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CHAPTER 5.III

Limiting Degradation Caused
by Soil Erosion

N. W. HUDSON

There is a world need for more production of food and other agricultural
products. This chapter discusses how land degradation resulting from soil
erosion can be avoided or reduced.

5.111.1 REVIEW OF THE PRESENT SITUATION

5.111.1.1. Pressures Leading to Unwise Land Use

Increasing pressure on the land as a result of rising populations is a world-
wide problem. The long-term effect can be clearly seen in India, where
a high density of population on all the arable land over a long period
has resulted in the land being severely degraded, and the fertility reduced to
the point where it has stabilized at a very low level of production. In the
Deccan Plateau of Central India on fertile soils derived from basalt, there are
millions of hectares where cultivation began many centuries ago, and the soil
loss can be measured in metres rather than millimetres.

Land hunger and the need for food tempts us to take cultivation into
marginal or unsuitable land. A notable example is the steady climb of
cultivation into increasingly unsuitable mountain slopes. This is particularly
true in the humid tropics, and alarming destruction is occurring as a result of
the spread of small-scale peasant farming into land which cannot possibly
support this use in the long term. Examples are the spread of cultivation up
the mountain slopes in central Java, in the Machakos and Aberdare Districts
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of Kenya, the lower Himalayas of India and Nepal, and the Andes in South
America.

There are other examples of land which is vulnerable to damage if used too
intensively.

Soils rich in organic matter (peat or muck soils) can have a high initial
fertility reduced very quickly if the rate of oxidation is increased by culti-
vation, whereas they could remain stable almost indefinitely under pasture or
woodland. Similarly, the highly-organic soils accumulated under forest can
degrade rapidly when cultivated. The limitation may be purely physical-such
as a shallow depth of soil which is adequate for grazing but not for cropping;
or the limitation which makes the land vulnerable to degradation could be
climate, such as low or erratic rainfall. The man-made dustbowl of America in
the 1930s is an example of unwise and unsuitable land use leading to damage,
and the situation is being repeated in the Sahel region of northern Africa
where the combination of unreliable rainfall and over-stocking is leading to
irreversible damage.

Pressure on the land can also lead to unwise speculative use. There are
many examples where flood plains are being used for farming, or even for
housing, in spite of a known history of floods. In the centre of Dehra Dun in
India, shacks are built and crops planted on land where the return period of
complete inundation by flooding is only about 5 years.

Some forms of land tenure may lead to unwise use. Communal ownership
can lead to mismanagement, particularly over-grazing by cattle, or the
over-enthusiastic removal of firewood. Share cropping or short-term tenancy
may encourage damaging exploitation.

Economic pressures may result in unwise land use, and this is not limited to
developing countries. Shrader (1975) gives a clear picture, of this occurring in
the Mid-West of the USA as a result of economic forces in the 1970s. Up to
1973 the area of erodible land under cultivation was declining because it was
not profitable to farm it. Then large increases in the price of maize, wheat,
and soy-bean brought large amounts of low-quality land into production.
The Soil Conservation Service estimated that of the 3.8 million hectares
brought into production in 1974, nearly one-half was land subject to severe
erosIOn.

In addition to personal or family needs, national requirements can result in
conflict between the long-term objective of maintaining the country's land
resource base, and the more im.mediate requirements of self-sufficiency.
Another national dilemma is the choice between growing cash crops to earn
foreign currency or using the land for food production. The understandable
desire of national governments to ~ncrease food production can lead to
excessive pressure on the land (Dudal, 1981).
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5.111.1.2 Need for Planning the Use of Land Resources

There is a wide variation in the extent to which countries plan the use of their
resources. The sensible approach is to undertake an inventory of the land
resources available, and then use a systematic planning method to make the
best use of the resources. Some case studies of planned implementation of
agricultural development schemes which include soil conservation are dis-
cussed in section 5.IIL3. In countries which do not yet .use a systematic
classification and planning approach, a lack of suitable existing methods is not
valid as an excuse. There are many good schemes which can serve as a base,
perhaps with some local modifications. .

Where pressure on the land is not severe it may be possible to make
assumptions, such as that the land will not be cultivated if it is steeper than
some specified limit. In this situation the USDA land capability classification
system is extremely useful, possibly with some local variations such as have
been made when using this system in Zimbabwe, Zambia, Malawi, Israel, the
Philippines, and some Australian states. In other cases the US capability
classification has been merely used as a starting point and its concepts applied
in a different manner. For example, the system used in Thailand is similar to
the USDA but also includes classification of wetlands for paddy, while in
Bangladesh the suitability for paddy dominates. The basic principle is simple
but important: land is ranked according to how high it comes on the scale of
potential productivity which can be achieved without excessive risk of ero-
sion, and then suitable soil conservation practices are recommended for each
class of land and for each form of land use. The US system and its derivatives
have soil erosion as the main limitation, but other constraints can be included,
such as wetness or salinity. Other objectives can also be included, such as
suitability for forestry, or-as in the Malaysian approach-the mining poten-
tial. The major difficulty of the USDA system is that it excludes steep land,
and so it is not appropriate in much of the humid tropics. However, for this
situation there is an alternative classification designed by Sheng of FAO,
which gives recommendations for land use and soil conservation practices for.
any slopes (Sheng, 1975). When neither of these systems is suitable as a
starting point for developing a local method, there is the FAO Framework for
Land Evaluation which merely defines the principles that serve as the
framework, allowing an infinite number of classification or suitability systems
to be built upon the framework (FAO, 1976).

It is interesting that a quantitative and systematic inventory of actual and
potential land capability at regional or district scale shows up the cases where
over-intensive use is causing degradation, but it usually also shows that other
areas are being under-utilized. The Agro-Ecological studies by FAO (1978)
combine climatic data with the world soil map to provide a large-scale
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inventory of agricultural capacity. These studies are revealing that in some
countries there is unexploited potential, particularly in Africa.

5.111.2 APPROACHES TO THE CONTROL OF SOIL EROSION

In the world today there is a wide understanding of the need to conserve soil,
and there is a wealth of knowledge and experience of the methods that can be
used. There are some weak points in our knowledge, but these are less
important than the gaps between what could be done and what is happening
in practice. This section analyses some of the difficulties and constraints, not
to emphasize their importance but to show how they can be overcome.

5.111.2.1 Policies and Strategies

5.111.2.1.1 Political Policy for Soil Conservation

Most politicians and political parties pay lip service to the idea of good
husbandry and the conservation of natural resources. In practice, soil conser-
vation programmes are less attractive to the voters than programmes to
build roads or schools, so the situation in many countries is that plans are
made for the conservation of natural resources but there is not the political
will to translate them into effective action.

There can be a conflict between the short-term objective of national
self-sufficiency and the long-term objective of maintaining the country's land
resources (Dudal, 1981). The understandable desire of national governments
to increase food production can lead to excessive pressure on the land.

Many developing countries have a historical legacy of lapd reserved for the
use of some agency or power, whether it be a colonial regime or a feudal
system or a sovereign state. Although the reservation was often to preserve
the income or power of the ruling elite, there are also many examples where
the land was deliberately witheld from development because it was ecologi-
cally unsuitable. A corollary to tolerating encroachment is the policy of
allocating land to non-landowners. In India the declared policy is 'land for the
landless', but the policy is not realistic because the land has been intensively
farmed and settled for centuries and there is no reserve of arable land that can
be allocated.

5.111.2.1.1 Strategies for Soil Conservation

There are several possible approaches to the task of putting soil conservation
into practice. The simplest is the concept that soil conservation is such 'a good
thing' that it is only necessary to show people what to do and they will start to
do it. In this scenario, once the technical knowledge is available, all that is
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required is education and extension. This has been actively practised in the
USA for several decades. Even there, success is not universal and this
approach has limited application in developing countries. The conservation
message must be right for the time and place, and important changes have
taken place in the last 50 years. For example, ploughing and cultivating on the
contour is now generally accepted as common sense, but it was a revolution-
ary idea in the 1930s. Also, the image of soil conservation in the 1930s was
dominated by engineering works, whereas today conservation is much wider
and assumes that engineering works are just one of the tools used to support
sound land use and good husbandry.

Another approach is to use financial incentives to encourage the implemen-
tation of conservation works, for example by payment of subsidies for the
construction of approved works. Some care is needed to avoid the situation of
wealthy farmers on good land being subsidized in their conservation pro-
grammes, while more urgently needed works on marginal land are not built
because the farmers cannot afford to build them, even with a government
subsidy.

The combination of persuasion, education, and financial incentives is some-
times referred to as the 'green ticket'. This is in contrast to the 'red ticket'
which is based on penalties. These might be the withholding of benefits until
certain conservation practices have been adopted, or the use of legislation to
prohibit undesirable practices, or to enforce those considered desirable. There
is now sufficient evidence for us to reject the red ticket strategy as impractical
and unworkable, although recent legislation in the United States combines
withholding of benefits with other financial incentives. In general, to be
effective any strategy for soil conservation must have popular approval-that
is, it must be a bottom-up movement, not a top-down instruction.

5.111.2.1.3 Social Constraints

The social system may impose stresses on the land resource or constraints on
the application of soil conservation. In many countries there is the cultural
ethic that everyone has an automatic right to own land, particularly in
situations where there has in the past been both sufficient land for everyone
and little alternative employment other than in agriculture. However, with a
constantly expanding population, this ethic results in increasing pressure on
the land, with the danger of over-use.

Another cultural practice which can lead to inefficient land use is the
fragmentation which results from dividing an inheritance of land when it
passes to the next generation. Extreme examples of this are seen in Indian
villages where a family may own many small parcels of land, each too small
for efficient cultivation.

It is a fact of life that humans are gregarious and do not like to move from
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their accustomed environment. An example comes from Indonesia. Java is
extremely crowded, and erosion in the mountains is very serious; but the
outer islands have vast areas of undeveloped land, much of it with good soil
and good rainfall. The Government's transmigration plan aimed to reduce
land degradation in Java by a large-scale transfer of population to the other
islands, but it has been disappointingly ineffective.

5.111.2.1.4 Paying for Soil Conservation

A major difficulty in justifying expenditure on soil conservation works is that
payment has to be made today, but the benefits accrue in the future. Also, it is
difficult to use conventional accounting procedures (such as cost-benefit or
internal rate of return) to justify soil conservation works, because it is difficult
to assess the future value of the soil that is saved today. Another difficulty is
deciding who benefits and who should pay, particularly in the case of off-site
damage. An example comes from India, where over-grazing and over-
cultivation in the foothills of the Himalayas results in flooding and inter-
ference with irrigation and hydroelectric power 1000 km down the River
Ganges. The peasant farmer in the hills may be the basic cause of the
problem, but he cannot afford to do anything about it. However, the money to
meet the cost of conservation works must come from somewhere, so the
question is how to distribute the costs. In this case the increased cost, or the
cost of corrective measures, has to be passed on to the consumer or be borne
by the state. The division of costs will vary in different countries. In a wealthy,
developed country it is reasonable that there should be a significant contri-
bution by the landowners or the land users. But in countries where the farmers
are poor, their ability to contribute towards the cost is low or non-existent. In
this case the answer has to be that it is in the long-term interests of the state
that the soil should be conserved, so the state should pay. Governments and
development agencies recognize that some programmes are desirable even if
they do not show an immediate cash profit; for example, improving the
nation's health or strengthening its education. Soil conservation has to
become equally accepted as an investment for the long-term benefit of the
nation.

5.111.2.2 Tactics and Techniques

A most important principle of soil conservation tactics is that the construction
of earth-moving protection works can never be a satisfactory solution in
isolation. The first requirement must be appropriate land use, using some
form of classification to identify the restrictions and the dangers. Equally
important is that mechanical conservation works must be accompanied by
good farming practice. This is little chance of someone inventing a magic
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conservation solution to keep erosion down to a tolerable level when the land
is used to grow clean-weeded maize on 40° slopes in EI Salvador, or bananas
on 45° slopes in Venezuela, or upland rice on 60° slopes in Northern India.

Soil erosion is influenced by the combination of many separate factors-
soil, climate, topography, land use, and farming practice. It is therefore
site-specific, and individual control measures that are appropriate and suc-
cessful in one set of circumstances cannot automatically be transferred. Each
situation requires a package of practices which together make up a farming
system which meets the local needs.

Some particular gaps in our technical knowledge can be identified. The first
is for information on physical conservation measures suitable for land steeper
than 10°. There have been some interesting field trials on bench terracing and
hillside ditches during FAO projects by Sheng (1975) in Jamaica, EI Salvador
and Thailand, and by John and van der Goot (1976) in Java. However, our
knowledge and experience could be improved, particularly on the difficult
question of how to get the surface runoff down steep slopes without expensive
structures.

The second need is for information on the reduction of erosion by crop
management alone, in situations where physical conservation works are not
possible. Two situations illustrate this point. In both EI Salvador and in Java,
peasant farmers cultivate holdings of 1 or 2 ha on 30° slopes with insecure
tenancy, and without either the ability or the incentive to construct bench
terraces or hillside ditches. The question is, 'how much can erosion be
reduced by contour planting, mulching, multiple cropping, or other
agronomic techniques?'.

5.111.2.2.1 Mechanical Soil Conservation Works

The description 'mechanical works' is not very satisfactory, but it is the
accepted terminology for conservation works which involve modifying the
land surface by levelling, the excavation of ditches, or the building of banks.

One of the most successful and widely used methods is the classical North
American system, developed and refined by the Soil Conservation Service of
the Department of Agriculture. There are three components of the protection
of a piece of arable land. At the upper edge of the land, a diversion drain
intercepts any surface runoff which would otherwise flow down from higher
ground on to the arable land. This is the first line of defence and vital to the
protection system since all the structures lower down are designed on the
assumption that it will divert all the runoff from outside the arable land. The
second component is graded channel terraces. There are many varieties, but
the basic principle is an excavated channel, with the soil used for a bank on
the downhill side, and the channel on a gentle grade so that runoff from the
arable land is drained away at non-erosive velocities. The third component is
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a disposal channel into which the water can be discharged from the diversion
drain and from the graded channel terraces. Natural watercourses may be
used, but an excavated channel planted with grass is more usual. Each of these
three components is a channel designed according to well-established design
procedures.

This system is only effective on gentle slopes, usually up to about 8° (12 %
or 15%), and on steeper slopes some form of terracing is usually employed.
There are many types of terrace for particular situations; their description and
design is documented in standard textbooks, such as that by Hudson (1981).
Bench terracing is the practice of converting a steep slope into a series of steps
with horizontal or nearly horizontal ledges, and vertical or almost vertical
walls between the steps. A great deal of earth-moving is required. Bench
terraces may be constructed on the contour to minimize runoff, or with a
slight gradient like a graded channel terrace. When used for cultivated crops it
is desirable for each bench to be as wide as possible, and this is determined by
the steepness of the slope and the soil depth. When regular cultivation is not
required, as for tree crops, smaller terraces will be equally effective and need
less earth-moving. These are usually called step terraces and are used for fruit
trees, tea and coffee.

If the soil is too shallow, or the land too steep, terracing the whole land
surface may not be possible. In this case the land may be developed for tree
crops by the use of intermittent terraces, sometimes called orchard terraces.
These are small terraces each carrying one line of trees. The land between the
terraces is planted to a close-growing cover crop.

Another technique for slopes too steep for bench terracing is hillside
ditches. There are many variations, the common feature being a ditch dug on
the contour to catch soil and water. A variation, used successfully on tea
plantations in Sri Lanka, is 'lock and spill drains'. These are ditches with an
uneven level in the bottom of the ditch, so that some water is held and can
infiltrate, but in heavy rain the runoff spills towards the outlet, which is
usually a stone-lined channel.

On gentle slopes (usually up to 2% or 3%) it is usually possible to control
erosion by carrying out all cultivation on the contour (contour cultivation), or
by growing alternative crops in strips along the contour (strip cropping), or by
dividing up the arable land with strips of grass laid out on the contour (grass
strips).

5.111.2.3 Implementation

In many developing countries the implementation of soil conservation policies
is inhibited by lack of money; in others the constraint is a combination of two
interconnected problems-the absence of a soil conservation department,



- -- -.

Limiting Degradation Caused by Soil Erosion 161

and a shortage of trained personnel. Because soil conservation involves so
many aspects of land use, it is not always obvious which arm of government is
the most appropriate to be responsible for soil conservation. Most commonly
it is the Ministry or Department of Agriculture; but the lead may rest
elsewhere, for example with Forestry in Indonesia, the Bureau of Soils in the
Philippines, the Prime Minister's Office in Malaysia, the Department of
Primary Industries in Queensland, Australia.

The multidisciplinary nature of soil conservation, and doubt about where
the responsibility should be placed, has in several casesled to the creation of a
special national organization, such as the Presidential Soil Conservation
Commission in Kenya and the Presidentially sponsored Greening Programme
in Indonesia. Even more common is the creation of a special cross-
departmental agency to carry out agricultural development and soil conser-
va:tion on a project basis. Several examples are discussed in the case studies
in section 5.III.3.

The fact that a nation which has severe erosion problems has not developed
a Department of Soil Conservation may also be the result of a shortage of
suitably trained specialists. As an example, 25 years ago, the Conservation
Service of one small British colony in Africa was recruiting and training 30
graduates every year, and a similar pattern existed in the African colonial
territories of France, Belgium and Portugal. Today it is doubtful whether 30
graduates a year go into soil conservation in the whole continent of Africa.
(This is in no way an apology or justification for colonial rule, but merely a
factual demonstration.) A study of the needs and opportunities for conser-
vation training for developing tropical countries defined six separate levels
and types of training, ranging from the experience-sharing workshop for
senior administrators to practical training for field operators (Hudson, 1982).
Although some training facilities exist for each of these six categories, the
only one which is adequately catered for is graduate study for teachers and
research workers through advanced university degrees which concentrate on
theory and research. Training programmes for conservation practitioners
which concentrate on 'how to do it' are few and quite inadequate for the task.
The shortage of trained personnel is therefore at least partly the result of the
absence of suitable training facilities.

5.111.3 CASE STUDIES

A selection of examples is chosen here to illustrate different aspects of
agricultural development which include land surface modification. The ex-
ample from China is bench terracing to reduce soil erosion in the loess plateau,
and illustrates land surfacemodificationon a massivescale.The examplefrom
Java also illustrates bench terracing, but incorporated into a programme of
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general agricultural development through watershed projects. The example
from Swaziland is another project approach to general rural development in
which land selection and physical conservation works are combined with
agricultural and non-agricultural facets of development. Kenya brings us an
interesting example of a grass-roots soil conservation movement arising from
the ashes of a colonial regime. From Australia we have, first, an example of
the integration of good farming practice with soil conservation procedures of
grazing land, and then the combination of good farming and soil conservation
on arable land.

5.111.3.1 Bench Terracing in China

The biggest demonstration of land surface modification is the building of
bench terraces in China. The Ye\low River has been known as 'China's
Sorrow' for thousands of years because of the damage caused by its floods. To
quote Lowdermilk (1953): 'Since the days of Ta-Yu, nearly 4000 years ago, the
battle of floods with this tremendous river has been lost and won time and
again'. The problem of flood control is enormously complicated by the very
high silt loads which have raised the river bed above the surrounding surface,
so that it requires an unceasing campaign of building dykes to contain it. The
main source of the silt is the erodible deep loess soils in the middle reaches of
the Yellow River. The loess plateau is 580 000 km2, of which 430 000 km2 are
severely eroded. The range of soil loss is 2000-20 000 tlkm2, and the average
for the whole of the plateau is 10000 tlkm2 (Robinson, 1979).

Conventional attempts at control of the floods have never been more than
teqIporarily successful, and so the strategy of the Yellow River Conservancy
Commission is to control the rates of erosion, and hence the sediment load in
the river. The construction of bench terraces has been carried out for
centuries, but the scale is now greatly magnified as a result of regional and
national conservation programmes. Much of the construction is carried out by
hand labour, but some interesting special-purpose machines have also been
developed to assist in the prodigious amount of earth-moving required. These
include soil-throwers using both rotating discs and moving belts to move large
quantities of earth sideways in a manner rather reminiscent of the American
Whirlwind Terracer of the 1940s. Other purpose-designed equipment
includes specially shaped dozer blades and large reversible ploughs, as
described by Fang Zhengsan et al. (1981). The programme ofterracing is also
linked to a general programme of development, including the planting of
grass and trees on steeper land which is withdrawn from cultivation, together
with gully control, check dams, and trapping of silt in basins for subsequent
cultivation. The introduction of more grass also encourages the development
of livestock .in an area which was previously predominantly used for cereal
production.



Limiting Degradation Caused by Soil Erosion 163

5.Ill.3.2 Watershed Management in Java

The population of Indonesia is not high in relation to the total land area; but
the distribution is extremely uneven, with very high concentrations on just a
few of the islands, particularly Java. As a result, the pressure on the land in
Java is resulting in severe deterioration, and the government has developed
several programmes to relieve the situation. One of these is the Transmigra-
tion Programme which aims to physically redistribute the population more
evenly by encouraging settlement in the outer largely unpopulated islands. A
second approach is the 'Re-Greening Programme' (perencanaan penghi-
jauan), which aims to encourage the establishment of several types of terrace
on arable land, the establishment of improved pastures on steeper land, and
the restoration of trees and shrubs on land taken out of cultivation. The third
approach, which shows the most promise, is the programme of 'Watershed
management and development'. This programme envisages a multi-
disciplinary approach to erosion control and agricultural development in
selected watersheds, with intensive programmes in selected sub-watersheds.

An interesting example is the Citanduy II Project in Central Java which is
funded jointly by the Government of Indonesia and USAID, and derives its
technology from an earlier FAO Project in Upper Solo (Barreau and Djati,
1985).

There are two important concepts in the Citanduy project. The first
involves the idea of expanding and spreading from a nucleus or catalyst. In the
sub-watersheds the catalysts are a number of model farms which are a
demonstration of a 'package of technology' appropriate to the particular
combination of soil, climate, and social factors-such as availability of labour
and availability of credit. The components of the technology are hand-built
bench terraces with forage species planted on the riser, and improved
agronomic practices. It is claimed that the result is to generate three times the
income of conventional farming methods, and certainly the practices are
being widely adopted by the land owners close to each of the established
model farms.

The second principle is that the project will only provide seed for improved
varieties of cash crops, planting materials for establishment of grass and trees,
the supply of fertilizer and agro-chemicals, and ultimately credit for the
purchase of livestock, after the farmers have built bench terraces according to
specification. (While not a 'red ticket', this is a carrot and stick approach.)

This improved land use at the village level is reinforced by large-scale
works in the watershed, such as impounding reservoirs, and re-afforestation
on land too steep for cultivation. Although the Citanduy project has a good
technical base, it is not without organizational difficulties. These result mainly
from the common problem that government departments responsible for
extension,forestry, soil conservation and public works are usually structured
according to the divisions of local government (regions, districts and sub-
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districts), whose boundaries seldom coincide with the natural topography or
with the boundaries of watersheds. The solution adopted in Citanduy is to set
up a separate multi-disciplinary project to manage all aspects of development
within the project. This may achieve that objective but leads, as in Citanduy,
to duplication and parallel organizations, with dilution of effort and rivalry.
The problem of carrying out development using the watershed approach
could only be overcome if there were a massive reorganization of the
country's internal administration so that the boundaries of regions and
districts were based on the boundaries of watersheds. Few, if any, developing
countries have felt able to grasp this nettle. There is a tendency today for
development agencies to channel more effort through existing government
departments, rather than set up special projects.

5.111.3.3 Integrated Rural Development in Swaziland

This is another example of the concept of pilot projects which are expected to
spread to larger areas, using the idea of multi-disciplinary, integrated
development. In this case the main components of the scheme were:

(1) the application of a system of capability classification to define land areas
suitable for arable, and areas suitable for grazing, together with the
reallocation of use where necessary;

(2) to establish roads, fences, and homesteads along the boundary between
the arable and the grazing land;

(3) to provide all the inputs to improve production of crops and livestock,
including strong extension support, supply lines for inputs, and market
outlets for the products;

(4) to improve mechanical soil conservation measures to halt soil erosion on
arable lands, and to reduce erosion on grazing lands by a reduction of the
level of stocking.

The programme started with four small areas, each of about 5000 ha, and has
since been extended to cover about 50% of the Swazi Nation Land. (This is
land held in trust by the King for the benefit of the nation as a whole, and
comprises all land which is not allocated to private ownership for large-scale
irrigation, or forestry schemes, or privately owned farmland.)

The chosen organizational structure was a special programme within the
Ministry of Agriculture to administer directly most of the required activities,
and to liaise with appropriate departments such as Health or Education for
activities which could not be handled within the Ministry of Agriculture.
There is the same problem as in the Citanduy Project in Java, in that the
establishment of a special organization has led to duplication, and conflict
with the Departments whose structure is geographically different.

The project has shown some notable successes, some unanticipated changes
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and some failures. Although not initially defined as a major objective of the
programme, i~ has certainly improved the general standard of living of the
rural population, at least in terms of convenience, by improvements in rural
roads, schools and water supplies. The objective of smaller numbers of cattle
in better conditions has not been achieved because the policy of fencing the
grazing areas has led to increased concentration of stock inside the fenced
areas, and the soil erosion from over-grazing has in many cases become worse
as a result of the fencing.

An unexpected result was that hybrid varieties of maize were quickly
adopted and led to increased yield per hectare; but at the same time the area
planted was reduced and so there was no net increase in the national
production.

The main land changes were that reallocation of land, based on capability
classification, paved the way for improved soil conservation. The latter,
however, was not successful because the proposed practices were borrowed
from another set of conditions and were not suitable for Swaziland. The
traditional soil conservation method, introduced about 50 years ago, is to
leave grass strips on the contour across all arable land using a very simple
specification of a 2 m width of grass at a vertical interval of 2 m. Given the
fairly low erosivity of the rainfall, and well-structured resistant soils, this was a
very appropriate method, although some strips were not correctly aligned
because of a shortage of surveyors. The project called for the replacement of
grass strips by the classic North American style of mechanical protection-
graded channel terraces leading to grassed waterways. This method, in fact, is
unsuitable for two reasons:

(1) The individual arable holdings are usually 0.5-2 ha, and so do not lend
themselves to this kind of layout.

(2) It could have been foreseen that, since cultivation rights are allocated on
a seasonal basis by the tribal chief, there is no interest in the maintenance
of the terraces and waterways, which are seen as impositions of the
government.

The lessons of this example are (a) that the principle of integrated rural
development which combines land selection, soil conservation and improved
agricultural practices is sound, but (b) there are difficulties in setting up an
organization to carry out such development, and (c) it is essential that the
technology being applied is appropriate to the local situation.

5.111.3.4 Soil Conservation Policies in Kenya

Kenya provides an interesting example of the development of soil conser-
vation policy. Up to independence in 1963, an autocratic soil conservation
programme was imposed by the colonial government, consisting of alienation
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of land for use by different ethnic communities; regulation of land use, and
mechanical protection works, mainly contour banks. The policy was accept-
able on the large 'white settler' farms, but was enforced in the African areas
with at best a grudging acceptance and at worst outright opposition. With
independence, all ideas of soil conservation were swept away by the govern-
ment, as an unwanted relic of colonialism.

However, after some years a grass-roots interest in soil conservation began
to emerge, encouraged by good leadership and a strong sense of national
unity based on the 'harambee' philosophy, meaning 'let us all pull together'.
An important step was the adoption of soil conservation by the 'Mwethya'
groups, which are voluntary self-help groups which form each year to carry
out communal work during the dry season, and then disband when the rains
come, to go about their individual farming activities. The leadership of the
groups comes from the women, but men are persuaded or coerced to join for
the heavier tasks. The range of communal activities includes bush clearing,
water carrying, management of grass or tree nurseries, and ploughing arable
land on each farm in turn. The construction of conservation works has now
been included, and there has emerged the concept of a new type of terrace
called 'Fanya Juu', literally meaning 'throwing upwards'. This consists of
excavating a ditch on the contour, with the soil placed on the uphill side to
form a bank or 'bund'. The steeply sloping riser and the bank are planted with
grass, and there is a self-terracing effect as the grass and the bank retain soil
which is washed down the cultivated inter-terrace strip.

This soil conservation movement was given a strong boost when the
President established a Permanent Presidential Commission on Soil Conser-
vation and Afforestation, and gave his personal support to a national conser-
vation programme. At the same time the increasingly serious problem of soil
erosion in Kenya attracted the attention of national and international aid
agencies, who set up many development projects which include an element of
soil conservation. The Swedish International Development Agency, SIDA,
has been particularly active, with programmes strongly directed towards
training for the technical personnel concerned with soil conservation. The net
result is that Kenya has today one of the most promising soil conservation
programmes in Africa.

5.111.3.5 Soil Conservation on Grazing Land in Australia

The Eppalock Catchment Soil Conservation Project was carried out by the
Soil Conservation Authority of the State of Victoria between 1960 and 1975.
The object was to reclaim badly eroded land and reduce erosion on produc-
tive grazing land in the catchment of the Eppalock reservoir, which was to be
greatly increased in size but was estimated to have an unacceptable rate of
sedimentation.
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The soil conservation works were carried out and paid for by SCA, and
consisted of gully control structures and tree planting, silt traps, fencing-off
eroded areas, diversion banks, and ripping land suffering from tunnel erosion.
The improved pasture management included the aerial application of ferti-
lizer, which carried a state government subsidy, and 'chisel seeding', which is
the application of seed and fertilizer in separate narrow chisel furrows. There
was also sub-division fencing, and improvement of water supplies for the
livestock. Extension advice was provided by both SCA and the Department of
Agriculture.

The cost of the dam enlargement was A$6 niillion, and the cost of soil
conservation works A$100 000 per year for 10 years-a total of A$1 million.
The main area for treatment was 72 000 ha, but there was another fringe area
of 17 000 ha where the improved pasture management practices were
adopted by the farmers.

Throughout the project, data were carefully recorded so that a detailed
analysis could be made. This showed that the overall economics are good,
even after discounting distributional effects, such as the lowering of the wool
price in other areas as a result of the increased production in Eppalock, and
possibly a similar effect on butter-fat prices as a result of increased produc-
tion. The internal rate of return is calculated at 25.4%, with a benefit-cost
ratio of 2.0 using an 8% discount rate. The report concluded that the project
was 'a very so'und investment for the community as a whole'-and an
excellent investment for the landowners in particular (Australian Soil Con-
servation Study, 1978).

5.111.3.6 Soil Conservation on Arable Land in Australia

A detailed cost-benefit analysis was also made of a soil conservation project
on arable land in Allora Shire on the east Darling Downs in south-east
Queensland. The programme was carried out under the Soil Conservation
Act of 1965, which allows the designation of 'areas of soil erosion hazard', in
which the government takes the initiative of erosion prevention and control
through Statutory Conservation Programmes. This project started in 1973
and involved both the landholders and the local authorities.

The problem was extensive sheet, rill and gully erosion on uplands of
sloping basalt, causing salt deposition and flooding in the lowlands. In 1972 it
was estimated that 75% of the area (i.e. 18400 ha) required intensive soil
conservation measures, and that measures had been applied on 42%, but that
much of the area needed more and better soil conservation work. Another
18% (4200 ha) was estimated to need minor land protection practices such as
strip cropping and contour cultivation. Wheat yields had been reduced by
erosion, but the amount was difficult to quantify because of the effect of
increasedfertilizer application and better varieties. Other unquantified
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damages included the necessity to clear road drains and culverts, and the
silting up of stream channels.

The main costs were for mechanical protection works (e.g. waterways,
diversion banks and contour banks). The work was done by the landholders,
who bore 71 % of the total project costs and received a 25% subsidy because
they were in an area of soil erosion hazard. Other contributors to the costs
were the soil conservation branch at 23% (mainly providing extension
services) and the Queensland Government at 6% (mainly providing the 25%
subsidy on conservation works).

The direct benefit is the increased production arising from the lower rate of
decline in productivity. The most significant agronomic practice introduced is
'opportunity cropping' -slipping in an extra crop whenever there is adequate
moisture. This leads to an average crop intensity of three crops in two years.
Other benefits include lower maintenance costs of roads and rivers as a result
of reduced flooding and silt deposition. Intangible benefits include increased
commercial activity in nearby towns-for example, supplying the special
tillage equipment used for stubble mulching in the opportunity cropping.

A financial and economic analysis of the project shows a benefit-cost ratio
of 1.5 at a discount rate of 8%, and an internal rate of return over a 30-year
period of 12.4%, or 13.1 % over 40 years, not including the uncosted benefits.
The project was therefore a sound investment for both landholders and the
nation.

Under conventional cropping systems, mechanical protection would
break even with costs over 30 years in the absence of subsidy, and this would
not be acceptable to landowners. However, with the benefit of opportunity
cropping included, the internal rate of return to landowners before tax is
14.9% over 30 years, or 11.2% over 20 years. If the costs of erosion control
are not subsidized a long payback period is required, but with a 25% subsidy
they become an attractive investment.

5.111.4 CONCLUSIONS

The conservation of the present land-resource base is essential because it
would not be good management to make major efforts to develop new
resources while the existing ones are being depleted by erosion. Estimates by
FAa suggest that the increased area of land required to feed the world
population in the year 2000 will be 200 million hectares, but that the rate of
loss of useful land through erosion is 5-7 million hectares a year. It is
therefore necessary to give equal attention to the preservation of the existing
land resource at the same time as expanding it and improving it.
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The approach to soil conservation should be to liken it to preventative
medicine, not to curative treatment. Soil conservation practices and tech-
niques cannot be expected to prevent erosion if the land use is fundamentally
unsound. Physical soil conservation must be one component of an integrated
approach to land development through good husbandry. The package will
include the evaluation of land so that its potential can be assessed, and the
application of appropriate physical soil conservation measures, closely com-
bined with erosion control through good husbandry.
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