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2.0 OBJECTIVES

On completing this unit, you shall be able to:

e explain the meaning of soil erosion and its importance;
e differentiate amongst various types of erosion;

e discuss the process of initiation of soil erosion and the mechanism of
erosion; and

e describe the soil conservation mechanism.

2.1 INTRODUCTION

Soil erosion results in a huge loss of nutrients in suspension or solution,
which are washed away from one place to another, thus causing depletion or
enrichment of nutrients. Besides the loss of nutrients from the topsoil, there is
also degradation through the creation of gullies and ravines, which makes the
soil inappropriate for agricultural production. Costly reservoirs constructed
under the river-valley projects are being silted up at an alarming rate owing to
the denudation of forest vegetation, and the cultivation of steep slopes
without adopting any conservation practices.

In dry climates, blowing wind is the main cause of soil erosion. The
government is trying out various measures of soil conservation in India to
check the damages caused by this phenomenon. Though soil erosion through
natural agencies can hardly be checked, human-induced erosion by mining,
deforestation, and other activities is being strictly brought under the umbrella
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of law and being stringently implemented.

2.2 SOIL EROSION

“Detachment (breaking of soil particles from their original places) and
transportation (shifting some of the loose particles from their original places
to any other place) of soil particles is referred to as Soil Erosion. Soil erosion
is the weathering away of land surface by the action of some erosive agents
viz.; natural (water, wind, glacial, earthquakes, and volcano eruption) and
artificial or manmade (developmental activities, agriculture, or deforestation).

The Global Assessment of Land Degradation (GLASOD) study estimated
that around 15 per cent of the Earth's ice-free land surface is afflicted by all
forms of land degradation. Of this, accelerated soil erosion by water is
responsible for about 56 percent and wind erosion is responsible for about 28
percent. This means that the area affected by water erosion is, very roughly,
around 11 million square km., and the area affected by wind erosion is
around 5.5 million square km. The area affected by tillage erosion is
currently unknown.

Soil Erosion in India is a major cause of concern. In India, almost 130 million
hectares of land, i.e., 45 per cent of the total geographical surface area, is
affected by serious soil erosion through gorges and gullies, shifting
cultivation, cultivated wastelands, sandy areas, deserts, and waterlogging. It
is estimated that out of 305 million hectares reported area (the total
geographical area is 329 million hectares), 145 million hectares require
conservation measures.

Soil erosion by rain and river that takes place in hilly areas causes severe
landslides and floods while cutting trees for agricultural implements,
firewood, and timber; grazing by livestock over and above the carrying
capacity of grasslands. Excessive soil erosion with a resultant high rate of
sedimentation in the reservoirs and decreased fertility has become a solemn
environmental problem for the country with disastrous economic
consequences.

2.2.1 Types of Soil Erosion

Soil may be detached and moved by water, wind, tillage, or human activities.
These three, however, differ greatly in terms of; where and when they occur,
what happens to the area that is being eroded (on-site impacts), how far the
eroded soil is moved, and if the soil is moved away from the place where it
was eroded, what happens as a result (off-site impacts). Soil erosion can be
classified based on the erosion intensity and based on the types of erosive
agents.

A. Soil erosion based on erosion intensity

The following types of erosion based on the erosion intensity are observed in
India:

1. Natural/normal or geologic erosion: Soil is naturally removed by the
action of water or wind: such natural (or 'geological') soil erosion has
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been occurring for some 450 million years since the first land plants
formed the first soil this may be called as the 'Natural Rate of Erosion'.
Even before this, natural processes moved the loose rock, or regolith, off
the Earth's surface. Normally the 'Natural Rate of Erosion' or the
background erosion removes soil at roughly the same rate as the soil is
formed and this is considered quite natural.

Accelerated rate of soil erosion: The removal of the surface soil from
areas denuded of their natural protective cover as a result of human and
animal interference takes place at a much faster rate than that at which it
is built up by the soil-forming process. This accelerated detachment
rapidly ravages the land and it is with this type of soil erosion that we are
so seriously concerned. It has impacts that are both on-site (at the place
where the soil is detached or in situ) and off-site (wherever the eroded
soil ends up or ex-situ). Soil erosion is just one form of soil degradation.
Other kinds of soil degradation include salinization, nutrient losses, and
soil compaction, etc. But 'accelerated' soil erosion i.e.; the loss of soil at
much faster rates than its rate of formation is a far more recent problem
that needs attention for restoration and management.

Soil erosion based on erosive agents

Based on the types of erosive agents, soil erosion can be classified into the
following categories:

1.
2.
3.

4.

Wind erosion
Water erosion
Coastal and sea erosion

Fertility erosion (salt effect/waterlogging)

Now we will discuss these various types of soil erosion in detail:

1.

Wind erosion: Wind erosion takes place normally in arid and semi-arid
areas devoid of vegetation, where the wind velocity is high. The soil
particles on the land surface are lifted and blown off as dust storms.
When the velocity of the dust-bearing winds is retarded, coarser soil
particles are deposited in the form of dunes and thus fertile lands are
rendered unfit for cultivation. In other places, fertile soil is blown away
by winds and the subsoil is exposed, as a result, the productive capacity
of the soil is considerably reduced.

Water erosion: Soil erosion caused by water can be distinguished in
various forms, viz. (i) splash or raindrop erosion, (ii) sheet erosion, (iii)
rill erosion, (iv) gully erosion, (v)ravine erosion, (vi) landslides or slip
erosion and (vii) stream-bank erosion. We will discuss in more detail soil
erosion caused by water in section 2.3.

Coastal and sea erosion: This category of erosion falls on those lands
that are adjoining the sea coast. Often during high tides or Tsunamis, a
sizeable fertile area either gets washed away or becomes highly salty
rendering the cultivation non-feasible till the same gets drained and
reclaimed by natural rainfall or human interventions.
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Fertility erosion (salt effect/waterlogging): Due to increased numbers
of canals that bring water from the other areas to a new area and
consequently, increased water use especially for irrigation by farmers;
large tracts in the country have become salt-affected.

2.2.2 Mechanism of Soil Erosion

Water and wind are two primary sources of soil erosion. The mechanism of
soil erosion through water and wind is described below.

1.

iii)

Water erosion: Soil erosion caused by rainfall is the result of the
application of energy from two distinct sources, namely (i) the falling
raindrops, and (ii) the surface flow. The energy of a falling raindrop is
applied slantingly or vertically from above, whereas that of a surface
flow is applied more or less horizontally along the surface of the ground.
The chief role of the falling raindrop is to detach soil particles, whereas
that of the surface flow (outside the rills and gullies) is to transport the
soil. The falling raindrop also makes a major contribution to the
movement of the soil on unprotected sloping lands during the period of
heavy-impact storms, by splashing large quantities downslope and by
imparting transporting capacity to the surface water by keeping it turbid.
More than 100 tonnes of soil per hectare can sometimes be lost yearly in
this fashion from bare and highly detachable soil on sloping land. You
will learn more about water erosion in section 2.3.

Wind erosion: Wind is responsible for three types of soil movement in
the process of wind erosion. They are known as (i) saltation, (i)
suspension, and (ii7) surface creep.

Saltation: The major portion of the soil carried by the wind is moved in a
series of short bounces called "saltation". The soil carried in saltation
consists of fine particles ranging from 0.1 to 0.5 mm in diameter.
Saltation is caused by the direct pressure of wind on soil particles and
their collision with other particles. After being pushed along the ground
surface by the wind, the particles leap almost vertically in the first stages
of saltation. Some grains rise only a short distance; others leap 30 cm or
higher, depending on the velocity of the rise from the ground.

Suspension: Very fine soil particles, less than 0.1 mm in diameter, are
carried into suspension, being kicked up into the air by the action of
particles in saltation. The movement of fine dust in suspension is
completely governed by the characteristic movement of the wind.
Suspended material is carried long distances from its original location
and is thus a complete loss to the eroded area, especially when erosive
winds are from different directions.

Surface creep: Soil particles, larger than about 0.5 mm in diameter but
smaller than 0.1 mm, are too heavy to be moved in saltation but are
pushed or spread along the surface by the impact of particles in saltation
to form a surface creep.

About 90 per cent of the total soil movement in wind erosion is below the
height of 30 cm, and about 50 per cent of it is within 5 cm of the ground



level. The control of wind erosion is mainly based on the reduction or

elimination of movement in saltation.

The process of wind erosion is the same as water erosion because both water
and wind are termed fluids. The density makes all the differences. The
mechanism of detachment, transportation, and deposition are the same in

both cases.

Figure 2.1 (a) & (b) depict the various processes related to wind erosion.

Meshnlias i ostait st

Wind Velocity—
Profile—

s
—

more friction  —

next to groynd —

Fig. 2.1 (b): Mechanism of wind erosion.

2.2.3 Effect of Soil Erosion

Soil erosion causes both in-situ and ex-situ effects. Let us discuss these

effects in detail:

1. On-site (in-situ) effects of soil erosion: The main on-site (in-situ)
impact of soil erosion is the reduction in soil quality which results from
the loss of the nutrient-rich upper layers of the soil, and the reduced
water-holding capacity of many eroded soils. Loss of soil quality is a
long-term problem; globally, soil erosion's most serious impact may well
be its threat to the long-term sustainability of agricultural productivity,

which results from the 'on-site' damage that it causes.
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Fig. 2.2: On-site impact of erosion: severe rill erosion on a hillslope

(Source: John Boardmanthrough WWW)

Crops are particularly reliant on the upper horizons of the soil, which are
the most vulnerable to erosion by water and wind. In this sense, erosion
removes 'the cream of the soil'. Agricultural tillage also redistributes soil,
resulting in thinner soils on topographically convex areas within a field.
The damaging on-site effects of erosion, in terms of decreased
agricultural yields, are well known in the developing countries of Africa
and Asia. But even in the developed world, there is cause for concern.
Water erosion is locally severe in Australia, New Zealand, parts of the
US, Southern Europe, and Eastern Europe (often as a result of the former
large state-controlled farms). This strategy is, however, infeasible
concerning erosion in developing countries (Fig. 2.2).

Off-site (ex-situ) effects of soil erosion: In addition to its in-situ effects,
the soil that is detached by accelerated water or wind erosion may be
transported considerable distances. This gives rise to ex-situ effects too.
Water erosion’s main ex-situ effect is the movement of sediment and
agricultural pollutants into watercourses. This can lead to the silting-up
of dams, disruption of the ecosystems of lakes, and contamination of
drinking water. A more minor off-site effect can occur in situations,
where eroded soil has a decreased capacity to absorb water; increased

runoff may lead to downstream flooding and local damage to property
(Fig. 2.3).

— e

Fig. 2.3: Red discharge in China's Yangtze River at the Three Gorges, in Hubei
province is due to the sediment-rich water.

(Source of photo: Internet www)



Another major ex-situ impact results from the agricultural chemicals that
often move with eroded sediment. These chemicals move into and pollute,
downstream watercourses and water bodies. Where inputs of agricultural
chemicals are high - as in the more affluent nations - costs of removing such
pollutants from drinking water can be considerable. Therefore the on-site
impacts of soil erosion are a present-day problem for many of the developing
nations.

2.2.4 Factors Affecting the Soil Erosion by Water

The erosion rate is very sensitive to both climate and land use, as well as to
the detailed conservation practices at the farm level. The Himalayan region of
India is particularly more prone to erosion because it is subject to heavy
bursts of erosive rain, falling on steep slopes with fragile soils. This contrasts
with Central India where soil erosion is less because of lower rainfall on
gentle slopes. Consequently, the area affected by erosion is less extensive
than in the Himalayan region of North Eastern (NE) or North Western (NW)
parts of the country. However, erosion is still a serious problem in NW and
NE India along with the Eastern and Western Ghats and Malabar Coastal
region and is on the increase over time. With a very slow rate of soil
formation, any soil loss of more than It/ha/year can be considered
irreversible within a time of 50-100 years. The rate and magnitude of soil
erosion by water are controlled by the following factors.

1. Rainfall intensity and rainfall erosivity factor (R): Both rainfall and
runoff factors must be considered in assessing a water erosion problem.
The impact of raindrops on the soil surface can break down soil
aggregates and disperse the aggregate materials. Lighter aggregate
materials such as very fine sand, silt, clay, and organic matter can be
easily removed by the raindrop splash and runoff water, greater
raindrop energy or runoff amounts might be required to move the larger
sand and gravel particles.

2. Soil erodibility factor (K): The soil erodibility factor (K) is an estimate
of the ability of soils to resist erosion, based on the physical
characteristics of each soil. Generally, soils with faster infiltration rates,
higher levels of organic matter, and improved soil structure have a
greater resistance to erosion. Sand, sandy loamy and loam textured soils
tend to be less erodible than silt, very fine sand, and certain clay
textured soils.

3. Slope gradient and length (L-S factor): Naturally, the steeper the slope
of a field, the greater the amount of soil loss from erosion by water. Soil
erosion by water also increases as the slope length increases due to the
greater accumulation of runoff. Consolidation of small fields into larger
ones often results in longer slope lengths with increased erosion
potential, due to increased velocity of water which permits a greater
degree of scouring (carrying capacity for sediment).

4. Vegetation: Soil erosion potential is increased if the soil has no or very
little vegetative cover of plants and/or crop residues. Plant and residue
cover protects the soil from raindrop impact and splash, tends to slow
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infiltrate. The erosion-reducing effectiveness of plant and/or residue
covers depends on the type, extent, and quantity of cover.

Check Your Progress Exercise 1

Note: a) Use the space below for writing your answers.
b) Compare your answer with those given at the end of the unit.

1. How much soil on the earth is suffering from soil erosion?

2. How much area in the world is suffering from water erosion?
3.  What is the extent of soil erosion in India?

5. What are the adverse impacts of soil erosion?

34



6. List the main factors that affect soil erosion by water in India.

2.3 WATER EROSION

Water is the agent to removes the surface material from the earth's crust and
transport the eroded materials from the point of removal. Due to water
following types of soil erosion are observed:

1. Splash erosion: Although considerable quantities of soil may be moved
by rain splash, it is all merely redistributed back over the surface of the
soil (on steep slopes, however, there will be a modest net downslope
movement of splashed soil). Thus a more descriptive term might be 'rain
splash redistribution'. Fig. 2.4 (a) depicts the original size of the water
particles at the initiation of falling and after the splash has taken place
when water particles strike the ground. A picturesque depiction of the
splash is given in Fig. 2.4 (b) and the processes of detachment,
transportation, and deposition have been explained graphically in Fig.

2.4 (c).
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Fig. 2.4 (a): Water and soil splashed following a single raindrop impact.
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Fig. 2.4 (b): Water and soil splashed following a single raindrop impact.
(Source: The WEPP 95 CD-ROM)
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Fig.2.4 (c): The graphical representations of the processes of detachment,
transportation, and deposition in water erosion.

The rain splash requires high rainfall intensities; hence, it is most
destructive under convective rainstorms in the world’s equatorial
regions. Rain splash is relatively ineffective where rain falls with low
intensity.

Sheet erosion: After the rainfall intensity becomes more than the basic
infiltration rate the water build-up starts taking place which starts
flowing like a thin sheet in the direction of the general slope. Water is
known to flow along the path of least resistance. For flowing a small
distance the sheet flow assumes the form of channel flow. During this
process, two types of erosions are possible; 1) sheet erosion and 1ii) rill
erosion. Sheet erosion removes a thin covering of soil from large areas,
often from entire fields, more or less, uniformly during every rain that
produces run-off. Fig. 2.5 (a) depicts the overland flow conditions
leading to sheet erosion [Fig. 2.5 (b)]. This form of soil erosion is the
most prominent which is visible to our eyes, but the quantities being
eroded by such types of erosion processes are highly unimaginable.
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Fig. 2.5 (a): Diffuse overland flow. Note the raindrop impacts.
(Source: http://www.freefoto.com)

Fig. 2.5 (b): Initiation of the sheet erosion leading to the formation of rills and gullies
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3. Rill erosion

If the sheet erosion is unchecked and allowed to continue for a while the
rainfall may also move soil indirectly, through runoff in rills (small
channels) or gullies (larger channels, too big to be removed by tillage).
In many parts of the world, rill and gully erosion is the dominant form of
water erosion. Fig. 2.6 (a & b) depicts the soil loss that has taken place
due to rill erosion. If the rill erosion is not checked properly this leads to
gullies.

Fig. 2.6 (a): Initiation of finer rills after the sheet erosion has been completed on a
relatively flat land on the border of the ridges.

Fig. 2.6 (b): A denuded small hillock subjected to rill erosion
(Source: http://www.art.com)



Gully erosion: When rill erosion is neglected, the tiny grooves develop
into wider and deeper channels, which may assume a huge size. This is
called 'gully' erosion. The gullies tend to deepen and widen with the
intensity of rainfall every heavy rainfall. They cut up large fields into
small fragments and, over the course of time, make them unfit for
cultivation (Fig. 2.7).
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Fig. 2.7: A deep gully formation due to water erosion

It is estimated that about 2.3 m ha (5.75 m acres) of land in India is
affected by severe gully erosion. These gullies are an indication of very
bad management of the land resources. Apart from the fact that the
gullied land has been destroyed, the gullies are a menace to the adjoining
tablelands.

Control of gullies and their reclamation for various land uses

The practices described below are arranged in the order in which they
should be adopted; the cost of their execution increases progressively.

i) Closure to grazing and other biotic interference: A study of the
natural flora of the eroded areas has shown that only poor types of
annual and unpalatable grasses are growing in place of the desirable
climax associations which should normally exist in the prevailing
soil-climatic environment. Under the upper Damodar catchment
conditions, it has been observed that closure to grazing reduced the
soil loss from 3.3 tonnes/ha (under overgrazing conditions) to only
0.6 tonnes/ha.

ii) Contour and peripheral bunding: After the closure of the ravine
lands, the immediate problem to be tackled is to stop the devastating
rate of soil erosion and the growth of gullies, and the conversion of
the cultivated tablelands into wastelands for this purpose. It is thus
essential to retain as much precipitation as possible on the land in
semi-arid and sub-humid areas and safely dispose of the excess run-
off in humid areas. In the semi-arid and sub-humid areas of India,
contour and peripheral bunds of various cross-sections have been
found ideal for this purpose.
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prevented with gully plugs. Gully plugs protect the gully beds by
reducing the speed of run-off water, redistributing it, increasing its
percolation, encouraging silting, and improving the soil moisture
regime for establishing a plant cover. Gully plugs of various
materials, e.g. brushwood live hedges, earth, sandbags, brick
masonry, and boulders have been tried in India. Earth is the cheapest
and most readily available material. Boulder gully plugs are equally
effective if the material is available.

Reclamation of gullies for cultivation

The belief that all the gullied land can be reclaimed for cultivation by
making level benches in gully beds is not feasible. This may be possible
if no limit is fixed on expenditure. It has been observed that small and
medium gullies can be conveniently, safely, and economically reclaimed
for cultivation, whereas deep and narrow gullies should be retired to a
permanent vegetative cover of grasses and trees.

a. Reclamation of small gullies: Small gullies are reclaimed by
clearing, minor levelling with bulldozers, and constructing
diversion-cum-check bunds of 1.5 sq m cross-section spaced at
horizontal intervals of 30-45 m. Grassed ramps are provided for the
disposal of excess run-off at the ends of bunds near the gully sides.

b. Reclamation of medium gullies: A small gully gets transformed
into a medium gully along the length of the main drainage system. A
medium gully is reclaimed by clearing and levelling the bed and
constructing a series of composite earth and brick masonry check
dams at vertical intervals of 1.2 m (which gives a horizontal interval
of 120 m on a 1% slope of the gully bed) and terracing the side
slopes.

The uneven side slopes of the medium gullies having 8 to 15%
slopes are bench-terraced into level terraces at 0.9 to 1.2 m vertical
intervals. Bench terraces are constructed when the gully sides have a
uniform slope for a length of at least 120 m to justify the cost of
terracing. The terrace faces, grassed outlets and earthen-checked
dams are stabilized by sodding or growing them with suitable
grasses. Dicanthium annulatum and Cenchrus ciliaris have been
found suitable for this purpose, especially in Gujarat.

¢. Reclamation of deep and narrow gullies: As mentioned earlier,
the best land use of ravine lands is to retire them to permanent
vegetation comprising grasses and trees. This type of land use is a
must for deep and narrow gullies. The natural tree species of the
ravine lands of Gujarat comprise Acacia nilotica, A. senegal, A.
leucophloea, Azadirachta indica, Albizia lebbeck, Feronia
elephantum, Prosopis spicigera, etc.

5. Stream bank erosion: Torrents are defined as hill streams characterized

40 by wide-spreading beds on emergence from the hills with ill-defined



banks, flashy flows, and swift currents. Usually, they are dry
watercourses, except during the rainy season when with every downpour
in their catchment, they get very much swollen with flood and subside
almost to their normal tiny size immediately after the storm is over.
These sudden and violent flows are responsible for moving immense
quantities of detritus, comprising boulders, shingles, sand, and silt,
depending upon the geology of the terrain. The rivers change their
courses due to this type of widely prevalent form of erosion. The stream
bank erosion has been depicted in Fig. 2.8.

Fig. 2.8: Stream bank erosion

6. Landslides and landslip erosion: A landslide is defined as an outward
and downward movement of the slope-forming material, composed of
natural rocks, soil, artificial fills, etc. The fundamental causes of
landslides are the topography of the region and geological structure, the
kinds of rocks, and their physical characteristics. The immediate cause of
a slide may be an earthquake, or a heavy rainfall, which unduly saturates
the ground or a part of a road. However, these are accidents rather than
fundamental causes.

24 SOIL AND WATER CONSERVATION
MEASURES

Conservation refers to retaining extensive vegetation on the soil. Vegetation
is the protective cover against the forces of wind and water, which protects
the soil from being washed or blown away and preserves the physical and
hydrographic balance of nature. Forests, for instance, provide the most
effective protection against erosion on hill slopes.

Broadly speaking, the practical methods of soil and water conservation fall
into two important classes, viz. Agronomic measures and mechanical
measures (engineering procedures). Agronomic measures include contour
farming, off-season tillage, deep tillage, mulching, and providing vegetative
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barriers on the contour. These measures mainly prevent soil erosion but will
also help in improving moisture availability in the soil. The engineering
measures adopted differ with location, the slope of the land, soil type,
amount, and intensity of rainfall. Depending on these parameters, the
methods commonly used are contour trenching, contour stone walls,
construction of temporary and permanent check dams, and gully plugging
structures. Additionally, percolation ponds, silt detention tanks, and irrigation
tanks are constructed to harvest water and recharge it to the groundwater for
use in agriculture (irrigation). Farm ponds can also be constructed for every
4-5 ha in the watershed to provide protective/supplemental irrigation.

2.4.1 Agronomical Measures

Agronomic practices for soil and water conservation help to intercept
raindrops and reduce the splash effect, help to obtain a faster intake of water
into the soil by improving the content of organic matter and soil structure,
help to retard and reduce the overland run-off through the use of contour
cultivation, mulches, dense-growing crops, strip-cropping, and mixed
cropping. These measures are discussed in detail as under:

1. Contour farming: During intense rainstorms, the soil cannot absorb all
the rain as it falls. The excess water flows down the slope under the
influence of gravity. If farming is done up and down the slope, the flow
of water is accelerated, because each furrow serves as a rill. The major
part of the rain is drained away without infiltrating into the soil. The top
fertile soil, along with plant nutrients and seeds, is washed off resulting
in scanty and uneven growth of the crop.

2. Mulching: Surface mulches are used to prevent soil from blowing and
being washed away, to reduce evaporation, to increase infiltration, to
keep down weeds, to improve soil structure, to moderate soil temperature
and eventually to increase crop yields. Interculture kills weeds and
produces five to seven cm thick soil mulch which helps to reduce
evaporation from the topsoil. It also breaks the surface crust which forms
after each downpour. Studies on mulching carried out in India under
rainfed agriculture have concentrated on the measurement of crop
responses rather than on how crop responses are influenced.

3. Growing of crops that provide the maximum cover, and reduce run-
off and soil loss: Cultivation of legumes, in general, furnishes a better
cover and hence better protection to cultivated land against erosion than
ordinary cultivated crops. The crops and the cropping systems will
naturally vary from region to region, depending on the soil and climatic
conditions.

4. Strip cropping: Strip cropping is essentially a form of intercropping. Its
importance in controlling run-off erosion and thereby maintaining the
fertility of the soil is now universally recognized. Strip cropping, in
effect, employs several good farming practices, including crop rotation,
contour cultivation, proper tillage, stubble mulching, cover cropping, etc.
Strip Cropping is of the following different forms:



1)  Contour strip Cropping
i1) Field strip Cropping
ii1)) Wind strip Cropping

iv) Permanent or temporary buffer strip Cropping

1)  Contour strip cropping: Contour strip Cropping is the growing of
soil-exposing and erosion-permitting crops in strips of suitable
widths across the slopes on contour, alternating with a strip of soil-
protecting and erosion-resisting crops. Contour strip-cropping
shortens the length of the slope, checks the movement of run-off
water, helps to desilt it, and increases the absorption of rainwater by
the soil. Further, the dense foliage of the erosion-resistant crops
prevents the rain from beating the soil surface directly. It is
advisable to rotate the strip planting by sowing a non-resistant crop,
following an erosion-resistant crop, and vice versa.

1) Field strip cropping: It is the planting of farm crops in more or less
parallel strips across fairly uniform slopes, but not on exact
contours.

1i1) Wind strip cropping: It consists of planting tall-growing crops such
as jowar, bajraand maize, and low-growing crops in alternately
arranged straight and long, but relatively narrow, parallel strips laid
out right across the direction of the prevailing wind, regardless of
the contour.

1v) Permanent or temporary buffer strip cropping: In the case of
permanent or temporary buffer strip cropping, the strips are
established to take care of critical, i.e. steep or highly eroded, slopes
in fields under contour strip cropping. These strips do not form part
of the rotation practised in normal strip cropping, and they are
generally planted with perennial legumes, grasses, or shrubs on a
permanent or temporary basis.

5. Mixed cropping: The main reason for the lack of interest in strip
cropping in India is the small size of the land holdings of the farmers.
Instead, the Indian farmers have been interested in mixed cropping which
is very extensively adopted by them. Some of the important objectives of
mixed cropping are a better and continuous cover of the land, good
protection against the beating action of the rain, almost complete
protection against soil erosion, and the assurance of one or more crops to
the farmer. The roots of various species in a mixed crop feed at different
depths in the soil.

2.4.2 Mechanical Measures

Mechanical measures (also called engineering measures) play a very vital
role in controlling soil erosion from agricultural. They are adopted to
supplement the agronomical practices when the latter alone are not
adequately effective. The main objectives of the mechanical measures for
controlling erosion are: (i) to increase the time of concentration by
intercepting the run-off and thereby providing an opportunity for the
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infiltration of water, and (ii) to divide a long slope into several short ones to
reduce the velocity of the run-off and thus prevent erosion. The various
mechanical structures for controlling soil and water conservation are
discussed as under:

1. Stormwater diversion channel: This is the drain or direction, which
diverts the stormwater. It is the first line of defence and vital to the
protection system for all lower structures.

2. Channel terrace: To avoid soil dislodgement and scouring action, some

form of earthwork at right angles to the steepest slope is used to interrupt
the surface run-off. These works are known as terraces, or ridges, or
bunds. In the cross-section, the feature common to all is an excavated
channel, hence the name channel terrace (Fig. 2.9).
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Fig. 2.9: Design details of a sloppy inward bench terrace on a slope with the provision
of protective barriers.

3. Artificial watercourse: To discourage the water from channels, the

frequent natural watercourse is not available. So it must be artificially
made. They will normally run straight to the steepest slope and have a
bank on each side to contain the water.

4. Bench terrace: Bench terracing is converting a steep slope into a series

of steps. They may be constructed on the contour, to minimize run-off.
When regular cultivation is not required, as far as tree crops, smaller
terraces are effective (Fig. 2.10).

Fig. 2.10: A hill slope converted into level bench terraces



5. Irrigation terrace: When a flat bench terrace has a raised lip at the outer Soil and Water
Ce . . . . Conservation
edge to retain irrigation water, this type of terrace is known as an
irrigation terrace (Fig. 2.11).

Fig. 2.11: Wet terrace rice cultivation in high rainfall hill zone of Sikkim Himalayas

6. Orchard terrace: For too sloppy areas and where the soil is too shallow
then the land may be developed for tree crops by the use of intermittent
terraces, called orchard terraces (Fig. 2.12).

AFes -

a

vhras ey

Fig. 2.12: Half-moon terraces created on the steep slopes for establishments of orchards

7. Contour bund: This practice consists of making a comparatively
narrow-based embankment at intervals across the slope of the land on a
level that is along the contour. It is an important measure that conserves
soil and water in arid and semi-arid areas with high infiltration and
permeability and is commonly adopted on agricultural land up to a slope
of about 6 per cent.

It is a rudimentary type of channel terrace. Somewhere, it is taken as an 45
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contour line

Fig. 2.13: Contour line is the imaginary line at equal elevation on the ground

8. Contour trenches: Contour trenches are the excavated or dug-out
channels along the contour lines so that they can harvest the excess
runoff along with the soil being washed away. This technology is being
implemented in a big way in Mizoram (Fig. 2.14).

Fig. 2.14: Installation of a drainage trench for the safe disposal of excess rainwater

9. Pasture furrow: It is a small shallow drain whose function is to spread
out surface water and allow it to concentrate in the minor watercourse.
The primary purpose is to conserve water by increasing infiltration and
the technique is frequently used on grassland, hence the name pasture
furrows.

10. Tied ridging: 1t consists of covering the whole surface with closely
spaced ridges in two directions at a right angle so the ground is formed
into a series of rectangular depressions.

11. Contour cultivation or grass strips: On gentle slopes, it may be
sufficient to slow down surface runoff by carrying out all tillage
operations on the contour.

12. Ridge and furrow: This combines an element of erosion control with
surface drainage. This is useful for gentle slopes and large areas. The
ground is tilted into wide parallel ridges of the order of 10m wide with

16 intervening furrows about 1/2m deep.



13. Check dams: The structure constructed to control the velocity of running Soil and Water
. . Conservation
water along the gullies is called check dams. They reduce the steep
gradient of the gully into a series of steps with low rises and long flat
treads, reducing the velocity of running water. This makes water deposit
and increases the percolation of water in the soil. Check dams may be a
temporary structure constructed with locally available materials or a
permanent structure constructed with stone masonry (Fig. 2.15).

Fig. 2.15: A check-dam constructed in a gully for controlling the soil erosion

14. Percolation pond: The percolation pond is a multipurpose conservation
structure depending on its location and size. It stores water for livestock
and recharges the groundwater. It is constructed by excavating a
depression, forming a small reservoir, or constructing an embankment in
a natural ravine or gully to form an impounded type of reservoir.

15. Irrigation tank: The main function of this storage structure is irrigating
crops. It is constructed below the above-mentioned structures in a
watershed. In Tamil Nadu, each tank irrigates from 10 to 5000 hectares
of land. In south India, there are about 2000000 tanks, irrigating about
3.5 million hectares.

Fig. 2.16: A polyethylene lined water harvesting tank for conservation and
utilization of excess rainwater 47
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16. In addition to the above measures and structures, small storage structures
with a water storage capacity for an area of about 0.4 to 0.5 ha can be
constructed in large numbers one for every 10 to 20 ha catchment or
watershed at the foothills slopes and hilly areas. These storage facilities
would attenuate the floods during storms. These measures will also
ensure soil moisture for good growth of trees grown downstream
recharging the groundwater in the region and making available more
water for drinking and irrigation.

Maize
Plants

Fig. 2.17: Depiction of an experimental plot with polythene and straw mulching on

ridges and furrows with maize as a test crop
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Fig. 2.18: Topo-sequential cultivation of different crops on a slope land
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Fig. 2.19: Establishing the vegetative barriers in grassed waterways for prevention of
soil loss from higher elevations
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Fig. 2.20: A pictorial depiction of topo-sequential cultivation of different crops on a
slope on bench terraces

Check Your Progress Exercise 2

Note: a) Use the space below for writing your answers.
b) Compare your answer with those given at the end of the unit.

1.  What do you understand about conservation measures?

2. How many types of conservation measures have been adopted to prevent
soil erosion?
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3.  What are the objectives of mechanical conservation measures?

25 LETUSSUM UP

In this unit, you have learned about the process of soil erosion, various soil
erosion agents, types of soil erosion, and the mechanism of erosion. There are
several other ways of enhancing the process of soil erosion such as
developmental activities for catering to the needs of the rapidly growing
population of our country. I see in my near vicinity that a park was being
leveled by a laser machine and was run over by a tractor resulting in the
displacement of a huge amount of soil soon after the heavy rainfall took place
in a pulverized sports ground. The engineers and workers must be trained to
analyze and tackle such problems by being careful. Students must now be
able to develop their independent thinking about many more ways in which
soil erosion may occur. A brief idea for conservation measures has been
given but one has to be vigilant at every time that unnecessary loss of soil
must be prevented at all costs because our basic survival depends on this
precious resource and its preservation is the moral responsibility of one and
all.

2.6 KEYWORDS

Best Management Practice(BMP): Planning, design, and construction
practices that minimize the production and transport of sediments.

Design storm: The storm duration and intensity for which a BMP or other
structure is designed.

Embankment: A man-made deposit of soil, rock, or other material, often
used to form an impoundment.

Erosion: The wearing away of soil by water, wind, and gravity.

Erosion and sediment control plan: A plan specifying the minimum level
of erosion and sediment control to be installed on a site during each phase of
development activity.

Evapotranspiration: The combined loss of water from an area by



evaporation from the soil surface and by transpiration of plants.

Gabion: A wire mesh cage, usually rectangular, filled with rock and used to
protect channel banks and other sloping areas from erosion.

Geographic information system (GIS): A computerized system for storing,
analyzing, retrieving, and displaying geo-referenced (mapped) information.

Gully erosion: Erosion resulting in a relatively deep incision of the soil
surface, caused by concentrated overland runoft.

Mass wasting: Movement of earth materials caused by gravity alone,
without a transporting medium such as wind or water. Mass wasting includes
imperceptible processes such as soil creep and rapid processes such as debris
slides and rockfall.

Rill erosion: Small eroding channels produced by surface runoff.

Runoff: It is the proportion of precipitation that flows over the land surface,
in open channels, or stormwater conveyance systems.

Sedimentation: The deposition of eroded material (sediments).

Sediment delivery ratio: The fraction of the soil eroded from an upland
source that reaches a stream channel, waterbody, or watershed outlet.

Splash erosion (or rain splash erosion): The dispersal of soil particles
resulting from direct raindrop impact on the soil surface.

Suspended sediment: Sediment suspended in runoff water, in a stream, or
any other water body.

Turbidity: A measure of the ability of a water sample to transmit light. High
turbidity (poor light transmission) is normally caused by the presence of
suspended matter such as clay, silt, fine organic matter, and microscopic
organisms.

USLE: The Universal Soil Loss Equation. An equation was developed in the
United States in the 1970s to express estimated soil loss per unit area as a
function of rainfall, soil type, slope length, slope steepness, land cover, and
land management characteristics.

Watershed: The area of land draining to a common outlet.

Water table: The surface of the water under the ground that is at
atmospheric pressure. The water table is approximately that depth in the
ground at which saturated soil is first encountered. The water table generally
rises and falls seasonally.
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2.8 ANSWERS TO CHECK YOUR PROGRESS

EXERCISES

Check Your Progress Exercise 1

1.

Around 15 per cent of the Earth's ice-free land surface is afflicted by all
forms of land degradation.

Around 11 million square km.

In India, almost 130 million hectares of land, i.e., 45 per cent of the total
geographical surface area, is affected by serious soil erosion.

17.9 million hectares

Loss of nutrients from the topsoil makes the land inappropriate for
cultivation.

Rainfall intensity and Rainfall erosivity factor, soil erodibility factor,
slope gradient, and length factor, and vegetation

Check Your Progress Exercise 2

1.

Conservation refers to retaining extensive vegetation on the soil.
Vegetation is the protective cover against the forces of wind and water,
which protects the soil from being washed or blown away and preserves
the physical and hydrographic balance of nature.

Two types: Agronomic and mechanical

The main objectives of the mechanical measures for controlling erosion
are: (i) to increase the time of concentration by intercepting the run-off
and thereby providing an opportunity for the infiltration of water, and (i7)
to divide a long slope into several short ones to reduce the velocity of the
run-off and thus prevent erosion.

The structure constructed to control the velocity of running water along
the gullies is called a check dam.



