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CHAPTER 7

Conclusions and Recommendations

M. G. WOLMAN AND F. G. A. FOURNIER

7.1 AN APPRAISAL

On a planet which is 70% ocean, but with a human population of 3600 million
growing at 1.7% per annum land must be regarded as a limited resource.
Although finite in quantity, it must provide the foundation for human
nutrition and virtually all the space for other human activities. Mankind,
although nominally part of the 'natural' environment, has nevertheless been
able to transform both the surface cover of the land and the top few metres of
the earth's crust itself. In part such changes reflect deliberate attempts to
garner resources and in part are accidental impacts whiCh are by-products of
those processes. The rates of metamorphosis, the depths to which it pene-
trates, and the degrees of irreversibility induced are a result of the growing
capacity of human societies, mediated by access to energy and technology, to
bring about changes in their environment.

The ability to effect major alterations can be seen, in the long perspectives
of history, to have had several turning points: the control of fire, the discovery
of agriculture and development of the use of fossil fuels mark steps between
episodes rather like the climbing of a staircase with wide treads-each plateau
phase, though, marking higher intensity of land transformation than the one
before. In this respect, the technological developments of the nineteenth
century almost certainly outrank all those that went before, for steam
transportation opened up the world to form a global system in which the
growing of crops for export permitted a degree of specialization based on soils
and climate which had been unknown in the earlier days of low volumes of
international trade and of high degrees of local self-sufficiency. Perhaps the
most significant transformation of the last century was the conversion of the
natural grasslands of the mid-latitudes to a granary which nourished the
burgeoning urban-industrial populations of the core areas of factory-based
production of goods in Europe and North America.

In the nineteenth century and earlier, much land transformation was
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extensive; that is, agriculture often expanded into new or previously unculti-
vated lands. At the same time, where populations grew rapidly, or good
agricultural land was limited, intensive transformations occurred. In contrast,
this century has seen an intensification of agriculture in the developed world
through mechanization and the use of fertilizers, crop breeding, and biocides
based upon the development and application of new knowledge. In the
developing world, similar intensification of agriculture is under way.

A growing world population, expanding urban and commercial use of land,
and recognition of potential long-term and ecological changes associated with
the intensification of agriculture, have all given rise to a concern that land
transformations in agriculture in the modem world may markedly affect the
capacity of agriculture to continue to sustain and enhance human society on
the globe. It is these concerns that prompted the SCOPE effort reported in
this volume.

History provides the backdrop against which to measure change, and to
evaluate present trends. From the standpoint of human society, the historical
review reminds us that land transformations in agriculture have been essential
to human social and cultural development. Agriculture provides the basis for
urbanization and civilization. Until this century, our use of the land was
extensive. Farmers used hand tools, traditional varieties of crops, manure and
not chemical fertilizers, and allowed the land to lie fallow periodically. Over
time, new crop varieties and fertilizers were introduced, fallow periods
shortened, and draught animals replaced manual labour. Even at these stages,
it is important to note that forests were replaced by farmland throughout
much of the world and, in humid temperate regions such as Europe, vast wet
areas and swamps were transformed into cultivated land. In arid and semi-
arid regions, irrigation transformed the landscape from desert to agriculture,
creating systems maintained for centuries.

Until the dawn of the twentieth century, the only way to increase produc-
tion was to increase the area of land under cultivation. Only in this century
has technological progress allowed an increase in the speed of opening new
lands to agriculture, and an increase in the production of surface units. These
advances in technology coincided with an increased demand for agricultural
products from a rapidly growing population.

The improvement of agricultural practices, the implementation of modem
techniques, and mechanization, induced the opening of new arable lands to
agriculture. Thus, projections in Chapter 2 suggest that between 1975 and
2000 the area of land under cultivation will increase by 20% (300 Mha),
while the area ofland underforest will decrease by almost 15% (from 4100 to
3500 Mha), as the area of land devoted to non-agricultural activities increases
from 400 Mha to 600 Mha. Generalizations at the global scale mask vital
differences between regions and countries. In some developing countries
abundant reserves of land permit expansion of cultivation to increase produc-
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tion. -In the industrialized countries and in many developing countries, all
arable land is already occupied, and an increase in production can be obtained
only by an intensification of agriculture on land that is already cultivated.

Because of the significance of intensification in agriculture, Chapter 5 and
its sub-divisions deal specifically with agricultural practices intended to
increase production per unit area in an effort to judge their impacts on land
transformation. These practices involve changes in properties of the land and
the soil. The effects are beneficial when potential productivity is maintained,
or improved with limited negative impacts on the environment. However,
some practices may result in harmful changes in the land, leading to deterior-
ation of the soil and to losses in productivity. All deterioration is not necess-
arily permanent. However, over time some changes may become exceedingly
difficult to reverse technologically, and may actually be irreversible owing to
the high costs involved. An attempt is made here to summarize briefly some of
the significant impacts of major agricultural practices and, in some cases, the
prospects for reversibility. These conclusions draw upon the text, the case
studies and some additional sources.

7.1.1 Irrigation

Over the last decades, perhaps the most important form of land transform-
ation has been the expansion of irrigated land. In 1965, irrigated areas covered
149 million hectares. By 1975, irrigation was practised on 223 million
hectares, and this figure is expected to rise to 273 million by 1990. It is
estimated that irrigated lands, which presently occupy 15% of the world's
total cultivated area, produce up to 30% of the global agricultural production.
Over large areas of the world, irrigation has assured production by overcom-
ing uncertainties due to unreliable or insufficient rainfall.

Though the rate of increase in irrigated land has been the highest during the
last 50 years, irrigation is as old as recorded history. It should be stressed that
irrigation has given rise to very stable production systems which endured for
thousands of years, such as those in Mesopotamia, Egypt, China and Sri
Lanka, and for comparatively long periods in Syria, Iran, and Indonesia.
While some of these areas have been plagued with problems of drainage and
salinization, under proper maintenance, constructive transformation of the
land by irrigation has taken place over vast tracts of land for long periods.

In contrast, irrigation has sometimes resulted in transformations which, in
the long run, have caused a deterioration of the environment. One such major
change has been modification and disturbance of the local or regional salt and
water balance, resulting in waterlogging and salinization. Prior to irrigation, a
stable water balance is developed between annual rainfall, vegetation, surface
water and groundwater. Irrigation may produce a threefold to tenfold
increase in water input compared with natural conditions. With poor man-
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agement, this large change in the water balance may lead to deleterious land
transformations such as waterlogging, saline and alkaline soil development,
and land subsidence. These effects may be disastrous. For example, it is
estimated that more than 5 million of the 15 million hectares of irrigated land
in the Indus Basin in Pakistan-that is, a third of the surface-are affected by
secondary salinization of the soil and waterlogging. In Iraq, the proportion
amounts to 50%.

Over most of these lands, changes in the salt and water balance are
reversible. The main remedies are effective water control through optimum
irrigation scheduling, reduction of water losses, drainage and effective
groundwater management. Lessons learned from serious land transformation
problems faced by earlier civilizations and progressive modern technology
have made it possible to analyse the problems, predict land and water
behaviour and design remedial measures. Such measures have been
implemented in Pakistan and elsewhere. The task, however, is great and
requires large investments. While no precise figures are available for the
world as a whole, it is estimated that of the total irrigated area (223 million
hectares in 1975), 45 million hectares are in need of rehabilitation and 78
million need to be drained in order to maintain a satisfactory salt and water
balance.

A principal lesson to be learned from the history of irrigation is that
governments must recognize these potential hazards early in the project
planning stages and establish competent operational management structures
prepared to heed the early warnings that signal deteriorating conditions. A
number of well-established 'early warning' observations are described in
Chapter 6. There are no perfect solutions and governments will always have
to choose among policy options that trade off losses in production and
farmer's income in order- to achieve long-term stability and permanence.
Good planning is essential to ensure survival of an irrigation project and the
society dependent on it. In the past, emphasis in planning has been placed on
the need to attain maximum yields per unit of land. Greater weight must be
given to maximizing economic returns on water and minimizing long-term
hazards. In carrying out the economic analysis of a project, the investments
required to prevent long-term project failure must be included in the stream
of costs, or the stream of benefits must be adjusted to take into account a
probable reduction in yields as the hazards advance.

7.1.2 Mechanization

A controversy has spread between those who argue that only hand-tool and
animal-draught technologies are appropriate levels of technology for develop-
ing countries, and those in favour of mechanical power. There is really no
contest here. Farming based on hand-tool technology seldom exceeds a
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subsistence level, and the area that can be cultivated by a single family is
limited to 2 ha. The lack of draught animals, for instance, in the lowlands of
Africa is a major constraint to the spatial expansion of agricultural land.
Feeding the world's population, including areas now at the subsistence level,
will require an expanded technology. This need not imply a disregard for
proven ways or appropriate methods adapted to farming at small scales. In
places, hasty changes in mechanization and soil handling in recent years have
placed increasing pressure on the environment, resulting in deleterious
changes in soil structure which may prove difficult or costly to reverse.
Nevertheless, mechanization is an integral part of the inputs needed to
increase agricultural production in developing countries throughout the
world. It accounts for about one-third of the commercial energy used in
agriculture, second only to the energy used in making fertilizer. Although
agricultural production itself uses only about 4.5 % of total commercial energy
in the developing countries, while the percentage remains constant, a fourfold
increase will be needed to meet food demands in many of them.

Rural poverty is often the result of the low productivity of manual labour in
agriculture. The objective then is to increase productivity and, in turn, to
determine the role that mechanization can play in solving rural development
problems. If farmers are to feed themselves and others, subsistence agricul-
ture must gradually be transformed into commercial agriculture. Agricultural
income must provide access to means of production and generate enough
surplus to create demand for non-agricultural goods and services.

Though it is generally agreed that mechanization is an indispensable input
to rural development, there is a lack of clearly defined strategies for agri-
cultural mechanization. A balance is required between increasing pro-
duction and the environmental hazards of non-adapted tillage practices.
Conservation, management and appropriate rotations should be the basis of
mechanized farming. A major priority for research is the definition of soil
environmental requirements needed in diverse regions of the world to en-
hance and sustain the productivity of the soil, and the design of 'preventive'
husbandry measures to achieve these objectives.

7.1.3 Soil Conservation

The need to expand land in agriculture and to intensify its cultivation has, in a
number of instances, led to degradation of the soil. Agricultural land use need
not in itself cause degradation of the land. Through experience and research,
agricultural practices have been established which maintain stable systems of
production. At the same time, mismanagement of the land, whether driven by
necessity or exploitation, leads readily to deterioration of the resource base.

Although water erosion dominates the process of degradation, other
types of degradation-such as wind erosion, salinization, alkalinization,
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acidification, compaction and soil sealing, and decrease of biological
activity-may be important. All may be important, and all may lead to a
temporary or permanent decrease in soil productivity.

Because data on erosion and its relation to productivity are severely limited
in most countries, this SCOPE study did not attempt to assess the rate of
degradation or loss of productivity for specific areas around the world.
Similarly we cannot say which deterioration of the land area degraded each
year is reversible: estimates vary widely from 500 to 6 million hectares. A
recent study noted in Chapter 2 suggests that, in the developing world,
unchecked soil erosion could reduce the area of potential rain-fed crop land
by 18%, and sustainable potential rain-fed crop productivity by as much as
29% by the year 2000. The larger figure reflects the fact that some of the crop
land is projected to be degraded from very productive to much less productive
land. Over the 20-year period from 1980 to 2000, this would represent a
potential loss of roughly 18 million hectares each year. It is implied that if
proper action is taken, degradation by erosion is preventable, yet if land is
degraded, the result will not be reversible if excessive erosion is allowed to
proceed. In this and other analyses, however, two major problems are
unresolved. The first is the relation of soil loss to erosion on agricultural fields,
and the second, and most important, the relation of soil loss to decline in
potential productivity.

As the case study of soil erosion in Iowa, USA, in this volume indicates (see
Chapter 13), the pattern of erosion and deposition on agricultural lands, as
well as the relationship between erosion and loss in productivity, are complex
and not well established. Wide variability is to be expected. Regional and
local data on erosion and productivity throughout the world are very limited
and insufficient to establish a firm basis for estimating future productivity
losses, or the reversibility of erosional effects, particularly on the more
productive soils. Thus, this volume does not include a country-by-country
assessment of the impact of land erosion as the data do not permit accurate
assessment at that level. Only through such assessments in the future will it be
possible to plan remedial measures and to estimate the investments required
to maintain and restore productivity levels.

It is clear that erosion poses severe hazards in a large number of areas.
Moreover, on steep marginal lands the effects are likely to be nearly irrevers-
ible. Perhaps most distressing is the fact that the last several decades have
seen, at best, modest adoption of soil conservation techniques in many parts
of the developing world where they are particularly needed. Population
pressure, costs to farmers, and the uncertainty of benefits, along with the
absence of political will, have limited adoption of conservation measures
despite the availability of proven technologies in most instances. As Chapter 5
and its sub-divisions indicate, new approaches to conservation of soil and
water based on watershed units have shown promise in Africa and elsewhere.



Conclusions and Recommendations 283

It is too early to judge whether this promise will be fulfilled on a scale
commensurate with the problem. Experience suggests that far stronger
inducements are needed than those employed thus far. Farm management
must be based on techniques designed to improve productivity beyond low
levels currently attained in many parts of the developing world.

Soil conservation must be an integral component of intensified
agriculture-the choice of adequate conservation measures will need to be
based on an assessment of the form and intensity of the degradation process,
and the choice of management practices adapted to the environmental
conditions, economic feasibility, and the social acceptability of the proposed
control techniques. It is vital that land resources be protected. Yet it must be
realized that farmers will do so only when they are given the motivation and
the means to do so.

7.1.4 Fertilizers and Crop Protection

The use of inorganic fertilizers, particularly nitrogen, is the largest single
factor responsible for increasing the realized and potential productivity of
agriculture throughout the world. The introduction of fertilizers in agriculture
has not only enhanced the productivity of many good soils, but has trans-
formed many regions of inherently low productivity into agriculturally effec-
tive regions. Examples of this transformation include shifting from bush
fallow to continuous cropping in tropical rain-forest, shifting from low-quality
range on Cerra do soils of South America to effective crop land by correction
of aluminum toxicity/phosphorus deficiency, and conversion of the desert to
intensive agriculture as irrigation is introduced.

The application of fertilizer influences land transformation in two ways.
First, judicious use of fertilizer improves the quality of good arable soils over
time by increasing the organic return from crop residues, thus stimulating
micro-biological activity. Second, increased productivity achieved with fer-
tilizers on good arable lands reduces the need to crop lower-quality areas
better left in permanent grass or forest cover.

If the world's population is to be fed in the future, increased productivity
will be required on the better arable lands. Until recently, much of the world
production of inorganic fertilizers has been used to increase agricultural
production in the developed world. In the absence of opportunities for
expanding crop land, much more extensive use of fertilizers is essential to
increase agricultural productivity throughout the world. Organic systems of
soil fertility maintenance are invaluable for transforming low-productivity
lands to agricultural use and should be utilized to the extent possible. The
symbiotic system involving silk, pigs and fish ponds in China described in
Chapter 5.IV illustrates superbly the realization of such an opportunity.
There are, however, severe limitations in exclusive reliance on organic
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systems. Most important, the quantity of organic wastes is sufficient to treat
only a small fraction of all arable land. In addition, some wastes contain
excessive salts or toxic components, and in dry farming regions, water for
legumes to be grown as green manure is inadequate. For the latter, the
combination of reduced tillage and added fertilizer can extend the potential
area of cropped land in dry regions through moisture conservation and the use
of inorganic nutrients beyond what is possible under traditional systems of
land management.

Poor management and inappropriate use of fertilizers can have harmful
effects on both land and water. For example, excessive fertilizer use can result
in the pollution of surface waters and nitrate contamination of groundwater.
Some of these transformations-for example, groundwater contamination
below permeable soils-may be reversible in a relatively short period by
careful management of fertilizer application. In contrast, eutrophication of
surface waters may be difficult to reverse and require significant changes in
land use practices.

Injudicious fertilizer use can result in soil nutrient imbalances that mayor
may not be readily reversible. Soil acidification induced especially by nitrogen
fertilization, for example, can be compensated by liming, at modest cost,
except where lime is unavailable. However, where acidification is allowed to
proceed to the point where the subsoil becomes strongly acid, the resulting
acidity and associated aluminum toxicity to crop production are virtually
irreversible. Other examples where reversibility is difficult include: copper
toxicity from over-use of copper fertilizers and Bordeaux mixture, and iron
deficiency in neutral to alkaline soils induced by excessive application of
phosphorus and zinc.

Technically, increasing use of fertilizers throughout the world is essential
and can be done without producing significant harmful effects. Maintaining
the balance between productivity increases and environmental quality again
requires appropriate information about soils and plants, and careful manage-
ment.

Like fertilizers, pesticides and other techniques for crop protection enhance
productivity and lessen the need to extend crop land for agriculture. Over
time, traditional agricultural practices (including cropping systems and rota-
tions) evolved that rendered crops rather resistant to pest attack. The
occurrence of pest epidemics as a result of particular weather patterns, or the
introduction of new pest organisms, from time to time, upset the system and
caused catastrophies, but in general these systems were reasonably stable.
Gradually, pesticides were developed that allowed better control and have, in
particular, reduced the significance of agricultural pest epidemics. Originally,
pesticides were mainly extracted from plants or were of inorganic chemical
origin, but since the 1940s synthetiC' organic pesticides have become the
major control measures. These new tools have permitted considerable
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changes in agricultural practices. But crops more susceptible to pest attack
under intensified agriculture and crop losses continue to be high. Food crop
losses from pests do continue to take a heavy toll of production-over 1.5
billion tonnes each year-so their reduction can make a major contribution to
world food resources.

Despite the successful application of pesticides, their widespread use has
also revealed a number of problems, including the emergence of new pest
problems, the development of pesticide-resistance, and pollution. Recogni-
tion of these shortcomings is leading to the development of new products, and
new approaches to pest management. Reduction of use and changing the
pesticide may alleviate the development of resistant strains, and new com-
pounds that degrade more rapidly may lessen potential environmental
impacts. Moreover, breeding of pest-resistant varieties of plants provides
opportunities to reduce losses from pests without sacrificing the productivity
gains associated with increasing use of fertilizers and irrig\ttion water, both of
which also increase susceptibility to pests. It is now recognized that maintain-
ing long-term productivity requires integrating a variety of techniques. to
manage pests. This involves manipulation of crops and management of
agricultural operations along with appropriate use of pesticides.

Plant protection and herbicide use considered together represent tech-
niques for enhancing productivity. Because of their chemical composition, both
pose potential problems for land and water pollution. Through accumulation
in the soil, and alteration of soil biota, both may result in transformation of
the land. Because herbicides have provided a means of weed control without
cultivation, they have also permitted development of conservation tillage
(sometimes called 'no-till' agriculture) over large areas in some regions. Such
tillage constitutes a significant transformation of land use and significantly
reduces runoff and erosion, thereby reducing pollution of surface waters.
Concern has been expressed that increased herbicide use and reduced runoff
would lead to pollution of groundwater, but this has not yet been the case.

Additions to the soil essential to modern agriculture all pose real, or
theoretical, prospects of creating deleterious transformations of the land,
potentially leading to irreversible changes inhibiting the ability to sustain
agricultural production into the future. Such changes are documented in this
volume, and a few enumerated here. Nevertheless, both history and current
practice indicate that the majority of such potential negative impacts can be
controlled at the outset by proper management, or reversed with reasonable
effort after careful analysis, often using known techniques.

7.2 RECOMMENDATIONS

Land transformation is the name given here to a dynamic process in which
human beings alter the surface and sub-surface of the landscape, creating
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positive and negative impacts, some reversible, others irreversible. The
process involves physical, chemical and biological changes affecting land,
water and air over time. It has, of course, involved major changes in social
organization as well. For millions of years, human beings have so altered the
land both intentionally and inadvertently. The drive to do so is inherent in
human cultural and economic activities.

Land transformation in the modern world is characterized by the rapidity
and scale of change. Rapid change and large scale require planning and the
careful use of knowledge to mitigate the undesirable effects of positive
actions, and to reduce the negative influence which some transformations may
pose on options for future uses. Planning, in turn, requires an assessment of
the potential of various lands for different uses with different levels of inputs.
The concept of 'suitability' describes such evaluations, provided it is recog-
nized that suitability may be a function of current cultural and technological
opportunities. As these change, so suitability may change. Moreover, the
biological and physical consequences of different agricultural activities are
often subject to prediction and processes may be manipulated to mitigate
unwanted effects.

Four criteria are particularly relevant to an evaluation of the prospects of
land transformation in agriculture. Initially, productivity, or potential produc-
tivity, may be the primary focus. Over a long time scale, three additional
criteria must be considered: sustainability, reversibility and fragility. None of
these is easy to define without qualifications, but each has been touched upon
in the text and case studies and emphasized in this concluding chapter.
Virtually all transformations in agriculture have affected the sustainability,
reversibility and fragility of some lands in some places. Irreversible effects
have been associated with major irrigation projects throughout human history
and from the exploitation of lands subject to rapid erosion from heavy
rainfall. Fragility simply expresses the degree to which a system is buffered by
natural processes which absorb man-made impacts. Under traditional agricul-
tural practices, alterations of the natural system by human beings were
limited. Through centuries cropping patterns and rotations developed sus-
tainable agriculture adapted to local conditions of soil and water in many
temperate and humid regions. The scale and rate of modem change raise the
spector of exceeding the buffering capacity of the land and soil, reducing the
sustain ability of agricultural enterprise, and degrading land and soil to
irreversible (or nearly irreversible) states.

The review here suggests that while irreversible results from the
intensification of agriculture throughout the world are clearly possible, the
increase in agricultural productivity needed to supply food and to improve the
living standards of the world's population can be met by the creation of a
sustainable agricultural base without irreversible damage to the land.
Thousands of hectares of irrigated land are subject to irreversible degradation
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through waterlogging and salinization, and permanent loss of productivity
from erosion is conceivable. Nevertheless, proper land evaluation and
management-coupled with the knowledge needed to reverse some current
trends-can provide more than enough produce from a sustainable world
agriculture. Moving from world, to region, to country, to local scale, the
prospects become increasingly grim. Some lands are naturally poor for
agriculture, and others have been degraded so as to make the process of
reversing the damage expensive and/or beyond the capacity of those who
dwell on them. Thus locally and at the country level, such land cannot sustain
present, let alone growing, populations. There is, of course, no reason why
each country or region must be self-supporting in agriculture. Since many lack
the resources to buy food, realistic appraisal is grim for those who must, for
some time, make do with the environment in which they find themselves.

On a country-by-country basis, insufficient information exists with which to
quantify the degree to which erosion has produced irreversible effects that
permanently reduce potential productivity. Critical studies are needed to
evaluate the relationship of land erosion to potential productivity in a variety
of different environments throughout the world. However, the evidence
indicates that change for the worse is occurring in the very areas where the
need for improvement is the greatest.

Irreversible effects are not solely confined to irrigation and erosion. Trans-
formation of range lands to thorny shrub lands is often irreversible. In more
humid areas, reversible transformations from crop land or grassland to shrub
are currently under way in a number of developed regions where agricultural
villages have now become bedroom communities and the landscape has
reverted to shrub or forest. The degree of reversibility of spontaneous or
induced transformations of the land is a function of cost, technology, and in
some instances social organization.

A central role in both planning and developing land transformations in
agriculture must be given to observation and monitoring of change. For the
surface itself, remote sensing provides a new and powerful tool for
measuring-and in some cases evaluating-changes not only in land use but
also in land change and the environment. As Chapter 6 illustrated, specific
criteria involving properties and processes on the land and soil have been
developed which can be used to monitor direct and indirect effects of changes
in land use. These range from measures of chemical constituents and organic
material in the soil, to more complex measures of soil structure and hydrolog-
ical behaviour. A hierarchy of observations and analysis is needed: an
objective set of data, temporal or spatial correlations of cause and effect in
processes, and ultimately a thorough knowledge of the specific physical,
chemical and biological processes relating agricultural. practices and resulting
effects. Given the complexity of climatic and pedologic relationships around
the world and the varieties of agriculture, much remains to be known about
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how specific processes operate under varying natural and agricultural condi-
tions. In many humid tropical regions, little basic data is available and few
observations extend over significant periods of time.

Actions will be taken and change will occur with inadequate knowledge and
before predictions about possible consequences can be reliably drawn. What
is needed is not a presumption of infallible planning, but, in the absence of
research, pragmatic mechanisms that permit the process of trial and error to
be observed and recorded, with the results fed back to adjust operations. The
management of pesticides provides an excellent illustration of a complex
process that demands practice and experience, with continual modification
designed in response to new knowledge.

Throughout this volume the emphasis has been upon a set of physical,
chemical and biological phenomena. However, not only are the pressures
which lead to land transformation generated by society, but the solutions to
present and potential dilemmas are dominated by social and behavioural
phenomena and not primarily by science and technology. The major social
pressures leading to intensification of agriculture and to transformations of
the land stem from the need to feed existing and new populations and the
desire to raise the living standards of both. Traditional agriculture cannot
fulfil this need. Whether or not the resultant transformations do lead to
sustainable agriculture is a matter of choice-degradation is not fore-
ordained.

The litany of phrases, 'the potential exists to sustain a high level of
agriculture while maintaining environmental quality', 'degrading processes on
the land are in many instances reversible', 'appropriate evaluation of land
capability, and proper management, can conserve land and increase produc-
tivity', are sober, accurate and reasonable statements; yet they are difficult to
achieve.

While farmers make up 30-40% of the world's population, and perhaps
75% of the population in the developing world, like any other sector of
society they alone do not control their own destiny. Farmers, urban dwellers,
governments, private individuals, commerce and industry, and innumerable
international agencies in pursuit of innumerable objectives, create the en-
vironment to which, and within which, farmers respond. Thus the course of
land transformation in agriculture is not solely the responsibility of farmers,
and often not within their control. At the same time, it is farmers who decide
what to plant, how to practice their trade, and what to do with their products.
Thus, despite the complexity of the cultural, economic and social environment,
for land to be 'appropriately managed' and degrading practices controlled,
farmers must be given incentives to enlist in the effort. This task has proven to
be far more difficult than the acquisition of the scientific information and
know-how which contribute to an optimistic view of the results of the rapid
land transformations in agriculture currently under way.


