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Preface

With the increase of population the cultivable land is decreasing steadily. As a result, people are forced to cultivate land with seasonal cultivation. The result is accelerated soil erosion, loss of soil fertility and ecological disaster. To match the human need with ecological balance and sustainability, certain sloping cultivation techniques are proposed in this booklet.

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

1. Introduction

According to the land-capability classification, all land classes beyond the class IV are unsuitable for cultivation. The most important among the many factors that limit the suitability of the land, the most important is the steepness of the slope of the land. Lands having more than 15% slope is marked as unsuitable for cultivation of seasonal crops which require frequent tillage. To an ordinary person the term 15% slope may not be understood in a practical sense of the word. A land which bas one metre vertical depth on the slope for every 6.66 metre horizontal distance has' 15% slope. In other words if we cut a vertical profile of one metre and level the cut portion, you will get a horizontal base of 6.66 metres on a land of 15% slope. However in India a vast tract of cultivated land is beyond this permissible level of slope for cultivation because those who cultivate this land have no other means for living.

At a time of rapidly increasing world population and food shortage, people are cultivating the lands even up to 60-80 degree slope. Hence it is even more obvious now that every effort be made to protect the soil in order to increase food production. It is inevitable that there will be a marked increase in production in areas of the world practicing traditional subsistence forms of agriculture especially on the sloppy lands.

As soil erosion is a crucial problem the remedy lies in the application of soil and water conservation practices through a soil conservation programme. However the farmers themselves have to carry out the necessary practices on their land as part of their farming system. For this purpose they need assistance through education, survey, machinery services, credit facilities and perhaps subsidies because even the simple practices need skill, knowledge and equipment which they may not have while the more complex practices need extra power and finance beyond their normal resources. Therefore there must be an organization to provide the education and other practical assist1mce necessary through some form of specialized services such as soil conservation services. But once the properly planned soil conservation structures are established it will be very easy to manage the cultivation properly and without soil loss. Thus most of the dangerously cultivated slopes can be stabilized to some extend and economic cultivation can be continued for the livelihood of people. The slopping cultivation techniques consists of mainly three aspects: 1) structuring of the slope permanently 2) adoption of agronomic practices suited for the cultivation of the slopes and 3) mechanical measures.

II. Structuring of the Slope

To cultivate any piece of land which has considerable slope we must first of all make permanent structure on it according to a suitable design developed based on the nature of the land. The permanent structures on a sloping land include a path or a road to move up and down on the slopes, soil conservation structures, farm houses including houses for people and animals, drainage channels, water collection ponds, composting boxes or pits, perennial trees, orchards, etc.

A. Paths

A well laid out path with proper drainage system will help in easy movement of people and animals on the cultivated slope causing least disturbance to the soil. Generally paths and roads becomes channel for rain water flow. Uncontrolled rain water flow results into gullies and nallas causing irreparable damage to the land. A zig-zag shaped path design with a maximum of 1:10 gradient would be the best for easy movement on the slope. The layout should be such that it should reach anyone to every part of the farm.

B. Farm houses

If there are any farm houses, they should be built as far as possible on the least cultivable land and on a higher spot from where one can have a better supervision of the land. In areas where people live in villages and have their cultivated land far away from houses may not be present on the land or it may be very meagre. However even when people live in the villages it is highly advisable to have a small farm house on the cultivated land and keep as many animals as possible and start staying at least during the cropping season. Having farm animals housed on the farm one will be able to utilize the animal shed waste to the maximum with minimum loss.

C. Soil conservation structures

Various techniques of soil and water conservation practices are explained in the booklets Nos. 47 & 126 published earlier. Soil and water conservation techniques are practically the same if one can adopt anyone or few of these techniques it will be very helpful to conserve soil. Further some more additional soil conservation techniques are explained under the biological methods and the mechanical methods of sloping cultivation described in this booklet.

1. Biological methods

The biological method consists in planting sets of two or more closely planted rows of trees on contour lines at suitable width on the slopes. The land space between two sets of rows of trees is to be used for cultivation and the space between the closely planted rows of trees does the function of contour bunds or walls. The distance between trees in the same row and between rows should be around 2-4 feet. Normally three rows of trees will be sufficient to make one set.

In the first year plant the trees in contour lines leaving land space in between two adjacent sets of rows. The more the slope lesser will be the distance between the sets of trees and vis-a-vis. In a set the trees on the second line should be planted in such a way that it forms an equilateral triangle with trees on the first and third line.(See the Figure no. 1)

1st row 
 T      T      T      T      T      T      T      T      T      T 

2nd row   T      T      T      T      T      T      T      T      T      T

3rd row 
T      T      T      T      T      T      T      T      T       T

Figure No.1. Arrangement of trees in the rows

Care should be taken that all the trees planted survive by the end of the second year. These trees, when they are fully grown, will act as barrier to the soil erosion just as the contour bunds do in the case of mechanical soil erosion control. The land space between these sets of trees are cultivated under the various suitable contour cultivation methods which will be explained in the following part of this booklet. As the land is cultivated the stones and small bolders are collected and piled up between the trees in the rows provided the trees are sufficiently grown up. The trees will act as a support to the stones accumulated in a contour line. If uncultivable soil, gravel, pebbles, wood etc. are available, they also can be placed along with stones. All these are done during the course of subsequent years of cultivation.

If the trees are sufficiently big and there is under space between trees some suitable bushes also can be grown between the trees to improve the soil conservation effect of the rows of trees. Eventually each set of the rows of trees will act like living barrier or bund preserving the soil on the upper cultivated strip of land cultivated. The cultivation on the land is done always beginning from the lower side of the strip and turning the soil towards the lower side. If this process goes on for several years the cultivated land will slowly become leveled or the slope will be considerably reduced. This method of farm structuring requires long term advanced planning and needs several years to establish it.

2. Mechanical Methods

Mechanical methods are permanent structures made on slopes to control oi1erosion. They are of various types.

a. Waterways and gully control

Waterways are widely used in soil conservation practice to conduct run-off safely to a larger drainage way. They serve as outlets for diversions, graded channel terraces or some types of bench terraces. However, even if no specific terrace system is in use or contemplated, there will be run-off to be disposed off safely.

Natural drainage ways well covered with grass generally form the best and the cheapest waterways. In planning a soil conservation system consideration should therefore be given to utilizing natural depressions for the disposal of water. The depressions usually have more gentle slopes and deeper soil to foster natural or planted vegetation. If diversion channel and graded terrace system are to be used some of the minor drainage ways may be eliminated in the design, and thus less waterways will be needed. Sometimes it may be possible and convenient to shape a gully, plant it with grass and use it as a waterway. This is one way of saving gullies from further deterioration.

If run-off from diversions and terraces has to be concentrated into a natural drainage way it may be necessary to increase its capacity by shaping. If no suitable natural drainage is available then artificial one may be constructed. In order to handle the volume of runoff, waterways should be wide enough and shallow enough to allow the water to flow in a thin sheet. The steeper the slope the wider they should be in order to spread the water and retard velocity.

After the waterway has been shaped, the soil should be fertilized with organic or chemical fertilizers and seedbed is prepared. The main problem is to get the channel covered with growing vegetation as soon as possible. Quick growing annual grasses may be sown as a temporary measure in addition to establishing locally adapted grasses, by planting spot sodding (Cynodon dactylon -Bermuda grass will grow in most places). Under different conditions it may be necessary to exclude water from entering the waterway until the vegetation is well established.

b. Land smoothing

Land smoothing is often called land forming and grading, it is incorrect to call it land leveling. The objectives of land smoothing is to produce a surface with a continuous slope. Where surface drainage is needed, the grading of the land will cut down the small ridges and high spots in fields and fill in the depressions. Such operations will result in better drainage and better use of land. Crop yield will increase where formerly they either failed of were depressed due to flooding and lack of drainage. Smoothing requires going over the land several times with a land smoother or land plane.

c. Land leveling

Land leveling has been related to bench terrace systems. By leveling the land, water from rainfall is more uniformly stored in soil, erosion is minimized and crop production is more uniform on the entire field.

d. Terracing

Soil conservation terraces are artificial earth embankments or combined channels and embankment constructed across sloping land at fixed vertical intervals down the slope, The most ancient forms of these earthworks, still widely used in many parts of the world today, are bench terraces. Terraces cut sloping land into narrow segments, the effect of which is to reduce the length of slope.

Channel terraces are constructed on the contour to impound rainfall and run-off and encourage the water to infiltrate into the soil. Channel type terrace with a gradient intercept and dispose off excess rainfall and run-off to outlets at safe velocities. There is no loss of land with certain channel type terraces because the whole of the terrace is shaped so that it can be cultivated and cropped, in contrast to bench terraces. However, channel terraces of this type are limited to much more gentle slopes. Terraces which are constructed by labour or machinery are expensive because of the earth moving involved. The design layout and subsequent construction must be done accurately, and then the finished work must be maintained. More damage can be caused to the land by improper spacing and inaccurate survey. If there are low spots, water will accumulate in these areas and may cause the bank to break. As soon as one bank is broken water rushes through and adds to the pressure on the weak parts of the next terrace down, which in turn gives way to water. The end result may be the breaking of soil terraces in the system and the formation of gullies.

Terrace system, to be successful, must be part of an overall soil conservation and water disposal (drainage) plan in the whole of the catchment. The plan must include all terraces that may be constructed at a latter date. This means that comprehensive terrace system can only be applied either on very large individual farms, or, as in the case of contour strip cropping, with the agreement and participation of all the farmers.

Great caution needs to be exercised in the selection of terrace systems as a means of soil conservation. There is not only the problem of cost to consider but also whether terraces are really necessary. In areas of high population pressure and steep slopes, there may be no alternative to bench terraces as many indigenous people have already discovered for themselves. In any case the more modem type of channel terraces are not practical on slopes above 20 to 25 percent. Therefore, every other crop and soil management practice or combination of practices which are simple and less expensive should be applied first. Ploughing should be parallel to the terraces. Ploughing across terraces up and down the slope, fills the channels and destroys the ridges. Ploughing parallel to the terrace so that the dead furrow falls in the channel and a back furrow on the ridge, keeps the channel open the builds up the ridge. In this way, well built terraces can be kept to proper size, and terraces slightly under size can gradually be built up.

If terraced fields are ploughed properly, terrace maintenance becomes a part of the regular tillage operations and not a special maintenance job. Fresh fills in the ridge may have settled unevenly, and the low spots thus formed should be built up. This work can best be done before ploughing so that the repaired spot will be smoothen up in ploughing and harrowing.

The ultimate objective of all terraces is soil conservation. This objective is achieved by terraces that provide for the interception and diversion of runoff or the impounding surface runoff for increased absorption. From a functional aspect. terraces are classified as (i) interception and diversion type and (ii) absorption type.

When the construction characteristics are considered, it is found that a well constructed channel somewhat below the original ground surface is the most dependable structure for intercepting and diverting runoff, whereas a ridge constructed well above the original ground surface, with as little channel as possible, is the best structure for impounding runoff for increased absorption over a wide area above the ridge. Generally terraces are classified as (i) the broad base channel type (ii) the ridge type, and (iii) the bench terrace, which is some time used on steeper slopes. Cross sectional dimensions of terraces differ throughout the country according to the soil, terrain, rainfall characteristics, and types of machinery to be worked over them.

i. Broad channel terraces

Broad channel terraces acts primarily to conduct excess rainfall from the fields at non-erosive velocity, since at low velocity surface removal of excess rainfall is required, the channel and not the ridge is of primary importance. A wide, relatively shallow channel of low gradient that the gentle side slopes and ample water capacity, will give the most desirable results.

The excavated earth is used to bring the lower side of the channel to a height sufficient to provide necessary capacity. A high ridge is not desirable since it seriously interferes with tillage operations, increases construction costs, and frequently requires for its formation a large part of the top soil scraped from the field. In broad-channel terrace the ridge should be considered as supplemental to the channel and should blend gradually into the surface slopes to afford a minimum of interference with machinery operations.

ii. Ridge terraces

Erosion control of ridge terrace is accomplished indirectly by water conservation. In order to increase absorption the terrace is constructed so as to collect runoff over as wide an area as possible. If this to be done most effectively the surface slopes on which the terraces are built should be fairly flat, the ridge should be at sufficient height to pound water over a relatively large, surface, and the earth required for the ridge so excavated as to avoid concentration of run-off on a small area.

Ridge terraces are adapted to low rainfall areas and to soils that absorb the accumulated run-off fast enough to prevent damage to growing crops. The ridge terrace may also be used with considerable success on certain areas of sandy soils and gentle slopes where the rainfall is heavier, such as sandy coastal plains.

iii. Bench terraces

Bench terracing is one of the oldest mechanical methods of erosion control having been used for many centuries in thickly populated countries where economic conditions necessitated the cultivation of steep slopes. It consist principally in transforming relatively steep land 20 to 50 percent slopes into series of level or nearly level strips, or steps running across the slope.

The use of bench terraces on steep slopes not only retards erosion losses but it also makes cropping operations on these slopes safe and possible. Whenever there is absence of adequate flat land, or adaptability of particular slopes to high income crops necessities the cultivation of steep slopes, the bench terrace will probably continue to be used.

The water disposal outlet is constructed of masonry, wood, or some other material, if additional protection is needed due to the high velocity of the water. If the slope is not too steep, and the disposal ditch can be widened, the area can be stabilized by the planting of certain grasses, legumes, certain types of vines.

III. Terracing and Cultural Practices

There is a close relationship between the width, or the design of the terrace and the cropping practices adopted as well as the tillage equipments used. While terracing the land consideration should be given to the type of cultural practices and equipments used should be kept in mind. But in many parts hand implements are used. Hence the following description may not be applicable to them.

1. Tillage equipment and terrace design

In the development of terracing specification, consideration must be given to necessary tillage machinery operations. If the terrace spacing is too close or the terrace slopes too steep, the proper operation of tillage machinery becomes impractical. The minimum terrace spacing and side slopes that permit machinery on a terraced field will differ in different regions according to the size of machinery customarily used for the field work.

Major adjustments in standard terrace designs to allow for better operation of tillage machinery can not be justified because many of the initial difficulties in operating machinery on terraced land can be overcome or greatly diminished by proper operation of the equipment. The operation of tillage equipment on the contour or approximately parallel to the terraces not only reduces soil movements between terraces but also aids materially to terrace maintenance and eliminates many of difficulties in operating tillage machinery.

2. Cropping practices and terrace design

In order to determine what alternative a particular cropping practice will permit in terrace design specifications it is necessary to consider the protection it will afford during a complete rotation and rainfall cycle. The degree to which the crop protects the soil during seasons of intense rainfall are of particular importance.

The primary purpose of using good cropping practices on terraced land is to improve the soil fertility, reduce, the annual soil movements between terraces and minimize terrace maintenance, rather than to permit major adjustment in terrace specifications.

IV. Methods of Sloping Cultivation

After the land is permanently structured any or a combination of methods of sloping cultivation can be practiced. The most common sloping cultivation techniques are classified as agronomic and mechanical. They are explained in the following pages. In many respects these methods are the same as the ones explained in booklets No. 47 and 126 about which mention is already made.

A. Agronomic measures

Agronomic measures for sloping cultivation help to intercept rain drops and reduce the splash effect. This also helps to obtain a better intake of water rate by the soil by improving the content of organic matter and soil structure, also retard and reduce the runoff. There are three general types of agronomic measures for sloping cultivation. These techniques are used in the same strip between two sets of trees if it is very wide or in different strips on the slope if they are narrower. From the following details the fanner should be able to decide which type of agronomic practice is suitable for his land. The common agronomic measures are: l. contour farming, 2. strip cropping and 3. mixed cropping. They are explained briefly here.

1. Contour farming

Contour farming is a practice of cultivating crops or operating farm equipments across the slope. This method helps to conserve soil and water because each row acts as a barrier to the flow of water. Cultivator and other tillage machine, as it works across the slope, makes numerous “micro checks dams” which holds water and reduce runoff.

Experiments shows that soil losses on 4 to 6 % slopes are reduced 50 % by contour farming. The loss of water through runoff is also cut by one half. Since moisture is often the limiting factor in crop production, yields are also increased by contour farming.

Contour farming reduces soil loss on any degree or length of slope on 4 to 6 % slope with proper rotations it controls erosion on lengths up to 300 feet. On steeper slopes, the maximum length on which contour cultivation is considered effective is 200 feet on an 8 % slope, 100 feet on a 10 % slope, 80 feet on a 12 % slope and 60 feet for more steeper slopes. Apart from conserving the water and soil, contour farming conserves soil fertility and increases crop yields.

Much less power is required to be exerted by man, animals and machines, if the cultivation is done on the contour instead of up and down the slope. There is less wear and tear of the implements and the same job is done in less time when contour farming is practiced.

To layout a contour, the first line, is laid out at the eye level or about 1.5 feet vertically below the top of the hill. Generally it is good to lay them in line with about a 0.5 % slope towards a waterway. Crop rows which follow it, sbould be planted up and down bill from the line. When rows deviate from the contour more than 3 % for a distance of 50 to 100 feet, a new line should be established about 4.5 feet vertically down bill. A turn strip should be provided at the end of contour rows.

2. Strip cropping

Strip cropping is the practice of planting alternate strips of close growing meadow and row or grain crops on the contour across the slope. The soil Joss on a strip cropped field is 25 to 30 % of what it would be if cultivation was up and down the bill.

Strip cropping for soil erosion control is used mainly on slopes too steep to terrace with conventional broad-base terraces, and in areas which have to grow large amounts of bay. Since grass or legume crops are needed on every other strip to control erosion, the strip cropped fields will contain at least 50 % grass or legume strips. Farmers sometimes object to strip-cropping because large proportion of grass strips has to be maintained when they wish to grow grain crops. Strip cropping, to control erosion by runoff, derives its effectiveness from two factors: (a) the slowing down of runoff through the close growing sod strip, and (b) the increased infiltration rate of soil under sod cover which will reduce the total run-off. As runoff is slowed, or the amount is reduced sediment from the row crop strip is deposited in the grass strip.

The width of strips should be adjusted to provide a multiple of the number of rows handled by the equipments used in farming. For example if the implement covers 10 rows of crop covering a width of 10 ft then the width of strip should be either  20,30,40,50,60,70,80,90,100 feets. Table 1. provides a ready reckoner to decide the width of strip based on the percentage of slope.

Table 1: Recommended strip width on crops percentage basic

	Sl.No
	Slope percentage
	Strip width

	
	
	(Feet)
	(Meters)

	1
	2-5
	100-110
	30-33

	2
	6-9
	80
	24

	3
	10-14
	70
	21

	4
	15-20
	50
	15


The following are the types of strip cropping that can adopted on a slopping land. They are: a) rotational field strip cropping, b) buffer strip cropping, c) contour strip cropping and d) wind strip cropping

a. Rotational field strip cropping

Rotational field strip cropping is one in which different crops are cultivated on different strips in rotation. The strips are maintained in countour lines. It may be employed to maintain soil fertility as well as to control soil erosion. To facilitate rotation the width of grass and arable strips should be equal. On relatively flat land, this system may be used to control wind erosion by orienting the strips at right angles to the prevailing wind. It can also be used to control rainfall erosion on sloping land by laying out the strips approximately along the contour or across the slope. The grass absorbs rainwater and slows-down the velocity of runoff.

If the cultivated strips are too wide and the slope too steep, then cultivated strips may themselves will suffer from erosion due to rainfall and the soil removed will be deposited along the top portion of the next grass strip forming a band or terrace bank.

The width of strips depends on factors like absorptive capacity of the soil, density of grass growth or cover, intensity of rainfall and slope. On an average the width of strips vary from 10 to 20 metres and are considered suitable up to 5 % of slope. This system may be successful on slopes greater than 5 % slope if good farming is practiced and other supporting measures such as mulching and tied ridging is employed. It is simple and inexpensive to apply, using normal hand cultivation methods, animal powered equipment or tractors etc.

The cultivated strip may be cropped for one to two years, then the grass strip is cultivated and the previously cultivated strip may be left as fallow or is planted with a grass or grass/legume mixture. As cultivation is done across the slope and approximately on the contour a degree of protection is afforded by the furrows during the vulnerable period. Additional protection may be given by tied ridging which is explained under mechanical measures. A terrace bank can be build up by laying crop residues along the bottom end of the cultivated strip where it joins the fallow strip.

This system of rotational strip cropping limits the period of fallow even though this is a great improvement over a traditional shifting cultivation system. If terraces are deliberately allowed to develop, the grass fallow may be eliminated. The soil will be stabilized through the gradual reduction in slope on the farmed area.

The grass strip can be utilized by adapting the system to mixed farming crops and livestock. The grass strip can be grazed, cut green for fodder or be made into hay. Livestock need to be prevented from wandering in the growing crop in the cultivated strip.

b. Buffer strip cropping

Buffer strip cropping differs fundamentally from rotational field strip cropping in that the grass strips whether natural or planted are usually permanent. This system provides a degree of erosion control, while most of the arable area may be cropped, because buffer strips are rarely more than 1 to 3 metres wide. These narrow strips have limitations in. controlling erosion because runoff and silt may penetrate through to the cropped area below. They can be made more effective by planting strong dense growing grasses such as Panicum maximum, supported by a trash carrier along the upper edge of the grass strip. This will allow some water to percolate through and silt will be held back.

c. Contour strip cropping

Contour strip cropping refers to a system of farming which includes three main elements: (i) all strip cropping of whatever kind of cropping is done as near as possible on the contour. (ii) tillage and planting are done on the contour, (iii) the crops may be rotated on the same strips or between strips, or both. The use of suitable survey equipments trained personnel are desirable to lay out the contour lines and skilled tractor operators are required to do the cultivation. Contour strip cropping has been used with success on steep slopes in various parts of the world.

Contour strip cropping combined with crop rotations, proper use of fertilizers and manures, cover crops and the growing of legumes is usually an effective soil and water conservation system. The contour farming alone even without any barrier strips reduces soil loss by 50 % on slopes of 4 to 6 %, and the loss of water through runoff is also cut by half.

For mechanical cultivation, the width of strips should be adjusted to provide a convenient width for working of the farm machinery. In practice the width of strips vary according to soil, climate and slope, and other local conditions. Therefore, it is not possible to arrive at a universally applicable formula for designing width of strips, but table: 2 may be used as an initial guide line for soils that are fairly permeable.

In areas of traditional farming and shifting cultivation in the developing countries the vast majority of farms are small and fragmented. Therefore the application of comprehensive contour strip cropping depends on the agreement and co-operation of all farmers in the area concerned. It also involves a change from non-continuous to continuous form of agriculture, acquisition of some technical knowledge and co-operative use of farm machinery.

Table 2: Guide to strip widths

	Sl.No
	Slope
	Strip width (in cm)

	1
	2-5
	30-33

	2
	6-9
	24

	3
	10-14
	21

	4
	15-20
	15


The benefits in the form of soil and water conservation and increased crop yield may be great compared to the cost. There is no increased cost to the fanner except in laying out of the contour lines, and in most cases this should be done for him by the local extension or soil conservation services.

d. Wind strip cropping

It consist of planting tall growing crops such as jowar, bajra and maize and low growing crops in alternatively arranged straight line, but relatively narrow, parallel strip laid out right across the direction of the prevailing wind regardless of the contour.

3. Mixed cropping

The main reason for the lack of interest in strip cropping in India is the small size of holdings of the fanners. Instead, the Indian fanners have been interested in mixed fanning 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 a complete protection against soil erosion and the assurance of the one or more crops to the fanner. The roots of various Species in a mixed crop take nutrients at different depths in soil.

Improvements in the soil practice of mixed cropping tend towards the rationalization of the mixtures with respect to composition and content and towards better arrangements than from the usually medley of crops. The line sowing of mixed crops gives rise to the practice of intercropping.

B. Mechanical Measures

Mechanical measures playa very vital role in sloping cultivation in agricultural land. They are adopted to supplement the agronomical practices when the latter alone are not adequately effective. These are not permanent structure. Any permanent structure comes under the structuring of land. Mechanical measures are of the following: (I) Listing or ridging, (2) Basin Listing or tied ridging, (3) Subsoiling and chiseling, (4) Graded furrows, (5) Diversion terraces, (6) Waterways and gully control, (7) Land smoothing, (8) Land lev~ling, and (9) Terracing.

1. Listing or ridging

Listing or ridging are terms used to describe the formation of alternate furrows and ridges on the land. When listing or ridging is done on the contour it helps to conserve soil and water. When small darns are created at intervals in the furrow it is known as listing or ridging. The ridges are made by using hand hoes, animal drawn ridging bodies or tractors fitted with ridging equipment.

2. Basin listing or tied ridging

The objective of basin listing (also called tied ridging, furrow blocking, furrow darning, furrow dicking, etc.) is to hold rain water in place where it falls until it infiltrates into the soil. If the water is held in place, there is no runoff and therefore, no erosion due to running water. However, some of water is lost due to evaporation.

3. Sub soiling and chiseling

Sub-soiling or deep sub-surface tillage is some times necessary to breakup hard pans, either natural ones or those developed by continuous ploughing at the some depth, to improve soil permeability and to promote plant root growth. For deep sub-soiling powerful machinery with knife type or chisel tines are required which can penetrate up to 30 to 45 cm deep, or a gyro-tiller which can stir the soil up to 75 cm. It is done for reduction of runoff and control of erosion on sloping land by sub-soiling across the slope or on the contour.

4. Graded furrows

In contrast to furrows on the contour, which are intended to minimize runoff and erosion, graded furrows are designed primarily to convey excess water safely from fields with minimum erosion and little storage of water in the soil profile.

5. Diversions

A diversion may be defined as an individually designed temporary channel constructed across the slope to convey water to a safe outlet. It is used primarily for two purposes, (a) to divert run-off water from a hillside, (b) for diverting water out of active gullies into a safe outlet.

The diversion is also coming into use in connection with strip cropping. In such a case, it reduces the slope length, thus increasing the effectiveness of strip cropping as an erosion control measure. A diversion may also be desirable above a terraced field.

One of the major factors limiting the use of diversions is the deposition of sediment in the channel. A diversion should not be used below cropped areas unless adequate measures are taken to control erosion and thus reduce the sediment load of the water

flowing into the diversion.

V. Conclusion

Sloping cultivation is a combination of a number of practices derived from various disciplines such as agronomy, agricultural engineering, soil conservation, agro forestry, farm forestry, etc. Hence it is a complex and difficult practice for people to implement. Besides for stabilization of the slope takes at least five years during which time the farmer is unable to utilize his land to the maximum.
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