
 
 
 
 
 

 

Soil 
 

Physiographic Factors: 
Physiographic factors of the habitat include form, behaviour and structure of the 

earth’s surface which consists of erosion of land, silting up of river, lakes, 

accumulation of sand and shingle along the sea coast etc., and also topography and 

elevation of land from sea level. Strong topographical relief, such as steep hills and 

deep valleys, has a profound effect on vegetation, chiefly, because it produces 

characteristic “local climates” (also called microclimate). 

Some of the important physiographic factors are discussed below: 

(i) Altitude: 

Effect of altitude is best visible in the mountains. With the increase of attitude 

(viz., height from sea level), the temperature and atmospheric pressure decreases, 

but wind velocity, relative humidity and light intensity increase. 

These changing climatic conditions also bring about changes in the pattern of 

vegetation of the region. Starting from the base of the hills, the vegetation pattern 

changes from tropical to temperate, taiga, tundra and polar (in the region totally 

covered with snow) (Fig. 1.3). 
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(ii) Effect of Steepness and

In addition to determining the character of the soil, slope also brings about 

variations in soil water contents. The steepness of slope determines the rapidity 

with which water flows away from surface, the degree of wetness 

surface, the intensity with which the sun rays can heat the soil surface and the 

denseness and height up to which vegetation can occur. Steepness of the slope also 

affects the amount of humus and other degenerating organic matter in the soil. O

very steep slopes most of the humus is carried away along with rain water (Fig. 

1.4). 
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(iii) Direction of Slopes: 

This factor plays an important role in determining the rainfall, and hence on the 

characteristics of vegetation of the area. The mountain 

definite directions, capture moisture from the wind on certain sides and condense 

aqueous vapours in the form of clouds and rains in higher region; thus, on certain 

sides rich vegetation is found, while the other side of the mountain

height, have only xerophytic vegetation (Fig. 1.5).

Edaphic Factors-
Edaphic or soil factors play significantly important role in determining the nature 

of vegetation. These factors are mainly responsible for the more local 

between plant communities to be found in great climatic regions. As the plants 

depend upon soil for anchorage, water and mineral nutrients, edaphic factors go a 

long way to affect the vegetation.

According to W.B. Turrill and Marsden Jones (194
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Here the term “soil” has been used in a wider sense. From the ecological point of 

view, the soil might be defined as that part of the earth’s crust which bears plant 

life. According to this definition, the solid rock covered with lichens is as m

soil as forest humus, or mud in still pools. Soil profile, soil texture, tenacity of the 

soil, air in the soil, soil water, soil temperature, organic and inorganic nutrients are 

the conditions which determine the kind of vegetation in an area.

(1) Soil Profile: 
If we dig a trench and examine its cut end we find that soil is made up of distinct 

layers which often differ in colour and which are known as “soil horizons”. The 

sequence of horizons from the surface downward is called “soil profile”.

A soil profile consists of 

1. Horizon A: 

This is the topmost soil and is composed of the bodies of plants and animals 

undergoing humification. In a mature soil this horizon is subdivided into distinct 

layers in progressive stages of humification.
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From the surface downward the following layers can be conveniently made 

out in this horizon: 

(A) A01, (B) A02 (C) A03, (D) A1, (E) A2 

This horizon is usually sandy and the roots of plants are embedded in this zone. 

2. Horizon B: 

This is known as subsoil and is formed with clayey soil. Roots develop poorly in 

this zone. This is composed of mineral soil. In this horizon the organic compounds 

have been converted into inorganic compounds by the process of mineralization 

and thoroughly mixed with finely divided parent material. The upper part of the 

horizon B (B1) appears as a dark band. The soluble materials which are formed in 

horizon A are leached by downward flow of water and deposited in horizon B. 

3. Horizon C: 

It is at the bottom of the soil profile and represents the more or less unmodified 

parent material which is in the form of weathered rock. Below this zone hard rocks 

are found. The soil profile and the relative thickness of the horizons differ with 

climate and topography. For example, in grassland soils (as compared to forest 

soils) humification is rapid but mineralization is slow. 

4. Horizon-R: 

This is the lowermost layer or horizon of the soil. It is made of bed rocks which are 

still un-weathered. 

(2) Classification of Soil: 
On the basis of its origin or formation, there are two major types of soil: 

(i) Residual Soil: 

At some places weathering and development (viz., paedogenesis) takes place 

simultaneously. Hence, the soil occupies the same area where the parent rocks 

were present earlier. 

(ii) Transported Soils: 

The weathering takes place at one place. The soil is then transported to another 

place where it is fully developed. 

These soils are classified into the following three categories depending upon 

the mode of transport: 

(a) Alluvial Soil: 



The soil is transported by running water. 

(b) Colluvial Soil: 

The soil is transported due to force of gravity. 

(c) Eolian: 

The soil is transported by wind. 

(d) Glacial: 

The soil is transported by melting snow etc. 

(3) Soil Texture or Physical Structure of the Soil: 
Upon the physical nature of the soil depend a number of fundamental properties—

the power of absorption, the water holding capacity and aeration. The 

determination of the physical structure, therefore, is of importance if one is to 

assess the value of the soil in ecology or in agriculture. Soil consists of a mixture 

of different substances. This mixture has been divided into two large groups: the 

humus, and the mineral constituents. 

The humus materials are gels of very variable dispersion. Humus always occurs in 

macroscopic “flocks” or aggregates. It is clear that the size and distribution of 

these aggregates, even when the total amount present is constant, will influence 

differently the degree of aeration and water holding capacity of the soil. A very 

fine divided humus imparts to the soil an impervious structure, and a coarser 

humus promotes drainage. 

Finally, it should be borne in mind that it is in the humus layer of the soil that the 

fungal and bacterial population is to be found, so that both the chemical nature of 

the humus and its mechanical condition will exert an influence upon the soil flora. 

With regard to mineral constituents of the soil, some of the mineral particles occur 

as gels, as for instance, the very fine particles which compose clay. The fine 

particles form a suspension with the soil water, and the degree of dispersion varies, 

according to the ions present and the salt content, from particles of 

ultramicroscopic size to particles visible under the microscope. 

Now the concentration of ions in the soil, upon which the state of dispersion of the 

clay depends, varies continuously throughout the year according to the 

concentration of soil water and the temperature. A mechanical analysis of the soil, 

therefore, provides only some idea of the physical “capabilities” of the soil. 



The diameter 0.002 mm, taken as the upper limit of the clay fraction, makes an 

important limit in the colloidal properties of the material. For when clays reach a 

degree of dispersion of 0.002 mm. they behave as suspension colloids. They are 

very sensitive towards small quantities of electrolytes and hydrogen ions; they 

cause flocculation, which process is

ions, on the other hand, stabilize the dispersed state of the clay. The clay, in fact, 

behaves like a negatively charged colloid.

A remarkable property of clay is its plasticity when damp. The particles cohere

together, and when present in the soil in small quantities, they increase its water

holding capacity, though when the clay is present in excess, the soil becomes very 

heavy. 

It is well known that a layer of clay is almost impervious to water. When the cla

is dry it becomes very hard, and shrinks, with the formation of cracks in the soil. A 

high percentage of particles as small as 0.002 mm

disadvantageous for agriculture, in fact heavy clay soils can be quite unproductive.

Particles of silt in the soi

properties, and are precipitated by electrolytes. Particles o

0.02 mm, do not exhibit any of the peculiarities of clays. Particles of this size begin 

to be visible to the naked eye, and the root hairs are able to penetrate between 

them. Clay, on the other hand, is so thick in consistency that root hairs are unable 

to penetrate into it. 

Coarse silt, of diameter 0.006 to 0.02 mm, prevents the clay particles from 

becoming too closely compacted together, and is for this reason a most valuable 

constituent of clay soils, in fact, the fertility of a soil is to a great extent dependent 

upon the presence of suitable proportions of clay and silt. The fine and coarse sand 

in the soil also promotes the drainage and aeration of the soil.

, taken as the upper limit of the clay fraction, makes an 

colloidal properties of the material. For when clays reach a 

degree of dispersion of 0.002 mm. they behave as suspension colloids. They are 

very sensitive towards small quantities of electrolytes and hydrogen ions; they 

cause flocculation, which process is reversed on the removal of the ions. Hydroxyl 

ions, on the other hand, stabilize the dispersed state of the clay. The clay, in fact, 

behaves like a negatively charged colloid. 

A remarkable property of clay is its plasticity when damp. The particles cohere

together, and when present in the soil in small quantities, they increase its water

holding capacity, though when the clay is present in excess, the soil becomes very 

It is well known that a layer of clay is almost impervious to water. When the cla

is dry it becomes very hard, and shrinks, with the formation of cracks in the soil. A 

particles as small as 0.002 mm, diameter in the soil is 

disadvantageous for agriculture, in fact heavy clay soils can be quite unproductive.

s of silt in the soil, of diameter 0.002 to 0.02 mm, also retain colloidal 

properties, and are precipitated by electrolytes. Particles of diameter greater than 

, do not exhibit any of the peculiarities of clays. Particles of this size begin 

sible to the naked eye, and the root hairs are able to penetrate between 

them. Clay, on the other hand, is so thick in consistency that root hairs are unable 

Coarse silt, of diameter 0.006 to 0.02 mm, prevents the clay particles from 

becoming too closely compacted together, and is for this reason a most valuable 

constituent of clay soils, in fact, the fertility of a soil is to a great extent dependent 

upon the presence of suitable proportions of clay and silt. The fine and coarse sand 

in the soil also promotes the drainage and aeration of the soil. 

 

, taken as the upper limit of the clay fraction, makes an 

colloidal properties of the material. For when clays reach a 

degree of dispersion of 0.002 mm. they behave as suspension colloids. They are 

very sensitive towards small quantities of electrolytes and hydrogen ions; they 

reversed on the removal of the ions. Hydroxyl 

ions, on the other hand, stabilize the dispersed state of the clay. The clay, in fact, 

A remarkable property of clay is its plasticity when damp. The particles cohere 

together, and when present in the soil in small quantities, they increase its water-

holding capacity, though when the clay is present in excess, the soil becomes very 

It is well known that a layer of clay is almost impervious to water. When the clay 

is dry it becomes very hard, and shrinks, with the formation of cracks in the soil. A 

, diameter in the soil is 

disadvantageous for agriculture, in fact heavy clay soils can be quite unproductive. 

, also retain colloidal 

f diameter greater than 

, do not exhibit any of the peculiarities of clays. Particles of this size begin 

sible to the naked eye, and the root hairs are able to penetrate between 

them. Clay, on the other hand, is so thick in consistency that root hairs are unable 

Coarse silt, of diameter 0.006 to 0.02 mm, prevents the clay particles from 

becoming too closely compacted together, and is for this reason a most valuable 

constituent of clay soils, in fact, the fertility of a soil is to a great extent dependent 

upon the presence of suitable proportions of clay and silt. The fine and coarse sand 



If sand is present in the soil in too great a proportion, however, the water holding 

capacity and the ascent of soil water by capillarity are reduced. As the clay content 

of a soil diminishes, the humus in the soil becomes more and more important for 

its fertility, on account of the resemblance between the physiochemical properties 

of humus and those of clay. 

(4) The Aeration of the Soil: 
Bacteria, fungi and the plants in the soil use up oxygen in respiration, and produce 

a corresponding amount of carbon dioxide. Since the provision of oxygen and the 

removal of carbon dioxide depend entirely upon diffusion to and from the 

atmosphere, the concentration of these two gases in the soil will depend upon the 

intensity of respiration and the resistance to diffusion in the soil If the soil is highly 

impervious to diffusion, the aeration is bad; the oxygen concentration decreases, 

and an accumulation of carbon dioxide follows. 

The intensity of respiration depends upon the partial pressure of oxygen, and upon 

the respiration depends the growth and vigour of the whole plant. An excess of 

carbon dioxide, moreover, is poisonous to the plant. 

It is clear, then that aeration is a factor of the first importance in ecology. In a 

cultivated field, the concentration of carbon dioxide in the soil atmosphere is 

markedly increased by manuring. Too intensive manuring of a good field can 

depress the aeration of the soil below the normal, and bring great harm to the crops 

growing in it. 

The oxygen content of the water table is also of great importance, and it depends to 

some extent on the aeration of the soil above. According to Hesselmann, damp 

moorland soils are almost free of oxygen; and the water which percolates through 

the soil of a wood loses a great proportion of its oxygen. Stagnant water most 

frequently suffers from lack of oxygen, and foul products formed in it are due to 

this oxygen shortage. 

In dry climate, plants very sensitive to aeration will grow in a soil which is highly 

impervious; the soil of steppes might be cited as an example. In very damp 

climates, therefore, ordinary plants prefer soils with a loose structure, such as the 

sand soils and mould soils of the temperate climate. In spite of their high water 



capacity, mould soils are very loose in structure, so that although the production of 

carbon dioxide is high it does not accumulate in the soil. 

This is only another illustration of the importance of the state of aggregation of a 

soil; in these mould soils the aeration and the drainage are good, yet the water 

storage capacity is not impaired. It is for these reasons that a good mould soil 

represents the optimum of edaphic conditions. 

(5) Water in the Soil: 
The water factor is peculiar in that it is a climatic as well as a soil factor. Effects of 

water on growth and development, determination of vegetation and water storage 

capacity of the soil will be discussed here. 

Hygroscopicity: 

The amount of water available in the soil depends upon the size of the soil 

particles, their volume and closeness. In the sandy soil, pore space between large-

sized sand particles is more and, therefore, water gets drained off very fast. Since 

water retention capacity of sandy soil is very poor, such soil is called physically 

dry soil. 

On the other hand, in the clay type of soil, the soil particles are smaller and are also 

associated with organic matter. They collectively form a colloidal system and, 

hence, water retention capacity of the clay is much more. The power of solid 

particles (here soil particles) to adsorb water upon their surface is called 

hygroscopicity; the larger the relative surface, the larger is hygroscopicity. 

Types of Soil Water: 
Rain water is the main source of water present in the soil. Major part of the rain 

water runs off and pass down into lakes and rivers etc. This water is generally 

called runoff water. However, a small part of rain water percolates down deep into 

the soil and stored there. 

The water stored in the soil may be classified into four groups: 

(i) Hygroscopic water, 

(ii) Capillary water, 

(iii) Gravitational water and 

(iv) Chemically bound water. 



(i) Hygroscopic water: 

It refers to the water that is present as a thin film around the soil particles. It 

adheres very firmly to the soil particles and cannot be removed from there easily. 

This water is not of much use to plants, and, hence, is generally called unavailable 

water. 

(ii) Capillary water: 

It refers to the water present in narrow capillaries in between the soil particles. The 

water held by capillaries is of great importance for vegetation, since it provides a 

reservoir from which the plant can draw it in times of low rainfall. 

(iii) Gravitational water: 

It is that surplus of water which, after rain, gradually sinks downward, under the 

influence of gravity. This forms ground water or water table. When the rain 

showers follow one another sufficiently often, this water, too, forms an integral 

part of soil moisture, and can be of importance in soils like sand, which have a low 

water capacity. In heavy soils, on the other hand, this water can be definitely 

harmful, since it inhibits aeration. 

(iv) Chemically- bound water: 

This water occurs in the form of hydrated oxides of iron, aluminum, silicon, etc. 

This type of water in the soil is also not available to the plants. Holard, Chresard 

and Echard Water. Holard refers to the total amount of water present in the soil 

Chresard or available water refers to the amount of water that can be used by 

plants. The amount of water that cannot be absorbed by plants is called echard or 

non-available water. 

Field capacity is the total amount of water in the soil, except the gravitational 

water. It is sum of the total amount of capillary water and hygroscopic water 

present in the soil. Water holding capacity or storage capacity of soil is the amount 

of available water in the soil and is equal to capillary water. 

(i) Water holding capacity or storage capacity = Field capacity – Non-available 

water 

(ii) Field capacity = Capillary water + Hygroscopic water 

(iii) Non-available water = Hygroscopic water 



(iv) Water Holding Capacity or Storage Capacity = (Capillary + Hygroscopic) 

water. 

(6) Soil Temperature: 
Temperature of the soil has significant effect on the growth and development of 

plants mainly through its action on the absorption of water and minerals. Low 

temperature decreases the rate of respiration in the embryonic cells of the root and 

thereby checking its elongation, resulting in a slower rate of penetration into new 

areas of soil where water is available. 

A plant growing in soil saturated with water may wilt if the temperature of the soil 

falls below a certain degree, because at a very low temperature roots cannot absorb 

water from the soil. This effect is primarily due to increased viscosity of both water 

and protoplasm at low temperature. 

Uptake of minerals is also greatly affected at low temperature because the reduced 

respiration results in less available energy during the absorption process and 

probably also because of great viscosity of the protoplasm. A certain degree of heat 

is necessary for seed germination, root growth and microbiological activity in the 

soil. 

All these activities almost cease at or near the freezing point of water. The 

temperature needed for seed germination and root growth vary with species to 

species. Microbiological activity is retarded by low soil temperature. As a result, 

the nitrification processes in the soil are slowed down and plant nutrition and 

growth are affected adversely. Plants growing on cold soils mostly show prostrate 

growing habit, whereas plants of the warm soils are usually slender and tall. 

Direct radiation from the sun, the heat generated by the decomposition of organic 

matter in the soil, and the heat from the earth’s interior are the chief sources of soil 

heat. The temperature of the soil is affected by its colour, texture, slope and water 

content. Dark coloured soils absorb more heat than those of lighter hue. Sandy 

soils absorb heat during the day and lose it at night quicker than the finer grained 

silt and clay. 

 

 



(7) Mineral Nutrients in the Soil: 
Soil is the natural source for the supply of nutritive substances to plants. 

Compounds of silicon, calcium, magnesium, iron, potassium, sodium and 

aluminum form the principal chemical constituents of soil. Besides these, the soil 

also contains small quantities of other mineral elements like copper, zinc, cobalt, 

molybdenum, manganese, boron, iodine and fluorine: these e elements are 

commonly known as minor or trace elements, and are required in extremely small 

quantities tor the well being of plants. 

The total amount of mineral elements present in soils depends partly on the nature 

of the rocks from which they are formed and partly on their age and the extent to 

which soluble products have been leached away. The chemical composition of 

different horizons of a soil also shows a good deal of variation. 

Acidity and Alkalinity of the Soil: 
Soil water is generally a weak solution which contains almost all the mineral 

elements in sufficient quantity. Hence, soil solution is a major source of nutrition 

for plants. The elements are usually absorbed in the form of cations. Absorption of 

mineral elements, therefore, depends upon cation exchange capacity of the soil. 

This capacity is maximum in clay soils. Hydrogen (H+) and hydroxyl (OH–) ions 

determine acidity and alkalinity of soils. It is expressed in terms of pH. Fertile soil 

is slightly acidic, its pH varies from 6 to 7. pH plays important role in determining 

the type of vegetation. 

(8) Organic Matter in the Soil: 
The amount of organic matter present in the soil has very significant effect upon 

the vegetative growth of the plants. Both plants and animals are equally 

responsible for contributing to the organic matter of the soil. 

Dead plant organs and animal bodies are acted upon by microorganisms and 

become incorporated into mineral substances. The amount of organic matter in the 

soils ranges from less than one per cent in arid sandy soils to as much as 90 per 

cent in peaty soil. 

 

 



The organic matter may occur in following three forms: 

(i) Litter: 

This is the fresh, dead organic matter, recently fallen to the ground, 

(ii) Duff: 

This refers to partially decomposed organic matter derived from last year’s or 

season’s litter. 

(iii) Humus: 

This is dark-coloured, amorphous, completely decomposed organic matter 

produced as a result of microbial activity. 

Plants obtain mineral elements from the soil and return them to the soil in the form 

of organic matter. This organic matter is decomposed by microorganisms and these 

nutrients are once again made available as inorganic elements. This process is 

called mineralization. 

Importance of Humus: 
(i) Humus has very high water holding capacity. 

(ii) Soil with high quantity of humus shows higher capacity of ion absorption. 

(iii) Inorganic nutrients are made available to plants by humus in the soil. 

(iv) Clay particles in association with humus form soil aggregates. 

(v) Humus is important to enhance aeration and porosity of the soil. 

(vi) Percolation of water into soil depends upon the quantity of humus in the soil. 

 

(9) Soil Organisms: 
A large number of organisms are generally present in the soil. The soil organisms 

include bacteria, fungi, algae, protozoa, rotifers, nematodes, earthworms, molluscs, 

arthropods etc. Bacteria and blue green algae are very important flora of the soil as 

they fix atmospheric nitrogen and improve soil fertility. The activity of other 

organisms also improve soil structure for the benefit of vegetation. 

The structure and nature of soil is greatly influenced by the organisms present in 

the soil. These organisms indulge in various activities, such as nitrogen fixation, 

antibiosis, decomposition of organic matter and formation of soil. 

 


