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ABSTRACT
As far as records go back, in Africa’s case some millennia, Africa has been subject to
fluctuations in climate, some changes larger than others. This has resulted in uniquely mobile
forms of agriculture, responsive to change.
Modern population levels and political imperatives have now precluded many of the responses
which were useful in the past. Among those which are not precluded are those strategies that
relied on what are now described as organic methodologies, minimal soil disturbance and
reliance on animals. A reconsideration of these traditional approaches illuminates ways
forward that can sustain agricultural productivity in the face of climate change.
INTRODUCTION
Africa’s past, especially its climate past, is not as obscure as many might think. As virtually the
oldest of the earth’s continents, Africa’s geology has always been of interest, and the now well
documented antiquity of its people has also put their lifestyles under study, covering millions of years.
Aside from this, the Nile Valley was home to one of the oldest of earth’s civilizations, meaning that
written records are also available going back to very early times in farming history. Modern genetics
also give us information about early domestications in Africa of crops such as sorghum and millet and
animals such as the donkey, all of them African innovations possibly in response to change.
Much of what is said here is argument based on generalization, which in turn is a summary of what
can be found in many texts and doubtless with the help of Google. This also applies to the history and
prehistory of Africa referred to here. Some I presented last year in Dar es Salaam (Jones 2009).
Starting with that done for my own PhD thesis (Jones 1984a & b), it represents several decades of
reading on the subject, which has moved into more modern times (Jones et al. 2007, 2008). Further
references pertaining to the past may be found in classics such as Bishop & Clark 1967, Mitchell
2002, Ucko & Dimbleby 1969.
AFRICAN CLIMATE CHANGE AND AGRICULTURE
We are not entirely certain when agriculture began in Africa, but it is a fair assumption that it was in
response to a certain amount of global cooling that followed the Holocene, a very warm period that
followed the latest Ice Age, which ended about 10 000 years ago, followed by a warming which lasted
about 5000 years. In Africa, of course, there was no ice, so the Ice Ages are known as ‘Pluvials’, as
they seemed to correspond to very wet periods interspersed with dry ones during all of which humans
developed their hunting and gathering skills and techniques, spreading out of Africa when opportune.
As the last such climate cycle ended only about 10 000 years ago, it is often argued that we are simply
moving towards the next one and that the Holocene (which also has various other names) has not in
fact ended.
However, this is the period in which agriculture was developed by humans, about 5000 years ago,
apparently independently in different parts of the world, and of course not all at exactly the same time.
Agriculture seemed to develop naturally from hunting and gathering, as humans found ways of
controlling the lives of plants and animals. Each ‘cradle’ of agriculture involved different crops and
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animals, selecting for domestication those most suitable locally, and only later adopting others when
contact occurred with other agricultural systems.
Before contact with the New World brought new crops to Africa, the ones most common seem to
have well adapted to conditions of low moisture.
Some later changes in environments, in turn impacting on climate, could have been due to the practice
of agriculture itself, just as some of the earlier extinctions of animal species were the result of human
hunting habits. These kinds of impact, however, seem to have less common in Africa than they were
in Europe and the Americas.
In early times agriculture was seldom as settled as it is today. In the wet tropics, soils became easily
exhausted, so even crop farmers had to move on after fairly short periods. Mostly, however, farmers
had animals to depend on as well, and this facilitated movement as well as being an insurance against
crop failure – although mixed cropping was usually also part of the system.
Africa gives us a whole range of examples of mobile agriculture. It is the only continent that spans
both tropics and the equator, so it is the most tropical of continents, which its agriculture reflects.
Aside from this, as the records show, there were cycles of minor change, meaning that every twenty
years or so any one area could experience a couple of years of drought alternating with extra wetness,
although this could be very local. On a larger cycle of about 100 years, more extensive and worse
droughts and floods could be experienced. All this kept people on the move, although there were little
pockets where people were luckier. Some of the Zambezi Valley, for instance, developed a very
durable and settled form of agriculture on the floodplain of that great river, ending only when Kariba
Dam was built. In the Inyanga highlands of Zimbabwe and also in parts of South Africa, agricultural
intensification in the form of terracing was utilized, and this presumably required a longer
commitment to crops than the more characteristic ‘long fallows’ (also called ‘shifting agriculture’ and
‘slash and burn’, with derogatory overtones).
Nobody really knows what causes these fluctuations in climate, although many guesses are made,
such as the regular occurrence of ‘spots’ on the sun and their possible relationship to temperature
changes in the mid-Pacific, which we now call El Niño/a and know that it is not only Africa that is
affected.
Even more mysterious are causes of the larger changes. We know that, in Africa, there were at least
two.
• Around 2000 BC, when the Sahara began to dry out after being relatively habitable at least by
pastoralists. This probably also coincides with the ‘Great Plagues of Egypt’ mentioned in the
Hebrew bible (Exodus 17-11), as many of the plagues described are symptomatic of the problems
of climate change.
• Around AD 1000, when there was a relatively sudden increase in the numbers of cattle, because
until then sheep seem to have been the preferred livestock, resulting in changes in the way people
organized their homes and societies, and seemingly leading to the slightly later formation of
powerful trading states such as those based at Mapungubwe and Great Zimbabwe.
It is even difficult to say that these changes happened in the context of either warming or cooling, as
the effects were probably felt differently according to altitude and wind patterns, just as they are
today. In some places wetter, in other places drier. In some warmer, in others cooler. Whatever the
effect, though, it lasted longer than usual and brought about changes in African agriculture. The
increase in cattle keeping is attributed to the decrease in the threat from the tsetse-fly, although this
would have to be explained as well, and no explanation is very convincing.
Throughout these changes, however, African agriculture continued mostly mobile, and hunting and
gathering remained an important part of the economy. The operative principle seems to have been
‘mix’. Mixed stock, mixed crops, mixed economies, and even mixing of people, ensuring that there
was always some fallback if one dependence failed.
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By the time that global population trends began to impact on Africa, in the forms of colonization and
the trade in industrial goods, African agriculture had already adopted some important crops and
animals from the rest of the world. These included maize, cassava, and breeds of poultry, cattle and
sheep, all of them rather less adaptable to the variations in climate that could be expected on a regular
basis, let alone major change. All the same, by the beginning of the 19th century, African farmers
were reportedly prosperous in most places where they were encountered, offering generous
hospitality, and they had in place well-tried and successful strategies for dealing with change. These
can be described as follows.
• MOBILITY. Dry seasons in the African savannah are perfectly suited to travel, so that seasonal
trade and hunting over large areas, long journeys undertaken on foot, were commonplace. In this
way alliances could be formed with quite distant groups, often involving marriage, so that, in times
of need, family groups knew where they could find an alternative place to settle. The common
practice of cattle ‘lending’ among cattle-based societies had this effect as well, besides being
something of a protective mechanism for the cattle herds themselves. This kind of mobility-cumalliance also lent itself to the formation of powerful chiefdoms, where a leader could attract
followers to settle around him. It is no coincidence that many powerful chiefs were shrewd judges
of environments, could specify when and what planting was to take place, and summon rain.
• EXTENDING OPTIONS. Along with trading and hunting, we know that African farming societies
engaged in as many economic activities as they could. Trading and hunting facilitated crafts, and
also the range of crops. Even today, in some areas, there is not just one variety of sorghum to be
found, but three or four. There are beans familiar over large areas, and some that only one valley
will know. Maize and cassava spread surprisingly rapidly, but this did not mean that older crops
were abandoned. When the ‘hungry’ season came during the early months of rain, wild leaves,
roots and fruit were available and known. New breeds of animal may have required different sorts
of husbandry, such as seasonal transhumance, but this fitted well with established lifeways.
Options were not replaced; they were simply increased.
• INTENSIFYING PRODUCTION. Increased variety also facilitated the effectiveness of crop
mixes. If mobility had the effect of frequently requiring the opening of new land, then it made
sense not to open too much of it, and to use fields to their optimum. Intercropping beans, maize,
melons, etc. could use small areas of land in an intense and labour-saving way, even if people were
slow to notice the ways in which different plants enhanced each other’s environments. The use of
terracing is also a form of intensification, conserving as it does both soils and water, but this may
have come about as a result of the need to occupy hillslopes for some reason external to
cultivation, such as getting a better view of grazing herds. Stock enclosures on a hillslope quickly
evolve into a simple form of terracing. Also, stock enclosures easily convert into gardens, whereby
animals and plants contribute to each other’s health in a form of rotation.
ARRIVAL IN THE TWENTY-FIRST CENTURY
The 19th and 20th centuries certainly changed African agriculture more than any exotic crops and
animals were able to do. Two main things seem to have happened:
•

MOBILITY WAS BROUGHT TO AN END. Colonial administrations not only took up what they
saw as ‘unused’ land, confining indigenous populations to smaller areas where they happened to
be found, but also they wanted greater control over people, only possible if they knew where to
find them. Some groups, such as the hunter-gatherers of the Kalahari and the nomadic
pastoralists of East Africa, manage to retain some of their mobility even now, but they are
fighting a losing battle. Today it is population increase as well as land hunger, which now
requires title deeds, that will ensure that those who may want to move cannot do so, except into
cities. It is no coincidence that the growth of cities is out of all control, even in Africa.

•

SOIL-TURNING WAS RECOMMENDED TO INCREASE PRODUCTION. Because the turning
over of soils in Europe and even North America has a beneficial effect on plant production, it
took too long – almost a century – for agronomists to notice the disastrous effect it was having
on tropical soils. Although it has now been known for 40 years or more that the mouldboard
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plow, not to mention multiple mouldboards pulled by a tractor, led to production decline rather
than increase, the solution has not been to abandon it, but to try to improve the soils with
chemicals. That this is not working either seems to be difficult for agronomists to admit, and one
can only suppose that vested interests in the form of big international fertilizer corporations are
making their influence felt. Not only do chemicals do nothing to address the problem of the
‘plow pan’, the hard layer that forms below the reach of the plow blade, but over-use and
leaching into the soils is seriously polluting water supplies for human consumption. Meanwhile,
these malpractices of the last 150 years or so have ensured that soils that were once arable no
longer are.
So we arrive in the 21st century with mobility denied, and good soils gone. We can assign blame, but
that does not help us find a solution. Besides, other problems are now descending on us.
IS THE CLIMATE GOING TO CHANGE AGAIN ?
Why not ? It has done so before, and we see the evidence in the variations we are currently
experiencing. In Africa, it is already well accepted that there are more frequent and intense droughts
and floods. We are told (Nyagumbo 2010) that temperatures will increase by 2.5-3º C by 2050, and
estimates suggest Africa could lose up to 30% of its maize crop by 2030.
This time, however, human activity is being blamed for increasing the levels of atmospheric carbon
dioxide, thus upsetting the temperature balances of earth and oceans. Evidence for this increase goes
back to the start of industrialization in Europe, so it is nothing new, only the alarm is. At the same
time, the thinking seems to be that, if humans caused it, humans can undo it, and this is probably a
false assumption.
Humans can unite over very little, and the kind of global agreement needed for the lowering of carbon
emissions seems to be quite beyond any international organization or political body. Part of the
difficulty probably is that it is by no means certain that curtailing carbon (and other greenhouse gas)
emissions will actually do the trick. It may already be too late, and the change will continue
regardless. This is the problem with a very complex organism, such as our earth is. Just changing
one thing can bring about unexpected effects, very seldom what is intended.
Another difficulty is that the world’s population continues to increase at an exponential rate, although
this rate has slowed a little, perhaps due to HIV/AIDS but more discernibly due to the material wealth
of some countries, where the desire to have expensive goods replaces the desire to have children.
This is not good news, if it means that industry must grow, grow, grow in order that population should
slow, slow, slow. It is the size and growth of industries (and this includes agro-industries and factory
farms) that cause the emissions, and the ever greater numbers of people to consume the products that
serve to perpetuate this growth. Also, there is every indication that the gap between rich and poor is
becoming wider, which means even longer before poor people are rich enough to stop reproducing.
For whatever reason, then, environmental change combined with climate change is on the cards and
nobody will escape it.
WHAT MEASURES ARE BEING TAKEN ?
Apart from the absurdity of denying the reality of climate change, and so requiring no measures, the
approaches can be divided into three main ones, although the measures required by each are
remarkably similar, and each feeds into the other.
1.

Slowing down (since reversing seems now impossible) the rate of change.

2.

Mitigating the effects, i.e. ensuring that change has a lesser effect, regardless of its degree.

3.

Adapting.

SLOWING THE RATE OF CHANGE
Measures seem to confine themselves to reducing the greenhouse gases (GHGs), mainly carbon
dioxide and methane, which operate to trap the earth’s emitted heat close to its surface, rather than
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allowing it to escape into the atmosphere. This, naturally, contributes to its increase. With GHGs
reduced, the increase will be too.
MITIGATING THE EFFECTS
This involves changes in lifestyle, to reduce the need for things which will be in short supply as a
result of the coming changes. The need for water is an obvious one which requires reduction. Other
things which will be in short supply are those which require a lot of water (many crops, and animals
such as cattle), or which are contributing too much to GHGs, such as long-distance transport. The
cost of fossil fuel extraction is in any case increasing, so the use of fossil fuels will also need to be
reduced, quite apart from their GHG contribution. In various ways, climate change is contributing to
the expense of many commodities, often by making them more rare, such as fish.
ADAPTING TO THE EFFECTS
However, if we give up what is expensive, there may not be much left. But then how much do we
actually need ?
Fish, for instance, can be farmed, but then this uses much water. We can give up beef, but even the
factory farming of pigs contributes to GHGs, and it is becoming apparent that factory farming carries
many serious health risks for humans. One adaptation, however, would be for humans to give up
eating farmed meat and only eat hunted meat, as in the remote past. Certainly we will need to get
used to eating less meat than we do now. Perhaps only eat what we can rear ourselves, including the
plants.
We can certainly adapt to using less water; it is very wastefully used, especially in cities today. Just
adapting to the proper use of dry toilets, doing without piped water from taps and using buckets
instead, doing without swimming pools, lawns, cut flowers, all these would be fairly minor
adaptations that could make a big difference.
And it may be no coincidence that all these things are what African farmers are already doing, have
been doing for centuries.
CAN AFRICAN FARMERS COPE ?
Why not ? They’ve done it before; they’re doing it already. However, this time they are handicapped
by a number of factors that may interfere with the implementation of strategies effective in earlier
centuries and millennia. These factors tend to have a close relationship with each other, and are
sometimes interchangeable, as can be seen in the following:
• LOSS OF MOBILITY. As described above. This in any case would be difficult in the light of
some of the other limiting factors, listed below.
• LOSS OF ARABLE LAND. Also described above. Although Conservation Agriculture and other
techniques of sustainability can restore soil fertility, this takes work and time, and is not easy. If
arable land is lost to urbanization, however, this cannot be dealt with even with that much effort.
• INCREASED POPULATION DENSITY. Undeniably true. There are now approximately 200
people where, two centuries ago, there was only one. The best forms of conservation agriculture
are very labour intensive, so this might seem good news, but it must not be forgotten that these
extra people will also have to share what food is produced. Also, unless they live in very high
towers, their living arrangements will be taking up land which might otherwise be arable – such as
that around today’s huge cities. There are being developed forms of ‘urban agriculture’ that use
any soil at all that is available in a city, and also ‘soil ladders’ for planting vertically up walls,
including ‘farming in a box’ that can be done indoors or even without soil, using hydroponics. If
cities change so as to accommodate these, there could be less pressure on the available land.
• REDUCTION IN AVAILABLE WATER. The extra people will also be taking up, as industry does
as well, more of the earth’s limited supply of water, so that less will be available for plants and
animals, even those not used in agriculture (so affecting the biodiversity which agriculture needs).
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This is even more reason to adopt strategies that effect the saving of soil water available to plants,
and in farming to opt for both plants and animals that have low water needs.
• GOVERNMENT POLICIES. Unfortunately, attitudes introduced by colonial powers have been
widely adopted by independent governments, their independence undermined by the globalization
of markets and the perceived need for international investment. No less a person than the UN
Special Rapporteur on the Right to Food has expressed concern that the governments of
developing countries are inviting large-scale investment in commercial farming that will degrade
both local productivity and the environment (De Schutter 2010, Patel 2010). In South Africa, no
less a person than our new Minister of Agriculture is proposing to scale-up production by
smallholder farmers by giving them tractors (Joemat-Pettersson 2010), even when such farmers
themselves have identified tractors as being a waste of money (Jones & Hanekom 1996:15) and an
economic threat, not even considering the environmental damage that they do.
WHERE CAN HELP BE FOUND ?
Apparently not from governments. And with governments suffering apparent delusions of grandeur,
and fostering the same in farmers, it even becomes difficult for non-governmental agencies or even
inter-governmental agencies like the FAO (Food And Agriculture Organization of the United Nations)
to convince farmers to look to their own resources for help. Yet this is where help is to be found,
even though farmers have become woefully accustomed to regulation by governments.
Much is made of ‘traditions’ in Africa, and the need to maintain them, when it comes to the treatment
of women, often very untraditional, or initiation ceremonies damaging either to young boys or to
animals, while it is commonplace to reject traditions as ‘backward’ if they appear in something so
vital to livelihoods as is agriculture.
But if we look at what is being recommended by international initiatives such as IAASTD
(International Assessment of Agricultural Knowledge, Science and Technology for Development):
“Governments must shift public sector financial support away from subsidies and programmes that
promote unsustainable input-intensive industrial agriculture. In their place, governments should utilise
agricultural policy tools that internalise environmental externalities, including policies rewarding
conservation, stewardship and protection of ecosystem services and imposing taxes on carbon emissions,
agrochemical use and water pollution. Governments must shift public sector financial support away from
subsidies and programmes that promote unsustainable input-intensive industrial agriculture. In their place,
governments should utilise agricultural policy tools that internalise environmental externalities, including
policies rewarding conservation, stewardship and protection of ecosystem services and imposing taxes on
carbon emissions, agrochemical use and water pollution.” (Greenpeace 2009:7)

Then it is clear that ‘business as usual is not an option’ – which is how the report is often summarized
– and to “internalize environmental externalities” requires that farmers need to find their own ways of
dealing with their own environments. In other words, the last couple of centuries of trying to improve
agriculture have done nothing of the sort, and that the knowledge and experience of those who
actually do the farming is more important than directives handed down to researchers by
governments.
Of course we have known about participatory techniques for a good many decades now, but the topdown approach is still very common, and it has suited governments to foster deference to authority,
even when they are democratic.
It may be difficult to open the eyes of farmers to their own traditions, and to see them positively, but
this is what will need to be done. The techniques of African traditional farming are remarkably close
to what is being recommended for Conservation Agriculture.
WHERE TRADITIONS CONVERGE WITH CONSERVATION AGRICULTURE
Even though CA is considered something new and innovative (which at least does not stigmatize it as
backward technology), it draws surprisingly widely on very old traditions of agricultural practice,
many of them still in place in Africa. To some extent this is because agricultural scientists had a
closer look at those traditions, and observed their advantages in terms of soil life, fertility and
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viability, water retention and general sustainability. There are thus now scientific arguments to be
used, although full testing enough to convince politicians still seems to be lacking.
First, some definitions (see also Appendix A):
“CA aims to conserve, improve and make efficient use of natural resources through integrated
management of the soil, water and biological resources. It has the potential to increase crop production
while simultaneously reducing erosion and reversing soil fertility decline, improving rural livelihoods and
restoring the environment.” (FAO 2000)

Principles which have emerged from definitions have been simplified and condensed into the
following (Richard Fowler, pers. comm. as well as various documents of the African Conservation
Tillage Network, ACT):
“The simultaneous and sustained application of four principles, viz:

1.

minimal soil disturbance (ideally No Till & Direct Seeding)

2.

permanent soil cover (ideally 100% + using crop residues and/or green manure cover crops)

3.

multi-cropping (ideally crop rotation)

4.

the integration of crop & livestock production.”

The last one is not always included, and seems to have been added later by no less a person than the
father of African Conservation Tillage (ACT), the late Richard Fowler himself (pers.comm.). It is
particularly appropriate for Africa, given that the rearing of livestock is still the best livelihood for
humans in marginal environments (ELIDEV 2009; van t’Hooft 2009). Types of livestock and
methods of management are the matters which require thought.
But where may traditions fit in ?
MINIMAL SOIL DISTURBANCE
Using hoes, even more using planting sticks, were ways of creating very little soil disturbance while
creating a good environment for the germination of introduced seeds (the technique also seems to go
under the name of ‘pot-holing’, also for its advantages in capturing water). This is still true, but the
tradition is expressed in the past tense because of the enormous labour requirements imposed,
particularly on women. The cost of this is now more apparent than in the past, which is why animaldrawn implements such as the ripper-planter have been developed (actually still in the process of
development). With an animal such as a donkey that is culturally acceptable for handling by women,
the exercise of this principle may be brought directly back to Africa’s traditional cultivators: women.
Only now they can operate more quickly.
PERMANENT SOIL COVER
This is effected by minimizing the soil disturbance, of course. With no plowing or other kind of
wholesale vegetation-clearing, plants are left in the soil. This may include weeds, i.e. those plants
seen to be in competition with the crops, and it is often indigenous knowledge that can distinguish
competition from contribution. It is the application of this knowledge that can ensure that, within a
couple of years, competition is eliminated and contribution is enhanced. The use of crop residues is
often a matter of livestock management, whereas the creation of green manures, cut vegetation left
covering the soil, is another operation which may economically involve the use of working animals,
given the right implements.
Otherwise, the next principle is specifically designed to ensure soil cover composed contributing
rather than competing plants, this time actively growing.
MULTI-CROPPING
While crop rotations often are incorporated in traditional planting patterns, a very long fallow is more
common. Intercropping, i.e. the planting of different kinds of plant to grow together, or at least to
overlap in time, is very much in African agricultural traditions as well as elsewhere in tropical
environments where soils do not hold nutrients for very long, however good their structure. Rainfall
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is too strong. So there are well-tried traditions about which crops will do well together, and how and
when they should be planted. Maize and cassava, although introduced from the Americas, have been
around Africa for several centuries, so are well embedded in the traditions. There may be new kinds
of bean to grow with them, and new kinds of cucurbits, but the grain/legume/cucurbit mix is a tried
and tested one, and deserves the input of experience. There are also traditions which evolved with
various kinds of indigenous yam, which are now in use with sweet potatoes and cassava. This of
course does not only apply to mixes, but to planting and harvesting techniques as well, not to mention
storage. Ignoring such traditions can result in a waste of everyone’s time, not least that of farmers.
Where they are still knowledgeable about indigenous crops, they have much to contribute on the
matter of mixes and rotations.
INTEGRATION OF LIVESTOCK
As already mentioned, livestock cannot be ignored, and must be incorporated into any African system
of conservation agriculture that hopes to be sustainable.
Animals have much to contribute to agriculture. Each one is a small processing factory for vegetable
wastes, converting them into food and other animal part for human consumption, but also into what
might be termed ‘value-added wastes’ for enhancing soil fertility. But humans don’t only consume
animal parts; they also consume animal work (Jones 2008). This has become more important in the
last few centuries, as human work has become more valuable and therefore in shorter supply.
Implements have been developed for conservation agriculture that are designed to save human time.
However, they require power which humans are not always able to provide. Nor can it be argued that
machinery powered by fossil fuels should do the work; this was always very expensive and has
become more so. In any case, as animals can provide more than just work, it only makes sense to use
animals.
The matter comes down to what kinds of animal and what kinds of management are required. Each
community would know what is most appropriate, and it is they who must be asked. After all, Africa
has very long traditions of animal husbandry. If cattle must be dispensed with so as to protect the
environments, there are animals with much lower environmental demands, such as sheep, goats and
donkeys, that are well able to provide what is needed.
CONCLUSIONS
It would seem, therefore, that nothing more is needed than to refer back to traditions, from which
lessons may be drawn for the future. Naturally there are traditions now made redundant by changed
conditions such as hugely increased population densities and urbanization. These call for their own
solutions. However, where the management of soils and water for the purposes of farming are
concerned, traditions go back thousands of years to a time when Africa was possibly drier than now,
and solutions leading to sustainability are not hard to find.
The experience of farmers is an important resource. It should not be forgotten that, traditionally,
Africa’s cultivators were women. For them to play a role now, they need to have reasonable access to
land and to the management of animals. If there are traditions that exclude women from these, they
are among the traditions that need to be set aside in the interests of agricultural sustainability.
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APPENDIX A
(from Dumanski 2004)
Conservation agriculture (CA) is not “business as usual”, based on maximizing yields while over-utilising the soil and
agro-ecosystem resources. Rather, CA is based on optimizing yields and profits, to achieve a balance of agricultural,
economic and environmental benefits. It advocates that the combined social and increasingly economic benefits gained
from combining production and protecting the environment, including reduced input and labor costs, are greater than
those from production alone. With CA, farming communities become providers of more healthy living environments for
the wider community through reduced use of fossil fuels, pesticides, and other pollutants, and through conservation of
environmental integrity and services.
Conservation agriculture is the integration of ecological management with modern, scientific, agricultural
production. Conservation agriculture employs all modern technologies that enhance the quality and ecological integrity
of the soil, but the application of these is tempered with traditional knowledge of soil husbandry gained from
generations of successful farmers. This holistic embrace of knowledge, as well as the capacity of farmers to apply this
knowledge and innovate and adjust to evolving conditions, ensures the sustainability of those who practice CA. A major
strength of CA is the step-like implementation by farmers of complementary, synergetic soil husbandry practices that
build to a robust, cheaper, more productive and environmentally friendly farming system. These systems are more
sustainable than conventional agriculture because of the focus of producing with healthy soils.
Conservation agriculture promotes minimal disturbance of the soil by tillage (zero tillage), balanced application of
chemical inputs (only as required for improved soil quality and healthy crop and animal production), and careful
management of residues and wastes. This reduces land and water pollution and soil erosion, reduces long term
dependency on external inputs, enhances environmental management, improves water quality and water use
efficiency, and reduces emissions of greenhouse gases through lessened use of fossil fuels. Conservation agriculture,
including agroforestry, specialty crops, and permanent cropping systems, promotes food sufficiency, poverty reduction,
and value added production through improved crop and animal production, and production in relation to market
opportunities. Reduced tillage leads to lessened human inputs, in both time and effort – this is generally attractive
overall, but it is critical in HIV-affected regions.
Conservation agriculture is best achieved through community driven development processes whereby local
communities and farmer associations identify and implement the best options for CA in their location. Local, regional
and national farmer associations, working through community workshops, farmer-to-farmer training, etc., but with
technical backstopping from conservation professionals, are the main players in the promotion of CA.
Conservation agriculture provides direct benefits to environmental issues of global importance. These include land
degradation, air quality, climate change, biodiversity and water quality. Conservation agriculture relates directly to the
United Nations Framework Convention on Climate Change, the International Convention on Biodiversity, the
International Convention to Control Desertification, and the various agreements on international waters.
THE PRINCIPLES OF CONSERVATION AGRICULTURE
Conservation agriculture emphasizes that the soil is a living body, essential to sustain quality of life on the planet. In
particular, it recognizes the importance of the upper 0–20 cm of soil as the most active zone, but also the zone most
vulnerable to erosion and degradation. Most environmental functions and services that are essential to support
terrestrial life on the planet are concentrated in the micro, meso, and macro fauna and flora which live and interact in
this zone. It is also the zone where human activities of land management have the most immediate, and potentially the
greatest impact. By protecting this critical zone, we ensure the health, vitality, and sustainability of life on this planet.
The principles of CA and the activities to be supported are described as follows:
• Maintaining permanent soil cover and promoting minimal mechanical disturbance of soil through zero tillage systems, to ensure
sufficient living and/or residual biomass to enhance soil and water conservation and control soil erosion.

•

In turn, this improves soil aggregation, improves soil biological activity and soil biodiversity, improves water quality,
and increases soil carbon sequestration. Also, it enhances water infiltration, improves soil water use efficiency, and
provides increased insurance against drought. Permanent soil cover is maintained during crop growth phases as
well as during fallow periods, using cover crops and maintaining residues on the surface;
Promoting a healthy, living soil through crop rotations, cover crops, and the use of integrated pest management technologies.
These practices reduce requirements for pesticides and herbicides, control off-site pollution, and enhance biodiversity. The
objective is to complement natural soil biodiversity and to create a healthy soil microenvironment that is naturally aerated, better
able to receive, hold and supply plant available water, provides enhanced nutrient cycling, and better able to decompose and
mitigate pollutants. Crop rotations and associations can be in the form of crop sequences, relay cropping, and mixed crops;

•

Promoting the application of fertilizers, pesticides, herbicides, and fungicides in balance with crop requirements.
This principle is based on feeding the soil rather than fertilizing the crop. The strategy is to reduce chemical pollution of the
environment, improve water quality, and maintain the natural ecological integrity of the soil, while optimizing crop productivity
and the economic returns;

•

Promoting precision placement of crop inputs to reduce input costs, optimize efficiency of operations, and prevent environmental
damage.
This principle is based on treating the problems at the field location where they occur, rather than blanket treatment of the field, as
with conventional systems. The benefits are increased economic and field operation efficiencies, improved environmental
protection, and reduced (optimized) input costs. Precision is exercised at many levels: seed, fertilizer and spray placement;
permanent wheel placement to stop random compaction; individual weed killing with spot-spraying rather than field spraying, etc.
Global positioning systems are sometimes used to enhance precision, but farmer sensibility in problem diagnosis and precise
placement of treatments is the principal basis. In small scale farming systems and horticultural systems, it also includes differential
plantings on hills and ridges to optimize soil moisture and sunshine conditions;
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• Promoting legume fallows (including herbaceous and tree fallows where suitable), as well as promoting composting and the use of
manures and other organic soil amendments.
This improves soil structure and biodiversity, and reduces the need for inorganic fertilizers;
• Promoting agroforestry for fiber, fruit and medicinal purposes.
Agroforestry (trees on farms) provides many opportunities for value added production, particularly in tropical regions, but these
technologies are also used as living contour hedges for erosion control, to conserve and enhance biodiversity, and to promote soil
carbon sequestration.
Conservation agriculture strives to develop a balanced co-existence between rural and urban societies, based on
increased urban awareness of the environmental benefits and services provided by the rural sector. It works with the
international and national market place to develop financial mechanisms to ensure that environmental benefits provided
by CA are recognized by society at large, and benefits accrued to CA practitioners. A recent example is the marketing
of carbon credits under the Kyoto Accord, but this is only the beginning. Many other opportunities for environmental
payments will develop in the future, including the potential for farm products produced under a new “conservation
label”. The rapid adoption of conservation technologies by large as well as small farmers in many areas of the world,
often without government support, is clear evidence of the economic, environmental and social benefits that accrue
from these practices.
Agricultural and Environmental Co-Benefits of Zero Tillage
Zero tillage is a “cornerstone” of CA, and it can be practised in both large and small farming systems. With zero till (also
termed no-tillage and direct drilling) the only tillage operations are low-disturbance seeding techniques for application of
seeds and fertilizers directly into the stubble of the previous crop. Gradually, there is an increase in the organic matter of
the surface layers of zero tilled land, due to reduced erosion, increased yields resulting in more crop residue added to the soil
surface, and differences in the assimilation and decomposition of soil organic matter. Gradually, an organic mulch is developed
on the soil surface, and this is eventually converted to stable soil organic matter because of reduced biological oxidation
compared to conventionally tilled soils. Zero tillage is effective in mitigating many of the negative on-farm and off-site
effects of tillage, principally erosion, organic matter loss, reduced biodiversity and reduced runoff. These conditions are
replaced with permanent soil cover, improvements in soil structure, improved organic matter status, improved water use
efficiency, and improved soil biology and nutrient cycling.
Most of the agricultural benefits of zero tillage relate to increased organic matter in the soil. This results from the
combination of eliminating soil disturbance in conventional tillage, increased biomass from improved crop yields,
greater diversity of types of organic matter from increased rotation and cover crops, reduced erosion and differences in
the assimilation and decomposition of soil organic matter from reduced surface soil temperatures and increased
biodiversity. With time, the soil gradually becomes physically and chemically stratified with a mulch of accumulated
plant litter at the soil surface, rich in organic carbon and nutrients. The mulch layer creates a stable microbial ecology
and environment for biological activity, and insulates the soil from temperature extremes and rapid desiccation. The
microbial and macrofaunal (earthworms) populations of these soils become more like those of natural soils. Their
activivty greatly enhances the assimilation and transfer of surface organic mulches into deeper soil layers, and in the
process creating physically-robust channels to enhance water penetration and dispersion into the soil. In years of
average or above average rainfall, the improved soil conditions ensure crop yields comparable to those with
conventional tillage, but often with considerably less fertilizer and other inputs. In dry years, the improved soil moisture
levels, aggregation and organic matter status of the zero till soils often ensure yield where conventionally tilled soils do
not. Profit margins with zero tillage are normally better than under conventional tillage systems, and this enhances the
sustainability and future continuity of the CA farming systems..
Zero tillage, including controlled traffic (where all in-field traffic traverse only specified wheel or foot tracks), is highly
compatible to precision treatment of field conditions. Procedures include differential fertilizer applications according to
nutrient requirements, spot spaying for weed control, controlled traffic in association with zero till, etc. As a
consequence, wetlands, water bodies, habitats, and stream courses in agricultural areas can be better protected. In
high input systems, precision treatment is becoming popular because of the improved efficiencies of operation and
reduced input costs. At the same time, these principles have been used for many centuries in low input systems to
optimize local nutrient, soil moisture, and sunshine conditions, as well as natural plant symbiosis.
Zero tillage is also conducive to promotion of the environmental integrity of the soil systems, and to the
maintenance of environmental services. The stability of the soil organic matter under zero tillage, due to enhanced soil
aggregation and reduced erosion, enhances sequestration of atmospheric carbon and contributes to mitigation of
climate change. Soil carbon sinks are increased by increased biomass due to increased yields, as well as by reducing
organic carbon losses from soil erosion. Fuel use and tractor hours are reduced up to 75%, with further reductions in
greenhouse gas emissions. Other environmental benefits include reduced siltation, eutrophication and pesticide
contamination of rivers and dams. The system is also valuable to mitigate the environmental effects of droughts by
ensuring some biological production, surface cover, and erosion control even under severe conditions, due to the
greatly improved soil aggregation, biodiversity and organic matter status, and subsequent improved water infiltration
and water storage in the soil.

[Following pages, 102-111, taken up with slides from PowerPoint presentation, deleted from this
version]
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