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Preface

Over the years it has been my experience that in spite of undergoing several training programmes most of the trainees do not get a clear idea of the different methods of soil conservation. As a result they are unable to identify the appropriate soil conservation measures suitable to each location and to implement them properly. Often they are not even able to distinguish between various soil conservation measures. Therefore the purpose of this booklet is to enumerate all the possible soil conservation measures and to distinguish between them so that people will have a clear idea about them.

Dr. K. T. Chandy, Agricultural & Environmental Education 

I. Introduction

Watershed management at present is one of the most accepted form of developmental approach. It begins with the soil and water conservation but is expected to move on to the natural and human resource management and finally to community building. Water is the most essential item for every living being. Soil is a porous material and acts like a sponge capable of absorbing and retaining the water. Thus soil acts as the vessel in which water is stored in the nature. This retained water is called soil moisture part of which is available to the plants. Therefore for the plants to obtain water from the soil there should be water stored in the soil. fur this first of all the soil should be stored or preserved. The question of soil conservation becomes most crucial because soil is very easily eroded within no time. At the same time it should be remembered that it takes hundreds of years to form one centimetre thick layer of soil.

Most of the cultivated lands are slopping and require one or more types of soil conservation measures. The topography and agro-climatic conditions are so varying in our country that one should have the ability to discern what type of soil conservation measures a particular land area requires. This means he should have a clear idea of the various soil conservation measures and their suitability to a particular geographical area where the soil conservation is a problem. One should have the ability to diagnose the type of soil conservation problem and to propose appropriate treatment to solve each problem. Often he should apply a combination of treatments in which case he should have a clear idea of the combined effect of various in the soil conservation measures.

Most of the cultivated land need application of long term soil conservation measures followed by reorganization of land use pattern efficiently including son moisture conservation, improvement of soil productivity and cropping and farming systems.

There are many ways of conserving the soil. Numerically speaking there are about 58 ways of mechanical soil conservation, 13 ways of biological soil conservation and 20 ways of agronomic soil conservation. Often both the trainers as well as trainees get confused between the various types soil conservation measures. Some of them of course are very much similar to each other. In the field :level situation a combination of a number of soil conservation measures have to be applied. Therefore one should have the ability to decide which combination of soil conservation measures should be implemented. This booklet intends to enumerate all the possible types of soil erosion control measures and their combined applicability to various conditions of soil degradation and erosion. Several of the measures enumerated may not be found in the conventional literatures. They are collections from the field practices observed by me in many parts of the country.

As already mentioned there are mainly three broad types of soil erosion control: mechanical, biological and agronomic. Under each of these there are many types of individually different measures. The readers are strongly reminded that it is a combination of several soil erosion control measures drawn from the mechanical, biological and agronomic types that becomes effective in the actual field conditions.

We cannot change significantly the climate and the inherent soil properties of a place. But we can do something to modify .the other factors of topography and vegetation to reduce soiI and water losses. However before we discuses each method we need to know the factors that should be taken into consideration in determining the type of soil conservation measures.

II. Factors to be Considered

The following factors and the mechanics of erosion by water and wind are to be assessed before we implement any of the soil conservation measures. They are briefly described here.

1. Physiography

The physiography refers to the size, shape, relief, drainage, mean elevation, land slope etc. Both the volume and rate of runoff increases as the size of the water shed incrcases. The size of the watershed is an important factor to compute the peak rate of run off which is essential for the designing of the drainage channel.

The longer and narrower the watershed the time of concentration of water (water retention in the water shed will be longer and lesser will be the runoff.

Relief designates the elevation difference between any reference point on the basin with respect to outlet elevation. Greater the elevation lesser will the concentration effect. At the same time longer the distance between the points greater will be the concentration effect or runoff water. Ultimately the combined effect of the elevation difference (slope factor) and the total length (length of slope) between the points will be the actual concentration effect.

Land slope has major implications for the land use. The speed and the extend of runoff depend on slope of the land. Greater the slope more will be the velocity of the water flow and still greater win the erosion of the soil. The complex mathematical expressions of the multiplying effect of the slope on the velocity, erosivity, the quantity of soil eroded and the particle size is expressed here in words as follows.

"When the slope is increased by four units the velocity of water flowing along the slope is doubled; if the velocity is doubled the energy and the consequent erosivity is increased four times; the quantity of soil eroded is increased by 32 times and the size of the particles that can be transported by pushing or rolling is increased by about 64 times." '

When the slope is more the number of contour lines will be more per unit area. Based on this relationship we can estimate the percentage of slope of a given area using the following formula: S = MN/A x 100, where S is percentage pf slope, M is total length of all contours within a watershed in metres, N is the contour interval and A is the area of the watershed (m2).

The degree of slope determines the land use for annual crops, plantation crops, land reclamation, depending on soil depth, stoniness, etc. Hence the length and degree of slope is important parameters to be considered in the watershed management. Roughly we can say that up to 3% of the area is good (or bunding, 4-7% slopes is suitable of contour bunding, 8-10% slope for broad base terrace, 11-15% slopes for broad terrace, 16-20% slope for broad bench terrace, 21-25% slope for bench terrace, 26-30% for narrow bench terrace, 31-50% slope is suitable for horticultural and fodder trees and between 51-100% slope the land should be used for planted forestry for fire wood and small timber trees and above 100% the land should be left for natural forest. This division is arbitrary and is based on the practical experience in the field.

The total rainfall and the drainage density are factors that need to be considered for the watershed management. The factors affecting drainage are related to the susceptibility of soil to erosion, runoff pattern, sedimentation and locating erosion control structures and erosion itself.

Total length of all streams (km) 

Drainage density =   -------------------------------------------------

Catchment area(km2)

The drainage map of an area may serve as a beneficial tool for the understanding and the preparation of the erosion assessment. From the drainage map we can understand the drainage pattern of an area referring to the design of the stream courses and their tributaries. The drainage may be fine, medium or coarse textured depending on the type of soil. Clay soil will exhibit finer drainage structure while the sandy soil will show coarse structure. Drainage patterns can act as guidelines to locate vulnerable areas requiring different kinds and degree of soil conservation measures.

2. Soil properties

Soil properties refer to soil series and soil phases, physiccal, chemical and biological properties, hydraulic soil groups and soil moisture regimes. Based on the runoff potential there are four hydraulic soil groups: (a) low runoff potential, (b) moderately low runoff potential, (c) moderately high runoff potential and (d) high runoff potential. The runoff very much depends on the infiltration and permeability of the soil.

3. Vegetative cover

A dense vegetative cover is the most powerful means to reduce the soil erosion. In relation to the vegetative cover the following hydrologic conditions may be identified: (a) poor (heavily grazed or regularly burnt, litter, small trees and brush are destroyed), (b) fair (grazed but not burnt, there may be some litter but these are not protected), (c) good (protected  from grazing, litter and shrubs cover the soils).

4. Land use practices

A record of the present land use practices followed by the farmers in a region is essential for further planning and reorganization of land use according to its land use capability classification, to get sustained production.

5. Nature and distribution of rainfall

Rainfall data is collected at different locations in the watershed and the mean is estimated. Besides total annual average the duration, intensity, frequency etc. of the rainfall are also important information for the watershed management.

6. Prediction of peak run off rate

The peak runoff refers to the maximum level of runoff happening during a period of very high storm which occurs once in several years. In soil and water conservation measures, the design of hydrologic structures, quantitative estimates of runoff rates, volumes and distribution are to be worked out. The channels and other structures are planned in such a way that they will be able to carry maximum runoff, which can be expected in a specified recurrence interval.

7. Floods and droughts

Related to the peak runoff is the flood situation which also occur either every year or once in few years. Needless to say that the soil conservation measures implemented should be able to withstand the flood waters. Whereas in the case of drought the soil conservation structures should be such that they store sufficient moisture in the watershed area to tide over the drought period. Therefore we should have sufficient data on the flood and drought occurrence in the watershed area.

8. Socio-economic factor

The watershed management begins with the implementation of soil conservation structures. But it should cross over to the economic programmes and finally it should culminate m social development programmes. Even in implementing the economic and social programmes the cultural factors are to be taken into consideration.

III. Mechanical Measures

The mechanical measures for soil conservation consists of any structure that is erected to hold the soil and thereby prevent the erosion. They are described as follows.

A. Bunds

Bunds are ridges or embankments or long and narrow projections constructed on the surface on the land at selected places and in selected directions. They are constructed with a number of materials, in different. sizes, shapes and heights. For more details about the type and construction of bunds the reader is requested to refer the booklet No. 593 on "Bunds and Teuacing". In this booklet the types of bunds described are with reference to the construction material and way of construction. Bunds are also constructed in contour or graded contour line.

1. Mud bond

The mud bunds are constructed using the soil. This is constructed when the slope is minimum. This is common in farm lands and in places where rainfall is average and above. The mud from the lower side of the proposed bund is dug up and placed in position to make the bund. For more details about bund making the readers may consult the Booklet No. 593 on "Bunds and Teuacing". In places where there is average and above average rainfall there should be drainage from the plots in order to drain out the water.

2. Loose rock bond

In loose rock bunds instead of soil, rock are used. The rocks are piled up in the form of a bund. Rock of different sizes are arranged in such a way that the small ones are fitting in between the big ones. This is constructed in areas where the rainfall is less than average and the rainfall is erratic. Stone bunds are constructed in places where there are plenty of stones available at very cheap rates and to withstand the sudden on rush of rain water. They reduce considerably the velocity of the rushing water. However the water is not retained some soil may be retained.

3. Loose rock cum soil bund

In this type the space between the rocks is filled with the soil which acts as a cementing agent. Besides the above mentioned: advantages this type; is, able to retain the soil also.

4. Bund cum vegetation

Trees; shrubs or bushes are planted on the top of the bund; or on one side of it, By doing this the bunds are strengthened.

B. Walls

Walls of different heights are made in certain places for the conservation of soil and water. They are of different types.

1. One sided mud walI

These are modified bunds constructed on land have more slopes than the places where bunds cannot be constructed nor terracing can be done immediately. The down side of the bund is beaten and pressed in such a way that it looks like a wall. The upper side though shows bunded structure merges with the land on the upper side. This is possible only in clay soil.

Grass is allowed to grow on the side of the wall so that the waIl will be durable.

2. Double sided mud wall

In this type the wall is built higher and hence both the sides have to be built by beating and pressing the soil to make a compact wall. By growing suitable grasses we can maintain the wall durable. It is also highly advisable to cover the double sided wall with any material to protect it from erosion due to rain.

3. One sided stone wall

Instead of mud stones are arranged at an angle corresponding to the angle of retention. This is much more durable than the mud walls.

4. Double sided stone wall

Stones are arranged on both sides of the wall with moist soil pressed and compacted in between.

5.Loose rock wall

Rocks and stones are arranged without any soil of cementing material in the form of a short wall. This is useful to check and reduce the velocity of the rushing water and soil coming along with it under erratic rainfall conditions.

C. Terraces

Terrace is the cut and levelled portion of the slope. Depending on the degree of slope the width of the terraces will vary. Greater the slope lesser will be the width of the terrace. Depending on the width of the terrace there are different types of terraces. With reference to slope the terraces may be bunt in three ways: levelled terraces, inward slopping terraces and outward slopping terraces. For irrigated crops like paddy leveIled terraces may be better. When one needs drainage through channel then inward slopping terraces are better. But if the drainage is natural then outward slopping terrace is better. For more details about terracing the reader is advised to consult the Booklet No 593 on "Bunding and Terracing". In this booklet only the different kinds of terraces are enumerated.

1. Broad base terrace

Generally broad base terraces are made on land slopping between 8-10 per cent.

2. Broad terrace

Broad terraces are constructed on lands slopping between 11-15 per cent.

3. Broad bench ten-ace

These are lesser in width and are constructed on lands with slopes ranging between 16-20 per cent.

4. Bench ten-ace

These are still narrower terraces constructed on lands with slopes ranging between 21-25 per cent.

5. Narrow bench terrace 
These are terraces of least width and constructed on slopes ranging between 26-30 per cent.

6. Continuous ten-ace

When the terracing done along the whole length of the contour it is called continuous terraces.

7. Broken terraces

When terracing is done in a broken not continuous form it is called broken terraces. They can also be called intermittent terraces.

8. Interlinked terraces

In this the terraces are constructed in such a way that one terrace leads or linked to another terrace on either side in the upward and downward way. Each terrace is shorter in width and length. The design looks like criss-cross arrangement of the terraced beds. The linkages between the terraces helps in moving bullocks and implements up and down from one terrace to the other on the slope. Also it forms a zig-zag path for the people to go up and down the slope.

9. Intennittent square terrace

These are square shaped platforms cut on the slope to plant trees or to conserve soil and water around the trees already planted. The trees may be fruit trees, plantation crops like coconut, rubber, cocoa, coffee, pepper, nutmeg, clove, aracanut etc. The trees may be planted in contour line.

10. Platform terrace

When the intermittent square terraces made for a row of trees planted in a contour line and extended both sides the whole thing looks like a platform cut across the slope. This is very common for plantation crops planted in contour line.

11. Half circled terrace

Instead of square shaped intermittent terraces for the trees half circled terraces are cut on the slopes.

D. Gully check

Gully is a common term used for a variety of soil erosion effects ranging from few centimetres to three metres in depth and up to 18 metres in width. In some places gullies are called channels or nallah in Hindi varying from small channel to very big ones. The gullies are classified into very small gullies, small gullies, medium gullies and deep and narrow gullies (Booklet No. 532). This classification according to me is too broad. For example very small gully according to the conventional classification varies from few centimetres to three hundred centimetres. The range is too much. Similarly in the other classification too the range of depth and to some extend the width is too much.

The gullies may be with or without perennial flow of water. The barriers created for checking the soil erosion through various types and sizes of gullies are commonly called gully plugging or gully checks or channel/nallaha checks/ bunding in general.

Gullies with water flow is called streams and the checks made in them is called check dams. While checks that are made in gullies with flow of water only during the rains (seasonal) are called gully checks or gully plugs. Since the flow of water in the gullys is so much forceful the checks should be strongly constructed. The needed strength of the checks depends on the force of flow of water (quantity of water, percentage of slope, length of the slope, type of the soil etc.) and duration of rain and flow. Therefore the strength of the checks should be varying by adopting suitable construc- tion materials and method. The different types of checks described here are precisely according to their variation in their strength to withstand the flow of water. They can be constructed in a number of ways. Most of them are explained here.

The width of the checks obviously depends on the length of the checks. More the length greater will be the width of the checks. As a thumb rule we can say that for every 9-12 Inches length the width of the check should be one inch (1:9- 12). Therefore for 10 feet long check 10 inches thickness is needed. However this will vary according to the place and according to the force of flow of water. The width of the checks given here does not include the width of the foundation. In some cases the design and nature of the foundation should be given very serious consideration. Otherwise the gully checks will not survive very long.

The gully checks should be permanently built. Only then it will achieve attain its purpose of preventing the increase in the depth and width of the gully and also level the gullies. Therefore it is highly recommended that only permanent. checks/structures should be built across the gullies.

In a gully there will be a number of checks installed at regular intervals (distance between two successive checks). The main principle to be followed under such conditions is to maintain proper interval between the checks. The top of the lower check should be at least one foot higher than the ground level of the upper check. Any thing less than this will result in' the erosion of the soil. The height of the checks will be deter- mined according to the percentage of slope and the distance between two successive checks and the depth of the gully. For a fixed height of the check the interval will vary with variation in the percentage of slope: greater the percentage of slope lesser will be the interval between checks and vice a vice. Similarly for a fixed distance the height of the checks vary with the percentage of the slope of the gully. The length of the checks depends of the width of the gully. The type of the gully checks described here are in the order of decreasing strength.

1. Concrete checks

When the force of the flow is very high strongly built concrete checks are necessary to control the gully erosion. Sufficient foundation should be laid at the bottom and on the sides. For the reinforced concrete checks normally 1:3:6 to 1.:4:8 cement, sand and metal mixture is used for the construction of the concrete check.

2. Sized stone and cement

Well sized stones are used to construct the gully checks. Well constructed checks are as strong as the concrete ones. The cement mixture have the proportion of 1:4 cement and sand. Instead of sized stones we can use unsized stones also.

3. Brick and cement

In this type well baked bricks and cement are used to construct the gully checks.

4. Loose rock double sided wall with cement

Instead of the sized stones irregular stones are used for the construction of the checks. The stones are arranged in such a way that both sides of the wall will be in the same level. The stones are jointed with the mixture of 1:4 cement and sand.

5. Loose rock double sided wall with pointed cement

Checks are made of any irregular shaped stones collected from the vicinity and are arranged in such a way that there is a wall on both sides. The space in between may be filled with small stones or soil. Finally the space between the stones is filled with the cement

6. Loose rock double sided wall without pointing

This type of checks are made in places where the force of flow is less compared to the previous cases and which allow the water to drain out through between the rocks while retaining the soil. Eventually the spaces between the walls will get filled up with the incoming mud and the wall becomes impervious.

7. Loose rock one sided wall pointed with cement

The one sided walls are more suited to gullies with greater percentage of slope and in cases the upper side of the gully check is levelled at the time of construction. The construction of this type of wall is similar to the above mentioned one except that the stones are arranged in level on one side only. Obviously this type of wall is less strong than the previous one.

8. Loose rock one sided wall without pointing.

The construction is same as the above mentioned ones except there will be no use of cement. On the upper side of this wall is filled with soil and stones.

9. Brush wood checks

This is a fencing structure across the gully and usually made in places where plenty of wood is easily available. The structure consists in vertically planted posts and the horrizontally fixed long poles. (Hereafter posts refer to vertical structures and the poles refers to the horrizontal, structures). The vertical and horrizontal structures may be made of any material such as concrete, iron, live wood and dead woods. The space between the vertical posts and the horrizontal poles can vary from very close to several feet apart. The space between the vertical posts and the horrizontal poles will be covered with twigs, leaves or any other vegetative material so that the soil eroded in the beginning will come and settle against them making a barrier to further soil erosion. In some case the space filled at the time of the construction itself. Whatever be the material of construction the brush wood check dams should be durable. When the brush wood check is made of live wooden material it can considered as a biological measure also. However it should be remembered that here we are discussing the mechanical structures. There are several types of brushwood dams as explained here.

a. Live posts and poles

The branches of trees that sprout in to new trees are planted as post. The horizontal poles are planted into the soil on both sides of the gully and tied to the posts. Both the posts and poles strike roots and sprout into branches forming an interwoven vegetative structure. Obviously this can be done, only in deep and narrow gullies having deep soil layer from the top to the bottom of the gully and in places where easily rooting and sprouting trees are available.

b. Live posts and dead poles

The construction is same as explained before except that it can be constructed in places where the sides of the gullies are rocky or stony.
c. Dead posts and poles

Dead wood collected from the nearby areas is used to construct the brush wood checks.

d. Concrete posts and poles

Concrete posts and poles are either planted or constructed in situ to form the brush wood check.

e. Concrete posts and wooden poles

The concrete posts are constructed in situ or brought from the place of fabrication. The wooden poles are fixed horizontally.

f. Live posts both sides of mod bond

In this case a closely planted brushwood posts will be lining on both sides of a tapering and high mud bund constructed across the gully. In this case the posts planted are thinner than the posts mentioned above. They are branches of the trees which strikes root and sprout easily.

g. Dead posts both sides of mud bund 

Instead of the live posts dead wooden branches of any kind of trees are used.

h. Conically planted double line posts

In this case the brush wood posts are planted in two Iines at suitable distance but slanting towards each other in pairs and crossing at the required height of the check. When constructed it will look like a conical fencing. Reapers are fixed horrizontally to strengthen the fencing. We can construct this type with live or dead posts including that of concrete and iron.

i. Straight and slanting line

In this type of brush wood checks two lines of brush wood posts are planted at a suitable distance. The posts in the upper side line will be planted straight while the posts in the lower side line will be planted slanting towards the upper line and each post in the lower side line will be crossing with the corresponding post in the upper side line at a height required for the brush wood. Reapers may be fixed horrizontally to strengthen the brush wood structure. In this case also we can make it with live or dead posts including that of concrete and iron.

10. Sand bags

Sand bags are easy material for constructing checks where there is water flow in the gullies. The sand bags are arranged in such a way that they form a well shaped check across the gully. 

11. Building sides

Often the sides of the gullies are prone to land slides or massive soil erosion causing the increase of the width of the gully. By building the sides one can retain the gully and used as drainage or a channel.

12. Paving the bottom


The gullies could be paved with stones or bricks in case one wants to retain the gully and use it as a drainage or channel. 

E. Gibbon structures 

The structure of gibbon constructions consists in having a very strong wire mesh holding small or big bolders in the form of a bundle. The shape of the bundle may vary from round to cylindrical. Gibbon structures can take the place of bunds, walls of terraces, sides of channels and gullies, checks, pillars etc. and are usually made where strong foundations are not possible to make the above mentioned structures. Galvanised wire mesh is used in the case of permanent gibbon structures whereas for temporary structures ropes and wires of lesser strength can be used. Based on the shape and material of construction we can identify several types of gibbons. 

Gibbon structures can be used for gully checks, for one side walls to prevent land slides, to reinforce the side of the streams prone to land slides, to make double sided walls, stone path ways etc.

1. Galvanized wire and stones

Galvanized type of thick wire is used. Depending on the size of the stones the mesh size is decided. The mesh is spread on the ground in the place where the gibbon is to be constructed and the stones are piled up in the shape one wants. Then the mesh is taken over the pile and fixed firmly using proper wire tightening instruments so that all the stones in the pile will be held firmly in place. It will look like a bundle of stones but in any predetermined shape. We can construct gibbon structures in any size and shape and length. We can also construct them in layers one above the other in the case of permanent gibbon structures.

2. Ropes and stones

Any type of rope material is used in the place of galvanised wire mesh. Though theoretically this is possible for practical purposes we cannot rely on this. Soil conservation is a long term planned activity. Therefore gibbon structures with ordinary rope material will not be useful for soil conservation.

3. Gibbon pillars

Wire mesh or rope mesh made in the form of cylindrical shape is filled with stones and finally when it is filled it will look like a pillar. Using these pillars further horizontal structures can be attached and made strong. Gibbon pillars can be used for constructing temporary check dams.

F. Mechanical water channel

The constant or frequent Row of water through the channels whether irrigation or drainage usually causes erosion of the soil in a massive way. The channels can be protected in several ways. The most common ones are explained here.

1. Concrete channels

If the channels are big it is advisable to use reinforced concrete at the bottom and the sides.

2. Cementing

If the channels are small cementing the bottom and the sides would be sufficient for preventing the soil erosion.

3. Paving

Paving the bottom and the sides of the channel with stones, bricks, tiles etc. will help in controlling the soil erosion in irrigation and drainage channels.

4. Stone spreading

Spreading bolders on the edges of the streams and water ways is another effective way of controlling the soil erosion.

5. Gravel spreading

If the water channel or drainage is very gently sloping or almost levelled spreading pebbles or gravel would be enough to control soil erosion.

G. Trenches

Trenches are dug in different patterns across the slope to control the soil erosion by trapping the run off water. On lands more than 25% slope trenches should not be made. In other words for a two feet wide trench the difference in height between the upper and lower edges should not be more than half a foot. Trenches are constructed in places where more rain water is received than that can be held by the bunds. Further the number of trenches dug in a unit area is more when the rain fall is high. Trenches of about one to two feet deep and wide are dug in any convenient direction or strength. For the control of the soil erosion trenches are made along the  contour line. The following are some of the important types of trenches.

1. Continuous

When a continuous trench is made in contour line it is called a continuous trench.

2.lntennittent

These are trenches of shorter lengths dug in the countour or noncontour line with a certain amount of gaps in between. Where continuous trenches cannot be built due to rocks or stones intermittent trenches are dug.

3. Intennittent alternate

When the intermittent trenches of two successive lines are alternated in position (gaps and treches) they are said to be alternative.

H. Pits

Pits are either round or square. Pits can be dug on land ( up to 33% slope.. Pits are more suitable where even intermittent trenches cannot be dug. This happens when the land is too stony or rocky. The pits are dug wherever possible.

I. Others

Besides the above mentioned soil conservation measures there are a few mechanical structure constructed for the control of soil.

1. Check dam

Small dams built across the perennial streams to store or divert water and ultimately to control the soil erosion are check dams. Check dams may be built of mud, concrete, stones, bricks etc. For the details of construction of check dams the readers may refer to Booklets Nos 573, 574, 579 & 576 on Investigation and planning, Design, Construction and Maintenance Earthern dams. In the case of check dam across the perennial streams the over flow is allowed by the side of the dam over a structure called spillway.

2. Anicuts

Anicuts are like check dams except that the over now is allowed over the dam itself. No spill way is constructed as in the case of check dam. Water is impounded on the upper side of the anicut. Since the water is flowing and falling to the ground there is all possibility of cutting the soil at the foot of the anicut. In order to prevent this a check wall of about 2-4 feet called "shoe" is made a few feet away from the spot water falls at maximum flow. This is built of concrete or stones with cement in such a way that water falling from the anicut can be stored at a certain height of 2-4 feet. This water acts as an absorbent of the force of water falling.

3. Wiers

Wiers are structures constructed across the channels and streams. These structures have rectangular of triangular shaped notches to allow the water to over flow. Besides soil erosion control wiers are also used to measure the quantity of water flowing through the streams or channels.

J. Ridges and furrows

Ridges and furrows are usually temporary mechanical structures though we can have them pern1anent too on a gently slopping land with planation crops, fodder crops, horticultural crops or forestry plantation. In seasonal cropping the ridges and furrows are temporary and small in size. In the permanent cultivation the ridges and furrows are made big. The effect of the ridges and furrows are suitable in low rainfall areas for the conservation water. According to the shape of furrows and ridges they may be classified into three types.

1. V-type

The ridges and furrows are made in such a way that between two ridges the furrow will be in the shape of English letter V. In this design the ridges and furrows will be small in size and the ridges will have sharp edge on the top.

2. U-type

The ridges and furrows are made in such a way that the space between two ridges will be in V-shape. The tope of the ridge will be round. The ridges will be bigger than the V-type. The bottom of the furrow will also be round. 

3. L-type

In this type the furrows and ridges will be still bigger and the space between two ridges will be wider in the form of a channel with L-shaped sides. The top of the ridges may be fiat with steep sides or broadly round. The furrows will be flat at the bottom forming like a broad channel.

IV. Biological Measures

Biological agents like trees, shrubs, bushes, grasses are used in controlling the soil erosion. These are planted alone or along with mechanical measures. The trees, shrubs, bushes and grasses are planted in such a way that they are able to control the erosion to a great extend. They may be planted alone or in combination. However it should be remembered that the biological measures will have to be applied along with the mechanical measures in the areas where perennial cropping systems like forestry and plantation crops are cultivated. Whereas where seasonal cultivation is done one should; follow a combination of mechanical, biological and agronomic measures.

The various measures under biological control are so similar that one tends to over simplify them both in the understanding and practical application resulting in the failure of the programme. Each individual measure will be dealt here even though they are very much similar.

A. Tree plantation

Land above 30% slope should not be put under seasonal cultivation and the land above 45% slope should always be put under perennial forestry which should never be subjected to clear felling. One can only go for selective felling of trees in areas above 45% slope. But in some areas like origin of springs and streams should be kept under perennial natural forest at least 50 metres radius of the origin. From this area no felling should be done at all. Similarly areas which are so steep no felling should be done.

A word about selective felling is also necessary. Some of the ideas about selective felling will be too much for anyone to digest. However the ideas have to be projected before they are to considered. If we want to cut and fell a tree even selectively on to the ground some people have to go on the ground to the spot of the tree; it has to be cut manually or using mechanical saw; the tree will fall to the ground crushing some other trees, shrubs and bushes; then the branches have to be chopped and left in the forest if we want only the trunk; but if we want the branches also we have to cut them into manageable size. Then the trunk has to be dragged down to a place convenient enough to saw it into sawn timber or to load it into a truck. In some cases a road has to be -constructed to the spot of the tree cut. In all these cases there will be unavoidable erosion of soil.

Therefore it is highly advisable that above 45% slope selective felling of trees is done by means of helicopter. Helicopters should be used for people to slide down to the exact tree to be cut, chain the tree to the helicopter and then saw the trunk. As the trunk is fully cut and detached the helicopter should lift the tree along with the person who cut the tree to a convenient place, in the plains for chopping the branches and to saw the trunk into timber.

In this case all the branches, leaves, bark and waste from the sawing of the timber can be utilized. In other words every bit of the tree will be utilized. This method apparently looks very expensive. But if we calculate the cost of irreparable harms of soil erosion due road construction to the felling spot or dragging of the timber down through the slope and the cost of road construction or employing an elephant to drag the timber down to the plains and to load and transport the timber by truck and the cost of labourers etc. and the value of the amount of time required to complete the felling of one or few tree in the traditional way and considering the additional income from the branches and the leaves selective felling by means of helicopter will be much cheaper. From the point of soil erosion control alone helicopter felling is cheaper.

The point being driven here is that under no condition any land above 45 % slope should be left without tree cover even for a day. Because on that day a storm can occur and thousands of tonnes of soil can be eroded. 

Besides this tree cover on land above 45% slope is essential for the preservation of the springs and streams which are the sources of water for the big streams, small and big rivers.

It should be remembered also that the planting and caring of trees on land above 45% is very difficult or almost impossible. Hence the best way perhaps is to saw the seeds already and allow the natural growth of the plants except areas having transport and accessibility. After having said the

basic policy with regard to the utilization of land above 45% slope let us see the various methods of biological control of soil erosion. In all the tree plantation methods which are explained here the soil erosion is controlled by the canopy cover.

1. Random plantation 

Trees are planted at random with the same type of trees or different types. The first is called monoculture and the latter is called polycuture. Areal seeding also result in random plantation. Random plantation is done in areas where spring originates, both sides of the streams and rivers and in areas where human beings cannot reach.

a. Monoculture

When the same species is planted in an area at random it is called random monoculture plantation.

b. Polyculture

When different species are planted at random in an area it is called randomised polyculture.

2. Line plantation

Trees are planted in line and there are different types of line plantation such as (a) contour line, (b) square design, (c) rectangular, (d) hexagonal, (e) strip plantation, (1) boarder plantation on the boundaries, edges of the streams, canals, roads, bunds, boundaries of plots etc. Line plantation can be done only in areas where people can easily reach. 

3. Block plantation 

When trees of different species are planted in different blocks it is called block plantation. Each block may be of few to many acres. For commercial usages it is better to plant in blocks. Block plantation can also be done only in areas where people can reach easily.

4. Orchards

Planting of fruit trees is done according to the spacing required for each fruit tree. They may be planted in contour, square, rectangular or hexagonoal design.

5. Wind break

Trees are planted as wind breaks across the direction of the wind. Wind breaks are planted on the edges of the seasonally cropped land and in orchards. 

B. Shrubs plantation 

Shrubs are trees small in stature. They can be planted just like the methods used for tree plantation. Shrubs are more commonly seen in the dry and scanty rainfall areas. Shrubs are also planted along with the trees on contour bunds. Planting trees and shrubs together on contour lines at regular intervals will help the control of soil erosion considerably.

C. Grass plantation

Grasses are excellent for soil erosion control. They can be planted on the bunds, on the edges of the terraces, on the side of the mud walls, in contour strips, on the boarders of the cultivated land, as pasture lands. Grasses are excellent for reinforcing the bunds; terraces and edges of the streams and canals.

D. Others

Other biological measures employed for the soil conservation are live brush wood check, pastures, live fencing.

1. Live brush wood

Fresh and green branches of trees that can be planted by cutting are used as the vertical posts of the brush wood checks. When planted in the soil they grow like any other tree and form the permanent vertical structure of brush wood check. The branches can be planted fresh or after striking the roots.

2. Pastures

Patures are areas where fodder grasses are grown to graze the animal. By maintaining pastures in a place we can control the soil erosion to a great extend.

3. Live fencing

Trees, shrubs and bushes are planted on boundaries of the plot to form fencing. When these fences are across the slope they contribute to the soil erosion control. Even if it is not across the slope or along the slope it will help in checking the soil erosion to some extend.

V. Agronomic Measures 

The soil conservation measures adopted in the cropping systems and practices are called agronomic measures. In other words these are agronomic practices made into soil conservation measures. There are a number of the agronomic measures of soil conservation. However not all practices are suitable or practical in all the places under all the agronomic practices.

However it should be remembered that agronomic practices adopted for the seasonal cropping will not be of much use for the control of soil erosion in the long run. In other words it will be useful only for one season. After the crops are harvested there is always the chance of soil erosion if the soil erosion factors are prevalent. Therefore it is very important that for the long term soil conservation measures we should employ mechanical and biological measures strictly before we apply the agronomic measures in any place. It should be again remembered that all the agronomic practices are not suitable for all the places. In each place according to the cropping pattern and cropping system not only the mechanical and biological measures of soil conservations are to be adopted but also the agronomic measures are also to be adopted.

1. Contour cropping

When rows of the crops are taken in contour line it is called contour cropping. This method is mainly adopted for the cultivation of seasonal crops at lesser slopes though contour cropping can be practiced for perennial crops in higher slope areas up to thirty per cent slope.

2. Contour strip cropping

Different crops are grown in contour strips on .the slope. For example maize is cultivated in strip consisting of a number of lines across the slope then either on the above or-below the strip of maize a strip of arhar crop is sown. Then any vegetable crop is sown in another contour strip. Thus we can take as many crops as we want. In this method a deep rooted crop is alternated with a shallow rooted one. Soil erosion can be controlled to a great extend by this method.

3. Mixed cropping

A number of crops are planted at random mixed or in lines one crop after another. Theoretically speaking certain amount of soil erosion control may be there during the crop- ping period.

4. Multiple cropping


Multiple cropping is a method of growing several crops in sequence on the same land during the same year. In other words in the same plot during the same year crops are grown during the kharif season followed by crops in the rabi season and zaid season. Because the land is always covered under I one crop or other the chances of soil erosion is less. 

5. Multistory multiple cropping

Multistory cropping is a method in which mixed cropping of varying canopy heights are grown together. In this we can have double storey, triple storey and four storey cropping: Different crops of canopy height and width are adjusted within the same land to maximize the use of land area and the air volume area. 

The principle in the multiple cropping is to plant the tallest crop in the maximum distance between which the next tall crop is planted at the middle. The next tall (third in height) crop is planted in the middle of the first tallest crop \ and the second tallest crop. The next tall crop is planted in between the second and the third. 

In the multiple cropping it should also be noted that out of the three or four crops at least two should be perennial and the rest seasonal. 

The following examples will make the point clear.

a. Coconl, it cocao -banana -fodder grass for costal areas

b. Neem -guava -pomegranate -ground nut for dry areas

c. Subabul -citrus -berseem for temperate areas

d. Sapota -guava -banana -fodder grass for irrigated areas

e. Sheesham -sapota -citrus -berseem for temperate areas

f. Drum stick trees -guava -lime -pine apple

g. J ackfruit + coconut -aracanut -clove -banana –pineapple for humid areas

h. Aonla -custard apple -periwinkle- aloe vera for very dry areas

h. Pear -orange -plum -straw burry for hilly areas

i. Mulherry- Karonda -Banana -lucero for temperate areas

j. Date palm -casuarina -bur -aloe vera for desert areas

6. Organic farming

Addition of organic manure increases the binding capacity of the soil particles providing some sort of erosion resistance. 

7. Silvi-pasture

Silvi-pasture means cultivation of trees and grasses in the same place. Due to the tree cover and the grass cover the impact of the rain and other erosion agents on the soil will be minimal.

8. Ley farming

In ley farming crops are grown in between two year duration of pasture cropping.

9. Alley cropping

In alley farming crops are cultivated in between rows of trees which are planted at suitable distance to take seasonal crops.

10. Agroforestry

Agroforestry means growing trees on land where crops are grown. The difference between alley cropping agroforestry is that alley cropping the trees are planted in lines at definite distance. Whereas in the case of agroforestry the trees are planted at random and in gaps among the crops and in the edges and corners.

11. Mulching 

Mulching is covering the soil surface with any biomass or sheets. By this the soil erosion is controlled in the cropping land.

12. Minimum tillage 

Stirring and cultivating the soil increases the soil erosion. Therefore practice of minimum tillage is recommended "to reduce the soil erosion in the cropping land.

13. Cover cropping

Cover crops are grown to cover the soil surface and thereby reduce the soil erosion and retain the moisture in cropping land.

14. Green manuring

Incorporation of green leaves into the soil is called green manuring in general. It can be carried out in the following ways.

a. In situ

Any green manuring crop is grown on the same plot and when they are grown up they are ploughed and incorporated into the soil. Usually legumes are grown for in situ green manuring.

b. Applying green leaves

Green leaves are brought from out side and applied on the land: The leaves may be of legumes or non-legumes.

15. Perennial cropping

Growing perennial crops like fruit and plantation crops on lands which are prone to erosion will considerably reduce the soil erosion.

16. Dibling the seeds

Placing seeds of trees, shrubs and bushes in holes made by a peg or a stick at regular intervals in a line is called dibling. In this method there is no need for ploughing. Similarly we can dibble seedlings also.

17. Planting potted plants

A number of crops (trees, pulses, vegetables, oil seed crops) can be grown in pots or polybags in nurseries. They can be planted in the field along with the mud balls

16. Spot planting

Spot planting means sowing seeds or seedlings on spots at proper and recommended distance. Only the spot is prepared in the round or square form leaving the rest of the area untilled. Planting of gourds is done in this manner.

17. Growing on pandals

Growing creeping, climbing and spreading crops on pandals helps in soil erosion control as the pandals form a barrier to the rains.

18. Alternating deep rooted with shallow rooted

Crops with deep roots are grown during rainy season during which time soil erosion occurs more easily and planting shallow rooted crop during the dry season.

VI. Conclusion

Soil is the source of all our requirements in life. Erosion of soil is erosion of human life and finally destruction of forms of life from the face of the earth. Soil should be preserved by all means and preservation of soil should be every body's concern. However most people have very little idea about the various means of the preservation of the soil.

This booklet enumerates and describes briefly all possible types of soil conservation measures. Some of them are not found in any of the literatures as they have been compiled from the field experiences of various people including one's own. However it should be remembered that all these measures will have to be applied in combination and not in isolation.

Though mechanical erosion measures are costly without mechanical measures we cannot implement effective soil erosion control on the steep slopes, stream banks, gullies, in the rivers, streams, sides of roads and canals. However along, with mechanical measures we should always incorporate the biological and agronomic measures to improve effectiveness of the soil erosion measures adopted. Also biological and agronomic measures are income generation for the community.
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