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OVERVIEW
In Unit 1, we introduced you to the various agricultural activities and their impact on the environment. In addition, we discussed how the extensive use of fertilisers, pesticides and irrigation in agriculture affect soil properties and ultimately groundwater. In the present Unit (i.e., Unit 2), we will focus on the properties of soil, the processes that occur in them and its behaviour under field conditions. We will begin the Unit by explaining the concept of soil and various parameters affecting soil formation and accelerating soil degradation. We will then discuss soil classification as it is widely used in agricultural systems. We will also explain the physical and chemical properties of soil. Then we will discuss components of soil, which include soil water, soil air, and organic and mineral contents of the soil. Finally, we will discuss the various types of soil in India and their chemical content. 

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· explain the basic concepts of soil;

· enumerate the factors that induce soil formation and accentuate its degradation;

· classify soil used in agricultural systems;

· explain the various properties of soil and their significance in agriculture; 

· discuss constituents of soil;

· describe the soil types in India.

 

2.1
INTRODUCTION TO SOIL

Soil plays a pivotal role in supporting the growth of crops, trees, etc., maintaining the environment clean and acts as source and sink for atmospheric gases. Our understanding of the properties of soil, the processes that occur in them and their behaviour under field conditions has advanced greatly in recent years. Soil generally refers to the loose material composed of weathered rock and other minerals, and also partly decayed organic matter, that covers large parts of the earth (Wild, 1996). It contains living matter and supports vegetation (out doors), which has changed in some places due to human activity. Either air or shallow water could be above soil layer.  Its horizontal boundaries are where it grades to deep water or to barren areas of rock or ice. Soil consists of the horizons near the earth's surface, which, in contrast to the underlying rock material (thin cemented horizons that are impermeable to roots), have been altered by interactions, over time. Soil extends deep up to the thin cemented horizons.  More commonly, soil grades at its lower boundary to hard rock or to earthy materials virtually devoid of animals, roots, or other marks of biological activity.  Thus, the lower limit of soil is normally the lower limit of biological activity, which generally coincides, with the common rooting depth of native perennial plants.  If however, either biological activity or current pedogenic processes (i.e., the process of soil formation, which refers to the integrated chemical, physical, and biological processes that form and differentiate soil horizons) extend to depths greater than 200 cm, then the lower limit of soil is set at 200 cm.

Soil can also be defined in a number of ways like:

· Reservoir of nutrients in one form or other and differs from the parent material and among themselves in the morphological, physical, chemical and biological properties. Hence, soils are black, red, deep, coarse and fine-textured. Soil is often referred to as loose material that sits above bedrock. 

· An unconsolidated mineral matter that has been subjected to, and influenced by, genetic and environmental factors – parent material (rocks, etc.), climate, organisms and topography, all acting over a period of time (Candela, et al., 1995). 

· Technically, soil is defined as the collection of natural bodies occupying portions of the earth's surface that support plants and has properties due to the integrated effect of climate and living matter, acting upon parent material, as conditioned by relief, over different periods of time. They are not generic and consist of organic materials, minerals and microorganisms (Soil Staff Survey, 1952). 


Having introduced you to the basic concept of soil and its definitions, we will next give you an overview of the factors that help in soil formation and those that degrade soil quality in Sections 2.2 and 2.3 respectively.

 

2.2 
SOIL FORMATION

The solid part of the soil is formed from two broad groups of materials: organic and mineral matter, under different physical and chemical conditions. Numerous pedogenic processes (i.e., the process of soil development) are responsible for soil formation, and soil genesis (mode of origin of the soil), which is a two-step process - accumulation of parent material, and differentiation of horizons in the soil.  Thus, after the parent material is formed, horizon differentiation is the result of additions, removals, transformations, and translocations within the soil. The five soil forming factors are parent material, climate, relief (topography), and biological influences on soil developed over time (White, 1987; Jaiswal and Wadhwani, 1980), which we discuss below:

(i)
Parent material: Rocks are the chief sources of parent material from which soils develop. The three main kinds of rocks include:

· Igneous rocks: They are formed by the cooling, hardening and crystallising of various kinds of lavas and differ widely in their chemical composition. They chiefly contain feldspars, maphic minerals and quartz. Rocks containing a high proportion of quartz (60-75%) are classified as acidic, whereas those containing less than 50% quartz are classified as basic. The common igneous rocks found in India are the granites (acidic) and basalt or the Deccan Trap (basic). 

· Sedimentary rocks: They are derived from igneous rocks and are formed by the consolidation of fragmentary rock materials and the products of their decomposition deposited by water. The common sedimentary rocks are conglomerate, sandstone, shale and limestone. Alluvial, glacial and aeolian deposits form the unconsolidated sedimentary rocks. 

· Metamorphic rocks: They are formed from the igneous or sedimentary rocks by the action of intense heat and high pressure or both resulting in considerable change in the texture and mineral composition. The common metamorphic rocks are gneiss from granite, quartzite from quartz or sandstone, marble from limestone and slate from shale.

Generally, weathering proceeds by physical disruption of the rock structure, which facilitates chemical changes within constituent minerals. Weathering refers to the physical and chemical disintegration and decomposition of rocks that are not under equilibrium due to temperature, pressure and moisture conditions on the earth's surface. The rate of weathering depends on temperature, rate of water percolation, oxidation status of the weathering zone, surface area of the rock exposed and types of minerals present. The kind and intensity of weathering and processes of soil formation indicate the degree of soil formation. The weathering could be physical or chemical. The principal agents of physical weathering are temperature, water, wind, plants and animals. Solubility, hydration, hydrolysis, carbonation, oxidation and reduction bring about the chemical decomposition of rocks.

(ii)
Climate: The key components of climate in formation of soil are temperature and moisture. The differential expansion and contraction of minerals in the rocks due to variations in temperature set up internal tensions in the weaker zones and gradually break them apart. The effectiveness of moisture depends on several factors like intensity of precipitation, evaporation rate, permeability of the parent material, etc.

(iii)
Organisms: The active components are plants, animals, microorganisms and humans. Lichens and mosses growing on bare rocks cause gradual disintegration of the parent material. Grass, shrubs and trees growing in the crevice of rocks help to extend the cracks by the growth of their roots. The decomposition of litter and decayed matter accelerates the chemical weathering owing to the release of organic acids.

(iv)
Relief:  It has a major influence on the local climate, vegetation and drainage of a landscape. Changes in elevation affect temperature, amount and form of precipitation, intensity of storm events and type of vegetation.

(v)
Time:  In general, soil is formed gradually and soil-forming factors depend on climatic conditions as well as the extent of a pedogenic reaction (depends on time for which it has operated). 

As soil formation proceeds, a soil profile (i.e., a vertical section of soil through all its horizons and extending up to the parent material) develops and, if sufficient time is allowed without disturbance, matures. The whole history of the formation of a soil is summed up in what you can see in the soil profile. It is composed of a number of horizons, which are roughly horizontal layers, one below another, often distinguishable by colour, texture, and structure and sometimes only by chemical analysis. The lowest horizon is the parent material. As soon as the first weathering of rock occurs, some soil profile development is initiated. In sedentary soil, this will continue uninterrupted but in transport soil, profile development cannot start until the parent material has reached its place of rest. The development of a mature soil profile, however, takes many hundreds or thousands of years, during which time it comes to a virtual equilibrium with its environment and becomes stable – provided that it is not disturbed. From the study of such profiles, much knowledge can be gained of the parent material of the soil, the way in which it has been formed and its properties. This information is useful in classifying and forecasting the problems associated with various groups of soil under agriculture, the top horizons of which have been completely intermixed by cultivation, but the lower horizons are still undisturbed and will affect important functions of the soil such as drainage (Simpson, 1983). There are two basic processes in soil profile development: movement of substances in water (leaching) and the incorporation of organic matter. Knowledge of the soil profile is important from agriculture point of view, since it reveals the surface and subsurface characteristics and qualities namely depth, texture, structure, drainage conditions and soil-moisture relationships that directly affect plant growth. 

An increasing population requires more resources in terms of food, fuel, fibre and building materials. The increased food demand could be met by bringing more land into cultivation, by more intensive use of land, or by a combination of the two. Each can cause problems of soil degradation and pollution. These problems, we will discuss in Section 2.3. But, first let us work through the following Learning activity: 


 

2.3
SOIL DEGRADATION

There are several possible causes for soil degradation, such as water logging, compaction, erosion, acidification, salinisation and sodification and the accumulation of heavy metals and other inorganic contaminants. All of these, and particularly erosion and acidification, can affect the environment in various ways. Accelerated soil erosion is the greatest hazard in most environments to the long-term maintenance of soil fertility as it reduces soil depth and might remove the entire topsoil. Loss of topsoil means loss of the layer with most nutrients, most organic matter and the best structure for root growth. Erosion can reduce crop yields to zero, although loss of few tonnes of soil per hectare might have no effect if the soil profile is deep (Wild, 1996).  Wind and water erosion, strip away nutrient-rich topsoil, leaving the land, less productive, while degradation by physical and chemical processes reduce the productivity of the soil in situ (Jaiswal and Wadhwani, 1980). The four processes of degradation are:

(i)
Water erosion (sheet erosion): Loss of topsoil through water erosion is the most common type of soil degradation, contributing to approximately 56 % of the loss. Topsoil is relatively rich in nutrients and hence its loss impoverishes the soil. 

(ii)
Wind erosion: Wind erosion is widespread in both arid and semiarid climates. In general, coarse soils are highly susceptible to wind erosion. It accounts for 28% of the loss and is caused by a decrease in the vegetative cover of the soil by overgrazing, agricultural practices or deforestation. 

(iii)
Chemical deterioration: This contributes to 12% of the soil degradation. Nutrients can be depleted or stripped when agriculture is practised on poor or moderately fertile soils with insufficient application of manure or other fertilisers. Salinisation occurs when the concentration of salts in the topsoil increases, rendering the land unfit for agriculture. It can be caused by poorly drained irrigation systems, excessive groundwater withdrawals in coastal areas (allowing seawater to infiltrate an aquifer) and activities that lead to increased evapotranspiration (combined loss of water by evaporation from the soil or surface water and transpiration from plants and animals) in soils with salt-containing parent material or saline groundwater. Acidification is caused by the drainage of pyrite-containing soils in coastal areas or by over application of acidifying fertiliser. Pollution is associated with industrial and urban wastes, excessive pesticide use and acidification by airborne pollutants. 

(iv)
Physical deterioration: Accounts approximately to 4% of soil degradation. Compaction makes tillage more costly, impedes seedling emergence, and decreases water infiltration, causing higher runoff of rainwater and increasing water erosion. Waterlogging includes flooding by river water and submergence by rainwater (as a result of human intervention) in natural drainage systems. Subsidence of organic soils caused by drainage and/or oxidation is recognised as a detriment only when the agricultural potential of the land is reduced. 

In addition, human induced changes due to agricultural practices accelerate soil erosion. This includes:

(i)
Overgrazing of animals: Trampling and grazing diminishes species grown in a forage area, and without adequate vegetative cover, this land becomes more susceptible to both wind and rain erosion. Further, grazing of animals in riparian areas (areas next to streams) causes erosion and stream sedimentation. 

(ii)
Planting of monoculture: This practice can lead to erosion since a monoculture is harvested all at once, leaving the entire field bare and rainfall is not retained by the soil and flows rapidly over the surface. Secondly, if a disease or pest invades the area, the entire crop is usually wiped out. 

(iii)
Row cropping: This practice is common with monocultures and is sometimes found in polycultures. The soil between each row of crops is exposed which is then vulnerable to erosion.

(iv)
Tilling: You have learnt in Section 1.1 of Unit 1 about tilling operation in agriculture to loosen the soil. This leads to likelihood of erosion as it disturbs the natural surface and protective vegetation. 

(v)
Crop removal: The continuous removal of crops increases the soil susceptibility to erosion due to exposure and depletion of organic matter. Organic matter has the ability to absorb rainwater and without it, erosion is increased, as water doesn't soak into the soil. 

(vi)
Development of new land: Rising populations are forcing people to grow crops on marginal lands. Hillsides when not developed properly are vulnerable to erosion.


There are large differences between soil profiles from place to place over the surface of the earth. To describe soil profile in a coherent manner, various classification schemes have been introduced. In Section 2.4, we will discuss soil classification that is used in agricultural systems. 

 

2.4
CLASSIFICATION OF SOIL

Soil is classified according to its size (which is based on texture) as gravel, sand, and clay (as per Indian Standard Code IS:1498 – 1970) and scale as shown in Figure 2.1 below (Murthy, 2001). 

Figure 2.1

Soil Classification (size of particles in mm)

	Boulder
	Cobble
	Gravel
	                   Sand
	Finer Fraction Silt and Clay

	
	
	
	Coarse
	Medium
	Fine
	

	             300             80           4.75          2.0          0.475       0.075


Source: Murthy, 2001

Soil particles that are coarser than 0.075 mm are generally termed cohesionless and have high porosity and hence high percolation. The finer ones are clays and silt and their significance is shown in Table 2.1. 

Table 2.1

Physical Nature of Soil

	Coarse Fragments
	Those fragments that range from 4.75 mm to 80 mm are termed gravels, those ranging from 80-300 mm are called cobbles and those above 300 mm are termed as boulders.  

	Sands
	These are the grains that are round or quite irregular depending on the amount of abrasion they receive. When not coated with clay or silt, such particles are not sticky. Their water holding capacity is low and passage of water and air is rapid. Hence they facilitate drainage and good air movement but they may be drought prone.   

	Clay and Silt 
	These are the grains, which have a size lower than 0.075 mm. In general, surface area is most affected by the small size and fine subdivision of silt and especially clay. Fine colloid clay ranges have about 10,000 times as much surface area compared to the same amount of medium-sized sand. The adsorption of water, nutrients, gas and the attraction of particles to each other are evident in clay. The presence of clay in soil imparts to it the unique texture and hence slow water and air movement. Such a soil is highly plastic, becomes sticky when too wet and hard and cloddy when dry unless properly handled. 


Soil with 10 % gravel, 52 % sand, 38 % silt and clay, according to the IS classification is termed as mixed-grained soil. 

You have now understood the physical nature of the soil; we will next discuss the textural classification of soil. Soil texture refers to the relative proportion of clay, silt and sand in a sample of soil. The dominant fraction is used to describe the texture, as clay, sandy clay, silty clay, etc. If no fraction is dominant, the soil is described as loam (Wild, 1996). A triangular diagram is commonly used to set the limits of each textural class (followed also in Indian agricultural system), which is given in Figure 2.2. The designation given for the area in which the point falls is then used for the classification of the sample. However, this method does not reveal any properties of soil other than grain-size distribution. 
Figure 2.2

U.S. Department of Agriculture Textural Classification
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The fine and medium-textured soils (e.g., clay loams, silty clay loams and sandy silt loams) are favourable from an agricultural point of view because of their high retention of water and exchangeable nutrients. In fine pores, water is strongly adsorbed but is not available for plants, because water in the micropore space is retained in soil by cohesion and adhesion forces that exceed gravity. In medium-sized pores the available water content is high, whereas in macropores water is more weakly held and percolation is high (gravitational water). In silty soil, the distribution of macropores, medium-sized pores and fine pores is optimal relating to available water content. Other factors, like the compaction of the soil, management practices, vegetation and saturation of the soil have significant impact on soil suitability (Murthy, 2001).

Soil texture has an impact on soil temperature. Considering the differences in specific heat capacity, fine-textured soil warms slowly compared to coarse-textured soil. Many important chemical and biological properties of soil particles are functions of particle size and hence surface area. For example, the adsorption of cations (nutrients) or the microbial activities are dependent on surface area. 


In Section 2.2, we learnt about soil profile, which furnishes a base information. This has to be supplemented by physical, chemical and biological properties (soil characteristics), which will ultimately affect movement of water and chemicals in soil. Hence, we will discuss the characteristics of soil next.

 

2.5
CHARACTERISTICS OF SOIL

In order to understand the basic features of the soil and its behaviour with plants, water and fertilisers, we need to know the physical, morphological, chemical and biological properties of soil, which we will discuss in Subsections 2.5.1 to 2.5.4. Soil properties vary across regions, within regions and often within individual fields. The general properties of soil that make it useful to the ecosystem are:

· It provides water, nutrients and anchorage for plants and trees in natural forest and grasslands, annual and perennial crops and planted grassland.

· It provides a habitat for decomposer organisms, which have an essential role in the cycling of carbon and mineral nutrients.

· It acts as buffer for temperature change and for the flow of water between the atmosphere and groundwater.

· Due to its ion exchange properties it acts as a pH buffer, and retains nutrient and other elements against loss by leaching and volatilisation. 

2.5.1
Physical properties

The physical properties of soil largely determine the manner in which it can be used. Properties, such as water holding capacity, permeability, aeration, plasticity and nutrient-supplying ability are influenced by the size, proportion, arrangement and mineral composition of the particles. The proportion of the major components such as inorganic or mineral particles, organic material, water and air varies greatly from place to place and with depth. Next, we will discuss some of soil’s physical characteristics:

(i)
Particle size and shape: Soil particles vary in shape from spherical to angular and differ in size from gravel and sand to fine clay. The type and intensity of abrasion decides the shape of the soil. Figure 2.1 gives details of soil classification according to their size.

(ii)
Texture and structure: The textural classes differ not only in the particle size analysis, but also in their bearing on factors affecting plant growth, such as aeration, plant nutrient contents, workability (ability to assimilate), mobility and availability of water. Soil structure describes the arrangement of the soil particles, which generally are coarse-grained and when they are not attached to each other are referred as single grained or structure-less. The other extreme is the massive structure where all the mineral particles are packed tightly together, as seen in some clayey soils. For arable crops, soil should consist mainly of small aggregates or crumbs, which provide a ready supply of water and oxygen to plant roots and allow seedlings to emerge easily.

(iii)
Colour: It gives a ready clue to soil conditions and some important properties. It is due to either mineral or organic matter or both. Red, yellow or brown colours are usually related to different degrees of oxidation, hydration and diffusion of iron oxides. These factors are utilised in determining the need for drainage. Imperfectly drained soils usually show a condition where alternate streaks of oxidised and reduced material occur. The mottled (i.e., mark with spots or blotches of different colour or shades of colour) condition indicates a zone of alternate good and poor aeration, a condition not conducive for proper plant growth. Dark colours of soil are associated with one or a combination of several factors, including impeded drainage conditions, content and state of decomposition of organic matter, the presence of titaniferous magnetite, etc (Jaiswal and Wadhwani, 1980). 

(iv)
Pore space and density: The pore space of soil is the portion occupied by air and water and is determined largely by structural conditions (Table 2.2). The density (i.e., mass per volume) of soil mineral particle is usually in the range 2.6 – 2.7 g/cm3 (2600 – 2700 kg/ m3). When dry, the bulk density of the soil is often about half of this value because the voids between the particles are filled with air (Wild, 1996). 
Table 2.2

Significance of Pore Size

	Pore size

in micro meters ((m)
	Significance

	>50
	Transmission (conduct water rapidly under gravity)

	0.5 – 50
	Storage pores (retain water against gravity)

	< 0.5
	Residual pore (remain filled with water even when dry)


(v)
Plasticity and cohesion: Plasticity is the property, which enable moist soil to deform on application of force and retain the shape even when the force is withdrawn. Sandy soil is non-plastic and clayey soil is plastic. Cohesion is the tendency of the particles to bond to each other as in the case of clayey soil.

(vi)
Soil respiration: It involves the breakdown of complex carbon (C) molecules where oxygen is consumed and carbon dioxide  (CO2), water and energy are released. The respiratory quotient (RQ), is defined as:
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In case of aerobic respiration, RQ =1 and RQ increases to infinity, when oxygen (O2) is no longer consumed but CO2 continues to be evolved. The respiratory activity of the soil organisms or respiration rate R is measured as the volume per unit time. Soil respiration is augmented by the respiration of living plant roots, and further, the respiration of microorganisms is greatly stimulated by the abundance of carbonaceous material in the soil immediately around the root. This zone, which is influenced by the root, is called rhizosphere (White, 1987).  

(vii)
Soil temperature and heat: This controls the microbiological activity and all processes involved in plant growth. Heat is necessary for seed germination, root growth and other biological activities. The temperature needed for germination and root growth varies with crop varieties. Crops, such as wheat, barley, and peas grown in India during winter germinate at relatively low temperatures as compared to maize, groundnut or cotton. Microbiological activities are retarded by low soil temperature. As a result, the nitrification processes in the soil are slowed down and plant nutrition and growth gets adversely affected. The factors that affect soil temperature are specific heat of soil, heat of vaporisation and transfer of heat in soils (largely by conduction) (Jaiswal and Wadhwani, 1980).
(viii)
Soil colloids: The most active portions of the soil are those which are in the colloidal state. The colloidal state implies a two-phase system in which the material namely fine clay and humus is dispersed (dispersed phase) in water (dispersed medium). The mineral colloid is present almost exclusively as clay of various kinds, while the organic colloid is present as humus. It is assumed that clay particles less than one micron in diameter possess colloidal properties that increase with a decrease in the size of the particles. The most distinctive colloidal properties are:

· large specific surface or interface; 

· capacity to hold solids, gases, salts and ions.

Depending on their nature, the soil colloids determine many physical and chemical properties. The colloidal material may occur as a thin gelatinous film around coarser particles, or may occupy a considerable part of space between the larger particles, thus serving as a binding material (Jaiswal and Wadhwani, 1980). 

No matter what classification system or entity is used to identify the soil, morphological properties need to be known. These properties are described in a soil profile or a pedon.

2.5.2
Morphological properties

The smallest representative unit of a soil body is called a pedon which is a polygonal unit occupying an area of about 1 to 10 m2. A pedon is bordered on its sides by vertical sections of soil called the soil profile.  A soil profile is a two-dimensional exposure of the soil, which reveals distinct layers called horizons and is illustrated in Figure 2.3. The soil horizons provide information on colour, texture, structure, permeability, drainage, biological activity, and other attribute information about soil characterisation, formation, fertility, etc. The six main horizons of soil, also called master horizons, are O, A, E, B, C and R respectively. Now we will discuss the main horizons individually: 

(i)
O horizon: It consists of organic deposits of dead, partially decomposed and decomposed vegetative material. This horizon is generally thin, except in undisturbed soils where it can be thick. It can be subdivided into Oi  (non- to slightly decomposed), Oe (intermediately decomposed) and Oa (highly decomposed) horizons.

(ii)
A horizon: This is the topmost mineral horizon, lying below the O horizon, composed of large amounts of inorganic material intimately associated with humified organic matter e.g., sand, silt and clay. Because of its organic matter content, it is darker in colour than the horizons below. In the absence of O horizon, A horizon is the surface horizon. 

(iii)
E horizon: They are mineral horizons located below the A horizon. They are the zones of maximum leaching or eluviation, zones of removal of soil constituents, e.g., clay, humus, iron and aluminium compounds. E horizons are white, pale light or bleached in colour.

(iv)
B horizon: They are located underneath E horizons. B horizons are frequently referred as subsoil and are the zones of illuviation (accumulation).

(v)
C horizon: They are located under the B horizons and are considered parent materials of soil. They are mixtures of weathered rocks and minerals. These materials may rest upon the rocks from which they have been formed, or they may lie upon an unrelated geologic formation.

(vi)
R horizon: They are the underlying solid rock formation with little evidence of weathering.

Figure 2.3

Soil Profile

[image: image3.png]O Horizon: leaf litter;
organic material

A Horizon: plough zone; rich
in organic matter

B Horizon: zone of
accumulation

C Horizon: weathering
soillitle organic matter

R Horizon: unweathered
parent material





Soil may differ from one another in the nature and arrangement of horizons. The kind and sequence of horizons determine the soil orders and soil series in soil taxonomy. Eleven groups of soil orders are: Entisols (these are young and shallow soils and are characterised by A/C or A/R profiles); Inceptisols (these mark the beginning of mature soil and are characterised by A/ Bw - B in the stage of formation / C profiles); Mollisols (These are very fertile mature soil and characterised by A/ Bk - calcic B horizon / C profiles); Spodosols (these are mature soil and characterised by A/E/ Bh - B horizon with humid / C profiles); Alfisols (these are mature soil and are characterised by A / E / Bt - B horizon with illuvial clay (argillic horizon) / C profiles; Ultisols (these are mature soil with A/E/Bt/C profiles); Oxisols (these are mature soil with A/B/C profiles); Aridisols (these are mature soil formed in arid and semiarid regions and characterised by A / Bk - B horizon with illuvial carbonate / C, A / Bn - B horizon with sodium, the illuvial constituent / C); Vertisols (mature soil characterised by A/B/C profiles with high swell-shrink capacity); Andisols (these are young soil with A/B/C or A/C profiles) and Histosols [characterised by O / C or O / Ab (b: buried) profiles]. In soil taxonomy, orders are classified into suborders, which are further divided into subgroups, families, series, and soil types. 
2.5.3
Chemical properties

Chemical properties of soil indicate the ability of soil to react with water, fertilisers and pesticides, which will ultimately alter the soil properties. The nine elements present in highest concentration in the earth’s crust in order of occurrence are illustrated in Figure 2.4.
Figure 2.4

Elements in Earth’s Crust
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Source – Mason, B and Moore, C.B.1982

(Note: Elements: O – oxygen, Si – silicon, Al – aluminium, Fe – iron, Ca – calcium, Na – sodium, K - potassium, Mg – magnesium)

Soil is able to adsorb cations, several species of anions, organic substances and gases. Due to this property, soil acts as buffer between the atmosphere and groundwater. Adsorbed ions replenish the soil solution when uptake by plant root occurs. The capacity of soil to adsorb depends on the negative charge of clay minerals (aluminosilicates and oxides of iron and aluminium) and humus. It also depends on the pH especially for the kaoline group of clay minerals, humus and oxides, the negative charge becoming less as the pH decreases. Now we will discuss these chemical properties in the following paragraphs.

Soil pH

Acidification of soil is a natural process, which is accelerated by deposition of increased amount of acids and acid-forming substances from the atmosphere (‘acid rain’). Soil acidity is common in regions where precipitation is high enough to leach appreciable amounts of exchangeable bases from the surface layers of soils. Alkalinity occurs when there is a comparatively high degree of base saturation. The presence of soluble salts, calcium, magnesium and sodium carbonate adds to the alkalinity of the soil. Most plants grow best within a pH of 6.5 to 7.2 (7 is neutral). Next, we will discuss the processes that contribute to acidity and alkalinity and their effect on ecosystem.

(i)
Acidity:  During organic matter decomposition and leaching, both organic and inorganic acids are formed. The simplest and perhaps the most widely found is carbonic acid (H2CO3), which results from the reaction of water and carbon dioxide. Hydrogen and aluminium are major contributors to acidity (Brady, 1984). Their influence, however, differ depending on the soil acidity of the source and negative charge on the soil colloids. Acidic conditions can have harmful effects on plants and trees, and aluminium leached from acid soils can be toxic to fish. 

(ii)
Alkalinity: Any process that encourages the presence of high levels of exchangeable bases such as calcium, magnesium, potassium, and sodium will reduce acidity and increase alkalinity (Brady, 1984). Irrigation water also contains various kinds of salts, whose cations are adsorbed by soil colloids, increasing alkalinity.      

The pH of soil solution is very important because soil solution carries nutrients such as nitrogen (N), potassium (K), and phosphorus (P) that plants need in specific amounts to grow, thrive, and fight diseases. If pH is increased above 5.5, nitrogen (in the form of nitrate) is available to plants while phosphorus is available at pH between 6.0 and 7.0. 

Plants cannot utilise N, P, K and other nutrients, if soil solution is highly acidic (pH below 4.5) and in the acidic state plants tend to take up toxic metals, which eventually lead to their death. Herbicides, pesticides, fungicides and other chemicals are used on and around plants to fight diseases and bugs. Knowing whether soil is acidic or basic is important because if the soil is too acidic, the applied pesticides, herbicides, and fungicides will not be absorbed (held in the soil) and they will end up in runoff, where they eventually cause pollution in streams, rivers, lakes, and ground water.      

Ion exchange

It is a reversible process by which cations and anions are exchanged between solid and liquid phases that are in close contact with each other. Ion exchange is the most important of all processes occurring in the soil. Soil colloids are the seats of ion exchange. Chemical and physical processes connected with ion exchange include the weathering of minerals, nutrient absorption by plants, the swelling and shrinkage of clay, leaching of soluble salts, etc. The capacity of soil to absorb and exchange ions varies greatly with the nature and amount of clay, and the organic matter. The cation exchange capacity (CEC) is defined as the amount of a cation species bound at pH 7 (neutral pH) and is expressed as milli-equivalents per 100 grams (Jaiswal and Wadhwani, 1980).  The percentage of CEC accounted for, by the basic ions (calcium, magnesium, potassium and sodium) is the base saturation percentage. A soil saturated with calcium and magnesium is considered normal and fertile. Soil with more than 15% exchangeable sodium is alkaline. If the soil is base-unsaturated, i.e., the proportion of exchangeable hydrogen is more, the soil tends to be acidic. As a result of negative charges developed by soil colloids, ions are adsorbed on the surface. The ions adsorbed include Ca2+, Mg2+, K+, Al3+, and Na+. Al3+ and H+ tend to dominate in humid regions, while in semi arid region Ca2+, Mg2+, K+, and Na+ dominate.

The main source of charge on clay minerals is isomorphous substitution (i.e., substitution of one element for another in ionic crystals without change in structure. It takes place during crystallisation and is not subject to change afterwards) that confers permanent charge on the surface of most layers of silicates. Ionisation of hydroxyl groups on the surface of soil colloids and organic matter can result in pH dependent charges. Unlike permanent charges developed by isomorphous substitution, pH-dependent charges are variable and increase with increasing pH. In most soil, there is a combination of constant and variable charge.

Displacement of one cation by another results in the process called cation exchange, for example, H+ produced by organic acid. Under high rainfall conditions, cations especially Ca leach, while under low rainfall conditions, Ca and other cations are not easily leached. Generally, ions with higher valency will exchange for those of lower valency. For example Al3+ > Ca2+ > Mg2+ > K+ = NH4+ >Na+. The type and quantity of organic and inorganic colloids in soil affect the rate of ion exchange. Clay minerals with 1:1 lattice tend to have more rapid rate of exchange than 2:1 clays, which have both internal and external exchange sites. Cation exchange (at negative sites) is major retention mechanism for heavy metals, e.g., Cd, Pb and Zn. The usual affinity series is (Wild, 1996):

Al3+ > Ba2+ > Sr2+ > Ca2+ > Mg2+  = Cs2+  > Rb+ > K+  = NH4+ > Na+
(Note: Al – aluminium; Ba – barium, Sr – strontium, Ca – calcium, Mg – magnesium, Cs – caesium, Rb – rubidium, K – potassium, NH4+ – ammonium ion, Na – sodium.)

Anion exchange arises from the protonation (addition of H+) of hydroxyl groups on the edges of silicate clays and on the surface of metal oxide clays. The anions Cl- (chloride), NO3- (nitrate), SeO42- (selenium oxide), to some extent HS- (hydrogen sulphide ion) and SO42- (sulphates), HCO3- (bicarbonates), and CO3- (carbonate) adsorb mainly by ion exchange. Borate, phosphate and carboxylate adsorb principally by specific adsorption mechanisms.

Electrical conductivity (EC) 

It is the reciprocal of resistance (1/ohms), and is measured in mmhos/cm or in dS/m (dS/m = mmhos/cm). EC is measured with salinity or conductivity meter. ECw (salinity of the water) is measured by inserting the conductivity meter in the irrigation water, with adjustment made for temperature. Measuring ECe (soil salinity) is a little complicated technique, requiring a saturated paste of the soil from which the water is then extracted and the salts measured.

Exchangeable sodium in the soil becomes a problem when the predominant salts in irrigation water or in the soil solution are sodium salts. Soil constituents, which determine soil structure, such as clays and organic matter (soil colloids), have negative charges (exchange sites) on their outer surface which loosely attach to positive ions and molecules (cations) such as calcium (Ca++), ammonium (NH4+), and sodium (Na+). These cations can readily be replaced by other cations (they are exchangeable). If there is excessive sodium in the soil solution, it will take over most of the exchange sites. Sodium is a small cation, so when present in large quantities on the exchange sites, it destroys the separation between soil particles. What happens then is that the clay or organic matter collapses leaving no air spaces or pores (de-flocculation). In some cases, the structureless organic matter is dispersed and can be lost in the drainage water and the soil is referred as black alkali soil.

2.5.4
Biological properties

Soil provides diverse habitats for organisms (the soil fauna and microorganisms). Their numbers (bacteria in the top few centimetres of soil usually vary between 1 million to 100 million per gram of soil) and activity depend to a large extent on the addition of organic matter to the soil as leaf litter and plant residues, and from the decay of roots. The addition of organic matter also improves the soil’s working quality or friability (Wild, 1996, Jaiswal and Wadhwani, 1980). Organic matter (though forming a small part of mineral soil) plays a vital role in the productivity and conditioning of soil. The microorganisms include bacteria, actinomycetes, fungi, algae, and protozoa. Most require an organic substrate and supply of oxygen. Some species oxidise inorganic substances, such as ammonium to nitrite, or nitrite to nitrate. Some bacteria reduce oxidised substances, producing, for example, nitrous oxide, nitric oxide and methane, which pass into the atmosphere. Because of these diverse activities soil organisms have an important role in the environment and crop production.

In the top 10cm, soil usually contains about 1-3% carbon as organic compounds and in the soils beneath grass or trees, it will be around 30%. As a result of decomposition by soil organisms and other chemical processes, the anatomical structure of plant materials is lost and some of the carbon compounds are changed to a stable product called humus. Chemically, humus represents a mixture of decomposed or altered products of carbohydrates, proteins, fats, resins, wax and other similar substances. These complex compounds are gradually decomposed by soil organisms into simple mineral salts, carbon dioxide, water, organic acids, ammonia, methane and free nitrogen, depending on the initial composition of organic matter. The movement and distribution of humus in soil depends on the pedogenic processes. Normally, the amount of organic matter and humus decreases from the surface downwards. Usually in the forest, due to continual litter, soil has a high content of organic matter. Humus becomes dispersed in acidic conditions and is carried into the subsoil where it becomes part of the hard, accumulated layer of mineral and organic colloidal matter. Next, we will discuss the properties of humus:

· The presence of –COOH (Carboxyl) and – OH (Hydroxyl) groups, which dissociate depending on pH (Wild, 1996). 

· Humus improves the soil’s physical condition by interacting with clay minerals and oxides of iron and aluminium to form stable aggregates. 

Table 2.3

 Percentage of Organic Carbon in Different Soils

	Soil group
	Percentage organic carbon

	Deep Black Soil 
	0.34-0.77

	Red and Laterite Soil
	0.68-6.53

	Alluvial Soil
	0.28-1.10


 Source –Jaiswal and Wadhwani, 1980

Microorganisms present in the soil first break down organic compounds into humus and then to simpler products, which are subsequently used by plants. Decomposition of this organic matter forms part of the feeding and growth process of microscopic plants and animals. When the organic matter becomes chemically and biologically inert, soil becomes infertile. Under waterlogged conditions, certain anaerobic bacteria cause denitrification releasing free nitrogen. The soil organisms vary in number from a few to many millions per gram of soil and factors like organic matter, moisture, temperature, physical condition and soil reaction determine the density of population. Bacteria dominate in neutral soil while fungi dominate in acidic soil rich in organic matter. It is estimated that bacteria form about 90% of the total population, actinomycetes about 9%, and fungi and algae together about one percent in soil microflora. Among soil fauna, protozoa are the most abundant, followed by nematodes, worms and insects (Jaiswal and Wadhwani, 1980).  The soil microorganisms are classified as: 

(i)
microflora; 

(ii)
microfauna.

Microflora 

Soil microflora consists mainly of bacteria, actinomycetes, fungi and algae, which are discussed below:

· Bacteria: The soil microflora typically produces ammonia from organic compounds when they release more of nitrogen than they can assimilate and convert into their own protoplasm. Ammonia released is converted into nitrite and nitrate, which contribute to nitrogen cycle. The nitrate-forming bacteria are generally confined to the top 25 to 30 cm of the soil, where the organic matter is also more. These organisms are most active between 25 and 38 degree Celsius, pH 6-9 and under favourable conditions of tillage, aeration, neutral soil reaction, and moisture content at field capacity. 

· Actinomycetes: They are similar in size to bacteria but resemble moulds in their growth and physiology. They can grow in the deeper layers of the soil and under drier conditions and need less nitrogen. They are also said to synthesise chemical substances, which produce the familiar odour when the cultivated soil receives its first shower of rain.

· Fungi: These organisms produce microscopic threads called mycelia, which may be found in the disintegrating organic matter on soil surface or on plant roots in upper strata below the surface. Many of the fungi are harmless saprophytes living on dead organic matter; others are parasites, which attack live plants and cause highly destructive epidemic diseases. Still others are parasites that can also live in the absence of host plants.

· Algae: They are microscopic or large plants containing chlorophyll and are found in large numbers in the top layer of constantly moist soils such as paddy fields. Some of them are capable of fixing atmospheric nitrogen.

Microfauna

Soil microfauna mainly consist of protozoa and worms and insects that are described below:

· Protozoa: Soil protozoa are unicellular animals feeding on either soil organic matter or bacteria thus regulating the number of the latter in the soil. The larger forms are found in very wet conditions or in swamps.

· Worms and insects: Worms, insects and other animals of different sizes inhabit most soils. They feed on plant remains, which are ingested along with large quantities of earth. Their excrements in the form of casts is brought up and deposited on the surface. Insects and some other large animals promote aeration and water percolation. They make channels and burrows in the soil primarily for their protection or in quest of food.


In this Section, we discussed the properties of the soil along with the processes, which influence the environment in many ways. As we have seen, a combination of physical, chemical and biotic forces acts on organic and weathered rock fragments to produce a soil with a porous fabric that can retain water and gases. In the next Section, i.e., Section 2.6, we will discuss various constituents of the soil such as air, water, mineral and organic materials. 

 

2.6
CONSTITUENTS OF SOIL

Soil composition may vary depending on its origin along with time and the natural forces involved in the formation process. The proportion of soil components may vary between the horizons in a soil profile. Major constituents are distributed in the topsoil (10 - 15 cm) consisting of soil air, water, mineral and organic matter, and the share of each constituent is shown in Figure 2.5 (Wild, 1996; Jaiswal and Wadhwani, 1980). In order to understand soil properties, the components have been described individually in the following Section. One component, however, often influences the properties of others and also the processes that occur in soil. To give two examples, soil with high content of coarse sand retains only small amounts of water, and the good aeration results in rapid oxidation of added organic matter to carbon dioxide; therefore, the organic content in such soil is often low. Secondly, 1:1 clay minerals have a smaller capacity to retain acidic inputs than 2:1 clay minerals; if the organic matter contents are the same, soil 1:1 minerals will develop a low pH more quickly.     
Figure 2.5

Typical Components of Top Soil (10 - 15cm)
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Soil air 

Restricted soil aeration adversely affects root development, processes of respiration and other essential biological processes. Therefore, it is important to know the content and composition of soil.  In Section 2.4, we have mentioned that, soil may have pore space of 30-60 % depending on its texture. This space is occupied by air, when not filled by water. Under moist field conditions, the non-capillary pore space (macropores) generally contains air and the capillary pore space, (micropores) water. The most favourable condition for plant growth is when one-third pore space is air and two-third is water. The soil air comprises of nitrogen and oxygen similar to the atmospheric air, but differs in terms of more moisture and carbon dioxide and a little less oxygen. The actual content of carbon dioxide varies greatly during the crop season because of higher crop growth rate and biological activities in soil. 

Soil water 

Water is needed in much larger quantity than any other substance and has greater influence on the growth and crop yield. Water serves the following functions in relation to plant life, as it:

· is an essential part of plant food;

· constitutes nearly 90% of plant tissues;

· serves as a solvent and carrier of plant nutrients; 

· maintains cell turgidity and regulates temperature. 

Soil moisture indicates the amount of water present in the soil and is often confused with soil water. During rain or irrigation, soil pores are filled with water and are saturated. After the drainage has stopped, the large soil pores are filled with both air and water while the small pores are still filled with water. At this stage, the water and air contents of the soil are considered ideal for crop growth (field capacity). Plants slowly, take up the water stored in the soil. Water is held in soil in the following forms:

(i)
Hygroscopic water: It occurs as a thin film (4-5 millimicron) and is held tenaciously with a tension of 31 atmospheres or more. It is not available to plants. 

(ii)
Capillary water: It forms a continuous film around soil particles (outside the film of hygroscopic water) and held by surface tension (ranging from 1/3 to 31 atmospheres) in the micropore spaces.

It is capable of movement in all directions and moves from the thicker to the thinner part of the film. Similarly, as the capillary-water zone moves farther from the water table, the rate of movement becomes less and suction needed to draw water up increases. Hence, water table lying more than 2-3 metres below the root zone is not useful to crops. Crops differ greatly in their water requirement according to growth characteristics, climate and water supply. Water requirements of a crop include evapotranspiration losses, water needed for metabolic activities, leaching and other unavoidable losses. Water needed for raising a crop in a given period is expressed as depth of water in millimetres.

(iii)
Gravitational water: It saturates the soil and percolates downward under the influence of gravity and is held at a tension below 1/3 atmospheres. 

Minerals and organic components

The fabric of the non-living part of the soil is made up of mineral and organic material and contains pore space occupied by water and air. The minerals include residues from the parent material, mainly quartz, and minerals in the clay fraction, which are the products of weathering. These clay minerals give the soil important properties including the capacity to adsorb cations and other solutes on negatively charged surfaces. Organic matter has the same property and is a source of the plant nutrients - nitrogen, phosphorus and sulphur (Wild, 1996). Mineral fragments in soil vary enormously in size from boulders and stones to grain and minute particles. There are several minerals present in the earth’s crust. Some of them are listed below:

· Feldspar (48%): The anhydrous alumino-silicates of potassium, sodium and calcium. 

· Quartz (36%): It is silicon dioxide found in crystalline rocks, which also occurs as free silica or sand. 

· Mica (10%): It is a layer of alumino-silicate in varying proportions of potassium, iron, magnesium and sodium.

· Limestone (2%): It is largely calcium carbonate and is referred as dolomite, when it occurs as magnesium carbonate. 

· Hornblende and augite (1%): They are ferro-magnesium minerals consisting of varying proportions of silicates of calcium, magnesium, iron and sodium.

· Olivine and serpentine (1%): Olivine is an olive-green ferro-magnesium silicate and serpentine is a hydrated silicate of magnesium. 

· Clay (1%): They are secondary minerals of hydrated alumino-silicates. 

· Other minerals (1%): Other minerals occurring in the soil include tourmaline (a boro alumino-silicate with alkali metals and iron or magnesium), rutile (titanium oxide, zircon-zirconium silicate), glauconite (hydrated silicate of iron and potassium), apatite (calcium phosphate, sulphur-bearing minerals), etc.  Allophane and the hydrous oxides of aluminium, iron and titanium also commonly occur in soil, more so in highly weathered and leached soils.


 

2.7
TYPES OF SOIL IN INDIA

Generalisations about soil types are misleading, as there is intra and inter regional variation in soil properties, which is evident even within fields.  There are many types of soil in India (Figure 2.6), most important being alluvial soil, black soil, red soil and desert soil. In order to establish the inter-relationship between their characteristics, they need to be classified. Soil in India can be classified into the following three groups on the basis of cultivation (Jaiswal and Wadhwani, 1980):

(i)
Alluvial, black and red soil, which are fertile, arable and cultivatable.

(ii)
Peat and marsh, which are saline, alkaline and potentially arable.

(iii)
Laterite and forest and hill soil, which are not suitable for cultivation.

Figure 2.6

Soil Map of India


Understanding the properties of soil is important with respect to optimum use. Now, we will describe major soil groups along with their modern nomenclature:

(i)
Alluvial soil: This type of soil is deposited by the action of moving water (usually rivers) and is usually highly fertile. This soil is fairly level, deep, light to medium in texture with favourable physical characteristics and good permeability. Small showers are useful and there is utilisation of most of the water held by the soil due to low moisture content at wilting point. These include the deltaic alluvium, calcareous alluvial soil, coastal alluvium, and sands. It is the largest and most important soil group of India contributing the largest share to the agricultural wealth. In this immense tract though a great deal of variation exists, the main features of soil are derived from the deposition laid by the numerous tributaries of the Indus, the Ganges, and the Brahmaputra. These streams, draining the Himalayas, bring with them the products of weathering of rocks constituting the mountains in various degrees of fineness and deposit them on the plains. Impervious clay obstructs the drainage and promotes the accumulation of sodium and magnesium making the soil sterile. 

The formation of hardpans at certain levels in the soil profile due to binding of soil grains by silica or calcareous matter forming an impervious layer is often observed in alluvial soil. The soil contains varying amounts of calcium carbonate (CaCO3) and soluble salts and is neutral to alkaline. The lime content increases at lower depths. They are generally poor in phosphorous pentaoxide (P2O5), nitrogen and organic matter. 

(ii)
Black soil: This soil is highly argillaceous (clayey), fine grained and dark and contains a high proportion of calcium and magnesium carbonates. The black soil is deeper, clay to clay loam and characterised by low permeability and high water holding capacity. Low infiltration rate, high plasticity and stickiness, low organic matter content, high CEC, calcareous nature and slightly alkaline. It is especially suited for cotton. There is no change in colour up to a thickness of 2 to 3 metres. They are sticky when wet. Due to contraction on drying, large and deep cracks are formed. They contain abundant iron, lime magnesia and alumina. They are poor in phosphorus, nitrogen and organic matter. In all regur areas, and in those derived from ferro-magnesium schist, in particular, there is a layer formed by the segregation of calcium carbonate. In Maharashtra, the Deccan trap occupies a large area. On the uplands and slopes, the soil is thin and poor. On the lowlands and in the valleys, deep and relatively clayey black soil is found. Along the ghats, the soil is very coarse. In the valleys of the rivers Tapti, Narmada, Godavari and Krishna, heavy black soil is often 6 metres deep. The subsoil contains a good amount of lime. 

(iii)
Red soil: These are light textured, shallow to medium in depth and usually underlain by compact subsoil, fairly porous with low water holding capacity. Soil is prone to erosion and surface crusting. The colour red is due to the wide diffusion of iron rather than its high proportion. They are generally poor in nitrogen, phosphorus and humus. This soil is poorer in lime, potash, iron oxide and phosphorus than the regur soil and is present in many areas of Tamil Nadu, Karnataka, Goa, Daman and Diu, south-eastern Maharashtra, Madhya Pradesh, Orissa and Chhotanagpur plateau. The ancient crystalline and metamorphic rocks on weathering have given rise to the red soil. Many of the so-called red soil of southern India are not red. On the other hand, some red soil is of the lateritic origin and quite different in nature. 

(iv)
Laterites and lateritic soil: It is the soil formed by the decomposition of many kinds of rocks, and found especially in tropical rain forests. It is a vesicular rock composed essentially of a mixture of hydrated oxides of aluminium and iron with small amounts of manganese oxide, titanium oxide, etc. It is common in the low hills of Andhra Pradesh, Karnataka, Kerala, Madhya Pradesh and Orissa. Laterite is a formation peculiar to India and some other tropical countries with an intermittently moist climate. Under the monsoon conditions of alternating wet and dry seasons, the siliceous matter of the rocks is leached away almost completely during weathering.

The laterite may be broken off and carried to lower levels by streams, and when re-deposited may get into a compact mass by the segregative action of the hydrated oxides. Thus, there are high level laterites resting on the rocks and low level laterites are formed in the usual way of detritus deposits.

  

(v)
Desert soil: The predominant component of desert soil is quartz in well-rounded grains but feldspar and hornblende grains also occur with a fair proportion of calcareous grains. A large part of the arid region belonging to the western Rajasthan, Haryana, Punjab, lying between the Indus river and Aravalli range is affected by the desert conditions of geologically recent origin. This part is covered under a mantle of blown sand which, combined with the arid climate results in poor soil development. 

The desert proper, owing to the physiographic conditions of its situation, though lying in the track of the south-western monsoon receives little rain. The sands, which cover the area are partly, derived from the disintegration of adjacent rocks, but are largely blown in from the coastal regions and the Indus Valley. Some of this soil contains high percentage of soluble salts, high pH, a varying percentage of calcium carbonate and is poor in organic matter.

The Rajasthan desert is a vast sandy plain, including isolated hills or out-crops at places. Though the whole tract is sandy, soil improves in fertility from west and north-west to east and north-east. In many parts, the soil is saline or alkaline, with unfavourable physical conditions and high pH.

SUMMARY

In this Unit, we discussed the concepts of soil and the various factors, which affect soil formation like parent material, climatic changes, relief, organisms and time. Then we discussed various factors such as water and wind erosion, and physical and chemical deterioration, which result in soil degradation.  In addition, we described various agricultural practices, leading to soil erosion - overgrazing, monoculture plantations, row cropping, crop removal, tilling, etc. The effects are not limited to lower crop yields on eroded soil; there are also harmful effects such as flooding of lower parts of the catchment and silting up of dams. After having learnt the agricultural practices, we explained the physical, chemical and biological properties of soil. The physical properties, which influence soil behaviour, are temperature, colour, plasticity, heat, etc. The chemical properties are pH, ion exchange, etc., and biological properties are microorganisms of the soil such as bacteria, fungi, worms, etc. There are mainly four components of soil, which includes soil air, soil water, and organic and mineral content of soil.  Finally, you learnt about the types of soil in India. There are mainly five types of soil present in India, alluvial (which form most of the agricultural land), black, red , laterite  and desert soil and their properties related to agricultural use.    
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Unit 2


Model Answers to Learning Activities
LEARNING ACTIVITY 2.1
Soil covers much of the earth’s surface and is a continuum. The upper limit of soil is air or shallow water. Its horizontal boundaries are where it grades to deep water or to barren areas of rock or ice. It consists of layers or horizons that are considerably weathered and contains varying proportion of organic matter. It serves as a source of nutrients and as a reservoir of moisture. Soil extends upto thin-cemented horizons. More commonly, soil grades at its lower boundary to hard rock or to earthy materials virtually devoid of animals, roots, or other marks of biological activity. Thus, the lower limit of soil is normally the lower limit of biological activity.

LEARNING ACTIVITY 2.2
The factors that affect soil formation are parent material, climate, organisms, relief (topography) and time.

Rocks are the chief sources of parent material from which soils develop and the 3 kinds of rock are igneous (feldspars and quartz), sedimentary (sandstone, shale and limestone) and metamorphic (gneiss and granite). The key components of climate in the formation of soil are temperature and moisture. Variations in temperature set up internal tensions in the weak zones thereby breaking them apart. Effectiveness of moisture depends on several factors such as intensity of precipitation, evaporation rate, etc. Plants, animals, microorganisms and humans are the active contributors to the formation of soil. Lichens and mosses grow on rock resulting in gradual disintegration of the parent material. The decomposition of litter and decayed matter accelerates the chemical weathering owing to the release of organic acids. Relief has a major effect on the local climate, vegetation and drainage of a landscape.

LEARNING ACTIVITY 2.3
There are four causes of soil degradation viz., water (sheet erosion) and wind erosion, chemical and physical deterioration.

Water erosion or sheet erosion involves the loss of rich topsoil and is the most common type of soil degradation. Wind erosion is predominant in both arid and semiarid regions and is caused by a decrease in the vegetative cover of the soil by overgrazing, agricultural practices or deforestation. Chemical deterioration contributes to 12% of the soil degradation. Nutrients can be depleted or stripped when agriculture is practised on poor or moderately fertile soils with insufficient application of manure or other fertilisers. Physical deterioration accounts to approximately 4% of the soil degradation. Compaction, waterlogging and subsidence are the examples of physical deterioration. Human induced changes include overgrazing, monoculture, row cropping, tilling, crop removal and development of new land.

LEARNING ACTIVITY 2.4
According to the Indian standard code, soil is classified according to its size as boulder, cobble, gravel, sand and clay. Finer fractions such as clay and silt are less than 0.075 mm in size. In general, surface area is most affected by the small size and fine subdivision of silt and especially clay. Fine colloid clay has 10,000 times more surface area compared to similar amount of medium – sized sand. The adsorption of water nutrients, gas and the attraction of particles for each other are evident in clay. The presence of clay in soil imparts to it the unique texture and hence slow water and air movement. Sand has a range of fine to coarse grains with sizes 0. 075 to 4.75 mm. These grains are round or quite irregular depending on the amount of abrasion they receive. Their water holding capacity is low and passage of air and water is rapid. Hence, they facilitate drainage and good air movement but they maybe drought prone. Gravel has a size of 4.75 to 80 mm. Cobble has a size of 80 and 300 mm. Sizes greater than 300 mm are called as boulders.

Soils are also classified according to their texture. Soil texture refers to the relative proportion of clay, silt and sand in a sample of soil.  The dominant fraction is used to describe the texture as clay, sandy clay, silt clay, etc. If no fraction is dominant, the soil is described as loam. Soil texture has an impact on soil temperature. Considering specific heat capacity, fine textured soils warm slowly compared to coarse-textured soils.

LEARNING ACTIVITY 2.5
There are 4 properties viz. physical, morphological, chemical and biological.

Physical properties are: 

· particle size and shape; 

· texture and structure; 

· colour; 

· pore space and density; 

· plasticity and cohesion; 

· soil respiration;

· soil temperature and heat; 

· soil colloids. 

Morphological properties (O, A, E, B, C and R horizons)

Chemical properties include: 

· soil pH (acidity or alkalinity); 

· ion exchange;

· electric conductivity.

Biological properties: Soil provides diverse habitats for organisms (soil fauna and microorganisms). Soil microorganisms are classified into microflora (bacteria, fungi, etc) and microfauna (protozoa, worms and insects). 

LEARNING ACTIVITY 2.6
The soil components that play a significant role in agriculture are soil water, soil air and minerals and organic matter.

Soil air plays an important role in root development, root respiration and other essential biological processes.

Soil water is an essential part of plant food and constitutes nearly 90% of plant tissues. It also serves as a solvent and carrier of plant nutrients and it also maintains cell turgidity and maintains temperature.

The minerals and organic matter of the soil supply essential micro and macronutrients for plant growth such as nitrogen, phosphorous, sulphur, potassium, sodium, calcium, magnesium, etc.

LEARNING ACTIVITY 2.7
The soil components in agriculture include soil air, soil water, minerals and organic matter. 
The gas phase in soil is called soil air. For proper plant growth, the pore spaces must contain air in sufficient amounts and in proper composition. Water is an essential part of plant food, constitutes nearly 90% of plant tissues, serves as a solvent and carrier of plant nutrients, maintains cell turgidity and regulates temperature. Water is held in the soil in the following form viz. hygroscopic, capillary and gravitational water. The minerals in the soil include residues from the parent materials, mainly quartz and minerals in the clay fraction, which are the products of weathering. These minerals give the soil important properties including the capacity to adsorb cations and other solutes on negatively charged surfaces, e.g., feldspar, quartz, mica, limestone, clay, etc. Organic matter has the same property and is a source of the plant nutrients- nitrogen, phosphorus and sulphur.

































































































(LEARNING ACTIVITY 2.4





How is soil classified and explain it’s significance?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 2.3





Discuss the factors that are responsible for soil degradation.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 2.2





What are the factors that affect soil formation?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 2.1





Explain the concept of soil.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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(LEARNING ACTIVITY 2.6





Discuss the significant role of soil components in agriculture.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 2.5





What are the properties of soil that affect crop production?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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