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Smallholder farmers in South Africa
discovered that the crops they planted on
a farm they had bought under a
community purchase scheme developed
very poorly. Growth was stunted and there
were many deformities. With the help of
researchers they discovered that their soil
was infested with root-knot nematodes
and they set about looking for farmerfriendly ways of tackling this pest. In
doing so they started to experiment with
different types of crops and cropping
patterns.
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From soil erosion to soil quality

Jon Hellin

Steeplands are cultivated throughout the
tropics and, as a result, soil erosion is
often a common problem. This article
explains why, when working with
farmers, it is important to concentrate on
the enhancement of soil quality rather
than on controlling soil erosion. Farmers
are not always conscious of soil erosion
taking place. However, they are very
sensitive to any change in soil
productivity. In such situations an indirect
approach that combines conservation
technologies and agronomic practices
may be the most successful way of
ensuring improvements in soil quality and
checking erosion.
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Northern Nigeria in the 1970s, the Kano State Forestry Department
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DEAR READERS
As ILEIA approaches its Twentieth Anniversary (1984 – 2004), a
number of interesting new institutional developments are taking
place. First, we are delighted to welcome four new members to the
ILEIA Board:
• Dr. Guido Gryseels, Director, Royal Museum for Central Africa,
Belgium;
• Dr. Jan Pronk, Professor in Theory and Practice of International
Development, Institute of Social Studies, The Netherlands;
• Dr. Paul Engel, Director, European Centre for Development
Policy Management, The Netherlands;
• Dr. Teresa Fogelberg, Special Adviser, Netherlands Ministry
of Spatial Planning, Housing and the Environment,
The Netherlands.
We are certain they will make valuable contributions to the
development of ILEIA’s activities. Second, we have strengthened
the ILEIA team in the Netherlands with two new editors:
Mrs. Erika van Duijl and Mr. John Hollands. Both will work on the
production of the LEISA Magazine. With the team complete once

again we can increase our efforts to strengthen our collaboration
with our partner organisations and work towards establishing new
regional editions of the LEISA Magazine.
In February 2004 the editors of the five regional editions of LEISA
Magazine will meet with their colleagues in the Netherlands during
the annual International Editors Meeting of the LEISA Magazines.
During the meeting ideas for increasing the flow of information
between the regional editions of the LEISA Magazines, strategies
for extending their outreach, and plans for the further development
of the global LEISA network will be discussed. Our aim, as always,
will be to make as much information on LEISA available to as many
people as possible. This is a huge task and requires not only the full
commitment of the ILEIA team and its regional partners, but also
the active support of all our readers. You can help us by spreading
information on LEISA to friends and colleagues – and by making
sure they subscribe and get their (free) LEISA Magazine!

With this edition of the LEISA Magazine we send all our readers our best wishes for the New Year
and we hope that 2004 will bring you happiness and good fortune.

The Editors

Reversing
degradation
Fertility gradient
on terrace in
Uganda. Photo:
William Critchley

Land degradation is a broad term and refers to the way in which
the quality and productive capacity of the soil can be temporally or
permanently undermined. It includes such processes of physical,
chemical and biological deterioration as the loss of organic matter,
the reduction of vegetative cover and biodiversity as well as a
general decline in soil life and fertility. Degradation also results in
soil compaction and erosion, a reduction in its water holding
capacity and increased salinization in areas where irrigation has
been poorly managed or where there is toxic chemical pollution.
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Land degradation is something that most small farmers in the
South are familiar with, although they may not use that term. They
report that the soil is getting thinner, that there are more stones on
the surface and that their soil is “tired” and “worn out”. In some
places production has fallen dramatically, it is difficult to find
firewood and water sources have dried up. Changes in land use
practices or pressure on land that make traditional farming
methods unsuitable are the main reasons for land degradation in
many parts of the world. Restricted access to more productive
agricultural lands also force farmers to cultivate more marginal
areas such as forested slopes that have low farming potential and
are vulnerable to soil erosion once forest cover has been removed.
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Land degradation is closely linked to farming practice and it is
often suggested that small farmers and the circumstances in
which they farm lead to accelerated soil erosion and the rapid
deterioration of the landscape. However, most farmers depend on
the land for their survival and are deeply attached to it. They do
not degrade it by choice. Their main concern is to maintain its
productivity and use it to support their families and provide a
future for their children. Though the direct reason for land
degradation may be farming practices, underlying socioeconomic and political factors form the context in which this
takes place. These factors include unequal access to land and
resources, including income, needed to keep it in good condition.
But small-scale farmers are not the only ones who face soil
degradation problems. Large-scale and intensive agriculture can
often have a crippling effect on even the best agricultural soils. In
this type of agriculture, the over-use of fertilisers and pesticides,

heavy machinery and monocultures all contribute to land
degradation. Often it is market pressures and the need to
maintain a competitive position in export markets that force
farmers to adopt practices that lead to soil degradation.
Although land degradation is a worldwide phenomena countries
in the South tend to suffer more severely from its consequences
than countries in the North. This is partly a result of geological
and climatic conditions, but also because many millions of
people in the South are directly dependent on farming for most of
their livelihoods and income. The link between agricultural
production and livelihoods is much less direct in the North, but
ultimately we all need good food produced on healthy soil.
Present agricultural practices threaten the resource base on which
we all depend.
At present, all land suitable for agricultural production is in use.
There are no reserves of good land into which agriculture can
expand as it tries to meet the needs of the growing global
population. The world’s demand for food will have to be met by
intensifying agriculture on land already in cultivation. The
logical conclusion is therefore that we must take good care of the
agricultural land we have, ensure that it is kept in productive
condition and improve when necessary. Regrettably, this is not
the case at the moment. Although it is difficult to quantify the
impact of soil degradation, the estimates available are alarming.
The Global Assessment of Soil Degradation (GLASOD) has
estimated that nearly 2 billion hectares worldwide or 22 % of all
cropland, pasture, forest and woodland have been degraded since
1945. Of the 1.5 billion hectares cropland worldwide, an
estimated 38% has been affected to some degree by humaninduced soil degradation and more than 6% has been degraded to
such an extent that rehabilitation is only possible with large
capital investments. Recent global studies indicate that one
quarter of the world’s agricultural land has been degraded at a
rate that has consistently accelerated over the last 50 years.
Various sources suggest that between 5-10 million hectares of
arable land are lost annually to severe degradation. For an
overview of the regional extent of degradation, see Table 1.

Although we know that soil degradation threatens agricultural
productivity in the long term, it is difficult to determine exactly
how and to what extent soil degradation affects productivity or
what this means in terms of declining farm production. This is
because of the complexity of factors involved and the way in
which they interact with each other.

Although a good plant cover is necessary to protect the soil the
plants used should ideally serve other purposes that clearly
benefit farmers and which they appreciate. The introduction of
trees and shrubs to rehabilitate degraded grazing lands in the
Philippines were successful because the species selected were
useful sources of fodder (Calub, p. 22).

Although some types of degradation are irreversible, most can be
prevented and some can also be reversed. Nutrients can be added
to nutrient-depleted soil, for example, or top soil can be rebuilt
by incorporating organic matter or by introducing physical
erosion control measures. However, rehabilitating degraded land
requires much more effort and investment than introducing
measures to prevent degradation in the first place.

The successful introduction of cover crops, for example, depends
to a large extent on the advantages these plants offer to farmers
(Bunch, p. 16). Cover crops can be quite aggressive creepers and
may compete with the main crop. On the other hand, if
leguminous plants are used as cover crops they add nutrients
because they fix air-borne nitrogen and make it available for the
crop. If soil is very badly degraded, however, even leguminous
plants that will help restore the soil will have trouble growing. In
such situations a number of additional measures will be required
to restore soil quality (Giller, p. 19).

Nevertheless, much is being done to rehabilitate degraded land
and efforts by researchers, policy makers, extensionists and
farmers are taking place at international, national, regional and
local levels. Results at field level vary considerably and often do
not bear much relation to the efforts involved. Examples here
include the large-scale soil conservation activities undertaken in
recent decades. Heroic efforts have gone into building erosion
controlling structures such as bunds, shelterbelts and vegetative
barriers with the help of incentives, only to realise that these
structures were not maintained (Hellin, p. 10). While techniques
may be technically relevant and effective, they may not be
appropriate for the particular situation of the farmer. Farmers
will, therefore, have quite clear preferences for certain measures
(Belay, p. 12; Hart, p. 6). This can be taken into account if
farmers are involved from the beginning and this is exactly why a
number of experiences described in this edition of the LEISA
Magazine have been successful. A very useful method of actively
involving farmers at all stages of the process is the Farmer Field
School methodology (Onduru, p. 26).
A good plant cover is very important for preventing soil
degradation and achieving soil rehabilitation. A vegetative cover
has a number of beneficial effects on soil aeration, soil moisture
and organic matter content, physical characteristics and
biological activity in the soil. In addition, a plant cover protects
against erosion by wind and water. This makes them one of our
most versatile allies in our efforts to protect the land and the
reason why a number of articles in this edition deal with
vegetative covers. Okon (p. 21) shows that even some weed
species can be useful by describing how “Awolowo” – a wellknown weed – is used in Nigeria as a cover crop in order to get
rid of more aggressive weeds such as Running Carpet grass.

Soil life is very important to the health and functioning of the
soil. The soil harbours a great variety of microscopic and
macroscopic life. These creatures digest organic material and
make minerals available to the plants, thereby contributing to
plant growth. Legumes are able to fix nitrogen from the air with
the assistance of Rhizobium bacteria if the right kind is present in
the soil (Giller, p. 19). The presence of effective strains of these
bacteria in the soil can be enhanced by reproducing them in a
laboratory and mixing them with seed before sowing. This can
lead to significant yield increases (Montañez, p. 9). However,
some microorganisms may be noxious for crops and the presence
of high populations of these organisms will affect plant growth
and crop yields. The root-knot nematode in South Africa is an
example (Hart, p. 6).
Farmers are not the only ones who should be involved in soil rehabilitation activities. Such efforts usually require a multi-disciplinary approach and strong collaboration between different stakeholders. This was an important factor in achieving a nation-wide
adoption of Rhizobium inoculation in Uruguay (Montañez, p. 9).
Finally, efforts related to the rehabilitation of soil and land should
be an integral part of regional and national (agricultural) policies.
The Biological Nitrogen Fixation Programme in Uruguay was
part of the national Agricultural Development Plan (Montañez,
p. 9) and as the article by Riggs shows agroecological restoration
in Guandong, China was facilitated by the formal policy
developed by Guandong Province (Riggs, p. 24).
■

Region

Africa
Asia
South America
Central America
North America
Europe
Oceania
World

% of land degraded
Agricultural land
Permanent pastures Forests and woodland
Degraded Seriously degraded
65
31
19
38
20
27
45
14
13
74
11
38
26
11
1
25
35
26
16
19
8
38
21
18

All used land
30
27
16
32
9
27
17
23

19
16
9
31
7
20
1
14
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Table 1: Global estimates of land degradation, by region and land use (adapted from Scherr, 1999).
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Little bugs, big problems
Tim Hart, Roberta Burgess and Hans Hugo

In 1999, small-scale farmers, organised in the Friemersheim
Kleinboer Vereniging (FKV), purchased an under-utilised
100 hectare commercial farm near their village in the SouthWestern Cape (South Africa). This arrangement had been made
possible through the South African Government’s Land Reform
Programme (see LEISA Magazine 19.3 pp 27-29). The newly
acquired land had been left fallow for many years and in several
places there were heavy concentrations of weeds such as
Australian Black Wattle (Acacia sp.), Hakea trees (Hakea sp.)
and Night Shade (Solanum nigrum).

Early harvests
After the purchase, the old farm was divided into two-hectare
plots and distributed to the members of the FKV. Their first
planting season was in 2000 when most of them cultivated a
mixture of vegetables, maize and legumes. Deformities began to
be noticed in some root vegetable crops by mid-2001. However,
farmers observed that although crop growth was stunted in some
parts of their smallholdings, the same crops did well in other

crop problems especially the deformities and stunted crop
growth in root and tuber vegetables. The researchers recognised
that these signs suggested that there might be a high level of
root-knot nematode infection in the soil of some of the
smallholdings.

Soil problems explained
When the growth of some of the Honeybush plants at the trial
site also appeared stunted, the researchers started to look more
closely at the problem. An examination of the trial plantings
revealed galls or knot-like growths on the plants’ roots.
Laboratory tests proved these galls were caused by root-knot
nematodes. Root-knot nematodes are microscopic organisms
that live parasitically in plant roots. They cause root knots or
galls, which make it difficult for the plant roots to take up water
and other nutrients. As a result plant growth is stunted and root
vegetables such as carrots and beetroot become deformed. In
this case the root-knot nematode involved was identified as
Meloidogyne javanica. This organism can live in more than
700 species of plants, including most vegetables and a large
number of weeds. The weeds that were present on the farmers’
land – Australian Black Wattle, Hakea trees and Night Shade –
and crops such as tomato and potato were known to be good
hosts to the nematode. Many brassica species such as cabbage
and cauliflower, however, are not and can be grown without
problem. Working the plant material of these varieties into the
soil after harvest bio-fumigates the soil and can help control the
nematode population. In the absence of host plants, root-knot
nematodes cannot survive for more than a year or two.
A meeting was held with interested farmers and the research
team explained the effects of the root-knot nematode and
suggested that crops should be planted that would not host these
organisms. These crops could be planted and seasonally rotated
with other crops to reduce the number of nematodes in the soil.
Local commercial farmers used to rotate crops and this, together
with other farming practices, may have been the reason why
they had not experienced a problem with nematodes.
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Galls on the roots of a Honeybush plant. Photo: Tim Hart
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areas. They immediately suspected that the condition of the soil
was responsible for these irregularities. They knew they had
cultivated all parts of their plot in the same way and had used the
same inputs and practices. They did not know what the problem
was and neither did local commercial farmers in the area.

Land with problems
During 2000, some of the farmers involved in the FKV began to
work with researchers from the Agricultural Research Council
Infruitec-Nietvoorbij (ARC) to establish a new economic crop,
Honeybush (Cyclopia spp.), used as a herbal infusion and a
potentially valuable export commodity.
During the sessions when researchers were training farmers and
providing them with information on various aspects of
Honeybush cultivation, the farmers began to talk about their

The farmers wanted to know how much of their land was
infested with nematodes and asked the researchers to carry out a
survey. Working together, farmers and researchers surveyed
about 40 hectares of land over a two day period in September
2002 during which samples were taken from farmers
smallholdings. Farmers were also asked about the history of
their piece of land and to explain their crop planting and crop
rotation practices.
When soil samples were analysed, researchers found there was a
high level of infestation of root-knot nematodes on most of the
smallholdings. Samples taken from land that had not yet been
cultivated also showed a high presence of root-knot nematodes.
Samples taken from plots where farmers had planted vegetable
crops indicated even higher concentration of the pest. This
suggested that their cropping practices might be making the
problem worse.
This suspicion was confirmed when researchers analysed the
survey data further and compared it to the data they had
collected on the various cropping practices farmers had followed
in the period 2000-2002. Most farmers had planted Irish
potatoes – a favourite root-knot nematode host – season after
season, without observing any resting period or crop rotation.

Identifying locally appropriate solutions
The researchers suggested four options that could be used to
restore soil health under present circumstances. Farmers could:
• Fumigate the soil with chemical soil fumigants;
• Plant marigolds and plough the plant matter into the soil
before it began to form seeds;
• Plant oats on the affected soil for a few seasons to control and
possibly arrest the root- knot nematode levels;
• Plant broccoli, cauliflower or cabbage and plough the plant
material into the soil after harvest.
The options selected by individual farmers depended on their
social and economic situation and the resources they had
available. Some of farmers, for example, had access to alternative
employment and income, which made them less reliant on
agricultural production and better able to try out more costly and
long-term measures than farmers who had no alternative source
of income.

Mr Hans Hugo carrying out soil sampling. Photo: Tim Hart

Options
After the samples and the cropping practises had been analysed,
three members of the research team met with each farmer on
their smallholding and explained the extent of the nematode
problem to them, advising them on possible strategies to reduce
the numbers of root-knot nematodes in the soil. Researchers
agreed that, once the farmers had selected the option that best
suited their individual circumstances, they would help them draw
up a proposal to obtain support and funds to tackle not only
nematode infestation but also other soil health problems. In the
FKV area these problems included poor soil fertility, soil borne
diseases and inappropriate crop rotation systems.

All the farmers immediately ruled out the fumigation option
because of the cost and the long-term damage it could do to soil
biology. They did not consider planting and ploughing in
marigolds to be an appropriate strategy because whilst marigolds
might control nematodes, they could not be eaten and they did
not generate income. Farmers did not want options that involved
spending money on external inputs or ones that would involve
taking land out of production and a subsequent loss of income.
Some farmers decided to plant oats on their land because the
crop could be used to feed livestock. Others were more interested
in planting cabbages and other brassicas. All farmers wanted
more information on the type of crop rotation systems that would
reduce the nematode numbers.
While the researchers and farmers were developing a concept
project proposal to address the soil health problem in an organic
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Discussing cropping patterns with farmers. Photo: Tim Hart
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and sustainable way, four farmers started using local resources to
try and develop ways to control and reduce the presence of rootknot nematode. They did not use any external inputs but relied on
low-external-input suited appropriate to their specific farming
needs and providing immediate benefits.

Working together
Two farmers, for example, decided to combine their resources in
order to tackle the root-knot nematode problem. In 2002, they
agreed to plant oats on one of their smallholdings and food and
cash crops on the other. In 2003, they intend to repeat this
process. In 2004, they will plant oats where the food and cash
crops had been and food and cash crops on the land where oats
had been planted. These two farmers are considering the
possibility of getting a third farmer involved in the process. Not
only is this a good strategy as far as soil health is concerned, it
also encourages the conservation of soil nutrients in general.

he wants to scale-up his crop rotational practices and completely
rehabilitate his smallholding.

Future steps
Seeing the work being done by innovative farmers, two other
smallholders made parts of their farm available for
experimentation. At the moment this land is being planted with
cabbages and these will later be rotated with other suitable
vegetable crops.
Not all farmers are interested in taking part in experiments,
however. Some have said they are going to wait to see whether
the project proposal is successful in generating funds and further
support, while others do not see the root-knot nematode problem
as hindering their particular type of farming activity. There are
also farmers who, for financial reasons, cannot change their
cropping pattern even though they recognise that such a step
might help them rehabilitate their land.

Conclusion
It is still too early to say whether the measures that farmers are
trying to develop in Friemersheim will be effective in arresting or
reducing the level of root-knot nematode infestation. At this stage
we are unsure what other changes might have taken place. We
also need to be able to account for the changes we have observed.
Structured and regular soil monitoring is needed in all the areas
where farmers are trying to develop new nematode management
and soil health strategies in order to assess whether soil
composition and nematode levels have changed as a result of
their interventions.
Structured surveys of the soil where farmers have not introduced
innovative practices are also necessary. The results from these
surveys must be analysed and compared to those obtained in
areas where measures are being undertaken to restore soil health.
This type of data will give farmers the information they need on
the effects their different interventions have had on soil content
and nematode numbers over time and can be used as a basis for
providing advice on soil management.
Honeybush field with low plant density probably due to root-knot
nematodes. Photo: Tim Hart

Single plot rotation
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In 2002, another farmer planted oats on three-quarters of his land
and used the remainder of his plot for food and cash crops. In
2003, he ploughed in some of the oats and started planting
cabbages at periodic intervals. He intends to rotate his vegetable
crops each season. Like his colleagues who are also using the
oats rotation, he intends to practise crop rotation on a regular
basis and on a larger scale once the nematode population has
been reduced on the land currently under oats.
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A recent soil analysis showed that where oats had been planted
for two consecutive years, root-knot nematode numbers remained
low, while the number of free-living nematodes, which are nonparasitic and whose presence is desirable, had increased. This
strengthened the theory that oats can have a role in reducing rootknot nematode population levels.

The experiences of those involved in experimenting with the
options available to counter root-knot nematodes is also
important given the proposals to introduce Honeybush into the
area as a commercial crop. The recent soil survey showed, for
example, that in areas planted with Honeybush there appeared to
be a doubling of the root-knot nematode population,
strengthening the suspicion that the pest was attracted to these
plants.
Appropriate crop management systems, based on crop selection
and rotation of locally important crops might be a viable lowinput solution for containing or resolving the root-knot nematode
problem. As the FKV experience shows the continuation of
cooperation amongst farmers and between farmers and
researchers is important to achieve this goal.
■

Increasing scale
In 2001, another FKV farmer who had a four hectares plot
decided to plant cabbage and broccoli on one part of his
smallholding. When the results of the nematode survey showed
that he had the lowest number of root-knot nematodes he made
plans to continue planting these crops. At the moment he is
looking at ways of improving his crop rotation strategy because

- Tim Hart. Agricultural Sociologist, ARC Infruitec-Nietvoorbij, Private Bag X 5026,
Stellenbosch, 7599. E-mail: tim@infruit.agric.za
- Roberta Burgess. Research Co-ordinator and entomologist, ARC InfruitecNietvoorbij, Private Bag X 5026, Stellenbosch, 7599. E-mail: roberta@infruit.agric.za
- Hans Hugo. Senior Nematologist, ARC Infruitec-Nietvoorbij, Private Bag X 5026,
Stellenbosch, 7599. E-mail: hans@infruit.agric.za

Nitrogen fixation on a national scale
Adriana Montañez, Carlos Labandera and Luis Solari

Intensive grazing of vast areas combined with continuous
cultivation of wheat, barley, maize, sorghum and sunflower under
conventional tillage practices, without proper fertilisation or
erosion control, have been degrading land in Uruguay ever since
the first European emigrants arrived in the country in 1910.
Farmers and producers abandoned the land once it became
infertile and degraded and moved on to areas where soils were
still productive. As a result the problem of soil depletion grew. In
1959 the government, technicians, NGOs and farmers unions
started to discuss the problem. A plan for the development of
agriculture - the Plan de Desarrollo Agropecuario – was
developed. This “Agricultural Development Plan” was set up to
improve productivity in the short and long terms and included all
agricultural land. Special emphasis was given to the development
of pasture-crop rotations.

Bacteria to the rescue
In 1960, using positive experiences with legume inoculation in
Australia and New Zealand, researchers of the former Laboratory
of Soil Microbiology and Inoculants (now the Department of Soil
Microbiology of the Department of Agriculture) started to work
on biological nitrogen fixation (BNF) involving the soil bacteria
Rhizobium. These organisms live in association with specific
plants, forming small nodules (swellings) on the roots. They fix
nitrogen from the air into the soil and in doing so provide crops
with one of the elements essential for good growth and yields.
The research group worked in close collaboration with
rhizobiologists, plant breeders, agronomists, farmers and
extensionists to identify, select and test native Rhizobium strains
that were well adapted to specific soils and host plants. In
addition, native and introduced pasture varieties that responded
well to the presence of Rhizobium were selected. In collaboration
with farmers, field and on-station trials were established across
the whole of Uruguay to study the efficiency of established
pasture-crop rotation practices, such as the use of a mix of
legume and non-legume pastures in rotation with winter crops
like wheat and barley, and summer crops such as sunflowers,
maize and sorghum.
Improved pasture-crop rotations were established. Farmers were
given technical support and benefited from a credit plan that
covered 80% of any investments they made. Adoption of the
BNF technology was further facilitated by the fact that it is easily
applied in the field. Rhizobium bacteria, mixed with sterile soil,
are fixed to the seeds by using a special type of glue, after which
sowing takes place.

A gene-bank of N-fixing and other microorganisms was
established at the Ministry of Agriculture’s Department of
Microbiology to serve as a source of high-quality germplasm for
researchers, extensionists and commercial producers. The private
sector was closely involved in the development of the BNF
technology investing in both the production and multiplication
of the required Rhizobium strains. Today, three enterprises
produce high-quality Rhizobium for Uruguay and other South
American countries.

Good for the farmers, good for the country
BNF in Uruguay continues to be developed and improved and,
over the last 40 years, the technology has brought considerable
economic, ecological and social benefits to those who have used
it. The country has saved millions of dollars through reducing
imports of nitrogen fertiliser. Individual farmers have greatly
benefited because Rhizobium is cheaper to buy than urea-based
fertilizers. Currently one application of Rhizobium costs one
US$/ha whereas one application of urea fertiliser costs US$50
per hectare. BNF technology has the capacity to fix and
incorporate 250 kg per hectare of nitrogen in the soil in a very
efficient way. Farmers are well aware of the benefits and as a
result rotation with legumes and inoculation with Rhizobium is
now being used by nearly all arable farmers.

BNF’s contribution in Uruguay
• Soybean yields have increased 800-1000 kg/ha/year (a 40% increase)
on land where they have not previous been cultivated and where
Rhizobium is used.
• Pea producers using BNF have recorded yield increases of up to 240%.
• Each year savings in the order of 90 million dollars have been made
because of farmers using Rhizobium rather than buying in fertiliser for
forage legume production.

Explaining the success of BNF

- Adriana Montañez. FAO Consultant. Calle Concepción del Uruguay 1409/701,
Montevideo, Uruguay. E-mail: montanez_massa@yahoo.co.uk
- Carlos Labandera. Director Department of Soil Microbiology. Ministry of
Agriculture, Livestock and Fisheries. Burgues 3208, CP 11700, Montevideo, Uruguay.
E-mail: microlab@chasque.net
- Luis Solari. Head of Communications Unit, Department of Soil Microbiology.
Ministry of Agriculture, Livestock and Fisheries. Burgues 3208, CP 11700,
Montevideo, Uruguay. E-mail: microlab@chasque.net

The livestock sector has greatly benefited from BNF technology.
Photo: Federación Uruguaya de Grupos CREA (FUCREA)

Following website provides more information on Rhizobium and its use:
http://fp.chasque.apc.org:8081/microlab/LMSCI/LMSCI.htm
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This initiative is a good example of the planning and
implementation of a national, government supported strategy
with an ecological and multi-disciplinary approach. There was a
strong functional relationship between the government, industry
and farmers. The spontaneous integration of these stakeholders
made it easy to define limiting factors, find solutions and apply
these in short term. An aspect worth mentioning is that BNF was
not an objective in itself but a valuable tool that could be used to
meet the goal of improved productivity in the short and long
term. While farmer pressure and government support was
essential in the process, the key for success was the excellent
performance of BNF technology in the field, leading to its
successful adoption and the improved production systems
currently in place.
■
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From soil erosion
to soil quality

In Central America and many parts of the tropics and sub-tropics
there is a danger that land degradation caused by farmers’ own
activities will undermine efforts to increase sustainable
agricultural production. One response is investment in soil
conservation technologies. In the last 30 years, soil conservation
programmes have become commonplace in the developing world.
Development practitioners provide farmers with technical advice,
assistance and technologies designed to restrict soil loss and
actively promote cross-slope technologies such as live barriers
(contour hedgerows), rock walls, terraces and earth bunds.
Farmers, however, are often reluctant to adopt these technologies.
Sometimes soil conservation programmes use incentives such as
cash payments to encourage adoption. The problem, as shown in
Figure 1, is that farmers often abandon the technology once the
incentive is removed.

Farmers’ priorities may have nothing to do with agriculture.
Lempira, Honduras. Photo: Jon Hellin

Farmers’ perceptions

Throughout the tropics, smallholder farmers are increasingly
forced to colonise marginal areas such as steep-lands. The
consequence has been increased land degradation, loss of soil
quality and accelerated soil erosion. This threat to sustainable
agricultural productivity has led to considerable interest in soil
conservation technologies that control run-off and erosion.
Cross-slope technologies such as live barriers, rock walls,
infiltration ditches, terraces, and earth bunds have been widely
promoted all over the world.

Those concerned about the severity of soil erosion and the effects
it can have on agricultural production are often surprised to learn
that smallholder farmers often do not share the same concerns.
This lack of concern about soil loss is partly explained by the fact
that many farmers do not recognise that soil erosion is taking
place. In Honduras it is not uncommon to hear farmers talk about
‘rocks growing out of the hillside’. Soil loss rates as high as 20 to
40 tonnes per hectare per year result in an annual lowering of the
soil surface by less than 0.3 mm. As farmers cannot see this
erosion occurring, the explanation of rocks growing is a logical
explanation for rocks becoming exposed.
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Based largely on field experiences from Honduras, this article
discusses the case for a different approach to improved land
management. Rather than focusing on controlling soil erosion it
seeks to improve soil quality. In doing so, it not only takes
farmers’ concerns about productivity into account but also
addresses the growing problem of land degradation.

length in maintained live barrier (m)

Jon Hellin

Farming communities have been encouraged to adopt these
technologies, but the response has been poor. Many development
organisations have reverted to using direct incentives such as
cash payments and food-for-work to encourage farmers to adopt
soil conservation technologies. The problem with this approach is
that farmers often abandon the technologies when projects end or
funds dry up.
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When farmers do not adopt recommended technologies, it is
often said that this is because they are under-educated,
conservative and unwilling to change. Recently, however, there
has been a greater appreciation of the farmers’ own situation.
This has led some to question whether farmers are unwilling to
follow recommendations because many of the technologies being
promoted do not address their needs and real priorities.

25000
live barriers
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Figure 1: Adoption and abandonment of live barriers on 147 farms
in La Paz, Honduras. The project lasted from 1980 to 1991 and direct
incentives were provided from 1984 to 1991.

Controlling soil erosion
The scene is all too familiar. The valley below is criss-crossed
with neat green lines of honey melons destined for export to
Europe and the United States. Standing on a hillside above the
melon farm in Southern Honduras, I am surrounded by a mosaic
of maize plots and the remains of the dry forest that used to
stretch, unbroken, along the Pacific coast from Mexico to
Panama. Inequality in land distribution in countries such as
Honduras has meant that resource-poor farmers have few
alternatives and have to work on what land is available. This is
often in marginal agricultural areas such as hillsides.
Heavy rainfall and steep slopes mean that large parts of Central
America are particularly prone to high rates of soil erosion. As land
degrades, production falls and farmers are forced either to clear
more patches of forest or migrate to the cities in search of work.

The major worry of farmers in Honduras seems to be the damage
caused by pests and diseases, drought and irregular rains (see
Table 1). Soil erosion is seldom seen as a threat to their livelihoods.
Deeper questioning reveals that farmers are not worried about
pests and diseases or reduced rainfall as such. Their real concern
is what these problems will mean to them in terms of reduced
productivity. When asked about the effects of the problems
identified, reduced productivity (360 responses) and hunger
(46 responses) accounted for 91% of the responses.

Soil erosion and productivity
The reason why erosion control has received so much attention is
the assumption that there is a direct relationship between soil loss

and crop productivity. Conventional soil conservation
technologies, focusing on controlling soil loss, tackle what
outsiders consider the main threat to (and from) farming on
sloping lands rather than the problems and priorities identified by
the farmers themselves.
Yields are actually determined by a complex interaction of
factors including soil quality, crop and land management
systems, and climate. In countries such as Honduras, the amount
and distribution of rainfall has a much more profound impact on
yield than the amount of soil eroded. Given such variation in
yields, farmers’ ‘failure’ to identify soil erosion as a threat to
their livelihoods seems reasonable.
By placing too much emphasis on erosion, we are potentially
doing a disservice to farmers because any relationship between
productivity and the soil depends more on the quality of the soil
remaining on the land rather than the amount of soil removed
through erosion.
A soil in good condition is well structured, allows roots to
penetrate, exchanges gases and absorb rain easily. The more
rainfall that is absorbed, the less erosion takes place. Erosion
occurs once the soil is degraded. A degraded soil is less able to
absorb rainfall and the result is greater run-off and erosion.
Cross-slope technologies, such as live barriers, do little to
improve the quality of the soil between the barriers. As a result,
farmers seldom witness an improvement in production as a result
of such soil conservation efforts. Clearly, there is a need for a
new approach to soil conservation. The farmers’ concerns
– agricultural productivity and its sustainability through the
preservation and improvement of soil quality – provides the
starting point for this approach and should be given priority.

Improving soil quality
A more effective approach than focusing on cross-slope soil
conservation technologies is the use of agronomic, biological and
mechanical measures to improve soil quality via soil protection,
the incorporation of organic matter and the use of soil organisms.
These procedures directly address factors such as surface cover
and soil structure, that are within the control of the land user and
that can be used to rebuild the soil into a dynamic and living
system. Soils that favour root growth also favour better water
retention and the conservation of soil and water on the farm itself.
Improving soil structure and infiltration capacity can result in
improvements in both production and soil conservation.
Improvements in crop management, such as early planting,
optimum density, leaving crop residues on the surface and the use
of green manures (see LEISA Magazine Vol 13 No 3, p 12-14),
reduce erosion, encourage water infiltration and, through

Threat
Pests and diseases
Drought and/or irregular rain
Low productivity
Quality of land (eroded, waterlogged etc.)
Availability of land
Few economic resources
Others

Responses
172
136
60
40
29
7
4

Percentage
of responses
38
30
13
9
7
2
1

The Quesungual System in Honduras
The Quesungual system is an agroforestry system that is characterised by
three layers of vegetation: mulch, crops and dispersed shrubs and trees.
Farmers in Western Honduras used to practise a slash-and-burn
agriculture. Different development organisations encouraged them to stop
burning their fields prior to planting their maize crop and instead to cut the
weeds, leave them on the soil surface and sow their maize seed through the
mat of vegetation.
The three-tiered vegetation canopy affords ample protection to the surface
of the soil and as soon as the farmers stopped burning they noticed there
was hardly any erosion: the rivers were ‘clean’ as opposed to ‘dirty’ when it
rained. Soil erosion control is not, however, the reason that farmers are
increasingly adopting this system. The issue at stake is improved soil quality.
Having abandoned the practice of burning their fields, there are more
beneficial insects and increasing levels of organic matter in the soil. The
attraction for farmers is that the soil can now hold moisture much better.
The result is improved production. The reduction in soil loss is a
‘secondary’ benefit of the system. Farmers do not see the Quesungual
System as a soil conservation practice. On the contrary, it is viewed as a
productivity-enhancing practice that also happens to be effective for soil
conservation. This approach to land management is more attuned to the
farmers’ priority needs and is more readily adopted by them.

The Honduras experience shows that, although there is still a role
for cross-slope conservation technologies, these should be
combined with technologies and agronomic practices that lead to
an improvement of soil quality. If used on their own, they are
unlikely to result in improved productivity, which is the farmers
main concern.
Recent positive experiences with the rapidly expanding zero tillage
systems of Latin America show that when soil quality is improved,
agricultural production increases and soil erosion is reduced.
Fundamental policy changes are, of course, still needed to
alleviate the pressure on the steep lands of Central American.
These changes include more equitable land distribution and
greater access to markets. However, despite numerous social,
economic and agro-ecological constraints to better land
management, farmers can improve soil quality through the use of
technologies that enhance both productivity and soil
conservation. Through such approaches Central America’s
hillsides can support more smallholder farmers on a more
sustainable basis.
■
- Jon Hellin, ITDG, Schumacher Centre for Technology Development Bourton Hall,
Bourton-on-Dunsmore, Warwickshire, CV23 9QZ, UK
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Table 1: Farmers’ perceptions of threats to agricultural production.
Based on a questionnaire administered to 213 smallholder farmers
in Honduras.

improving soil quality, lead to improved crop production. A
practical example of this approach is the Quesungual system
in Western Honduras (see Box and also LEISA Magazine
Vol 18 No 3, p 10-11).
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Healing the earth:
an Ethiopian story
Million Belay and Sue Edwards

Land degradation is one of the most serious problems facing
Ethiopia today. Population pressure and low yields are forcing
farmers into abandoning fallowing and crop rotations - the
system they have used for millennia to maintain their
livelihoods. In Tigray, the most northern region of Ethiopia, over
85% of the population are farmers who struggle to feed their
families from soils in poor condition that only produce low
yields of staple crops.
In order to improve crop yield in the region, the Bureau of
Agriculture and Natural Resources in Tigray (BoANR) adopted
the Sasakawa Global (SG) 2000 package, which is based on high
input demanding varieties and chemical fertilisers. However, the
cost of these inputs is beyond the purchasing power of most
farmers in the region and some of those who have used these
inputs have fallen into the dept trap. In addition, prolonged use
of chemical fertilisers has a number of negative side effects on
the environment.

A farmer
holding a
faba bean
plant grown
with
compost.
Photo:
Solomon
Hailemariam

The performance of the organic production system developed in
each of the four communities was compared with the
performance of a production system based on the Sasakawa
Global (SG) 2000 package in a neighbouring village. This was
done in order to compare the two strategies for sustainability.

A pilot experiment
The challenge is to find mechanisms that help poor rural
communities to improve the environment and their capacity to
produce crops without becoming dependent on external inputs.
In 1996, the Institute for Sustainable Development (ISD) in
collaboration with BoANR started a project in four selected
rural farming communities in Tigray. The overall aim of the
project was to help establish productive agricultural systems
based on ecological principles that effectively managed and used
local natural resources. The main components of the project
included soil and water conservation practices, compost making,
and the re-establishment of vegetation.

LEISA MAGAZINE . DECEMBER 2003

The four communities selected for the project were Zeban Sas
and Gu’emse in the Eastern Zone of Tigray, Adibo Mossa in the
Southern Zone and Adi Nefas in the Central Zone. Each area has
its own specific characteristics. Depending on the specific needs
of each of the communities, different practices were employed.
These included the construction of trench bunds, check dams
and ponds; the making and use of compost; the use of manure;
the planting of trees, forage and grass species; use of genetically
diverse seed material and natural pest and disease management.
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Benefits from compost
Because compost making is a new practice in Ethiopia, some
efforts were required to convince the farmers try it. At the start of
the project only a small number of farmers made compost. But
after observing how production increased when compost was used,
many farmers started to prepare and use it. Farmers also observed
that the straw from crops grown with compost was more palatable
to livestock and that composting had a dramatic effect on weeds.
In 1996/97 the project started in Adibo Mossa with 45 farmers
making and using compost. However, by 1998 this figure had
more than doubled. In Adi Nefas, farmers not included in the
project started making compost on their own personal initiative
without any encouragement from the project personnel.
In every project location, farmer-managed trials were established
in the fields. Yields obtained from composted fields were
compared with those obtained with Diammonium Phosphate
(DAP) + Urea at 100 kg/ha and 50 kg/ha, respectively. The
amount of compost applied was different in each site (according
to availability) and varied between 5000 kg/ha in Zeban Sas and

The four communities
Zeban Sas (Eastern Zone) is located at an altitude of between 2000 and 2400 metres above sea level. Rainfall is less than 900 mm per year and
temperature averages between 16° and 20°C throughout the year. The soil is sandy silt, which tends to be extremely thin, 4–10 cm deep, with little moisture
holding capacity and poor fertility. Vegetation cover is sparse. Soil degradation is a pressing problem. The main crops grown by the farmers when the project
started were barley with some wheat and a little tef. Approximately two-thirds of the land is used for crops and the rest as grazing land.
Gu’emse (Eastern Zone). Climatic conditions are the same as those of Zeban Sas. The farms are on a flat alluvial plain. The soil is very deep and more fertile
than in Zeban Sas. The whole plain is threatened by rapidly advancing gully caused by the seasonal stream that once formed the plain. This problem probably
arises from changes in the vegetation cover of the surrounding hills.
Adi Nefas (Central Zone). The site is at the foot of a steep but low basaltic mountain range. The average rainfall is around 600 mm per year. The farmers live
on the flat land that consists of vertisol soils which are prone to gullying. The lower slopes of the mountain, which have better drained reddish soils but which
are easily eroded because of the sloping landscape are also cultivated. These slopes have been completely deforested and their vegetation replaced by shrubs
- mostly Euclea shimperi – which have a low productivity.
Adibo Mossa (Southern Zone). Located in the plain at the shores of Lake Hashenge, the only lake in Tigray. The site was chosen because of its high human
and livestock population densities. The lake is in a closed basin with no outlet and needs careful protection from pollution from inorganic inputs.

15,000 kg/ha in Adibo Mossa. The yields of finger millet, barley
and wheat on composted fields were comparable with those
where chemical fertilisers had been applied. Tef, however, gave
higher yields when grown on composted plots. The effect of
compost on maize yields was variable when compared to the
results achieved with chemical fertiliser. There were much higher
straw yields from the composted plots in comparison to the
chemically fertilised ones. The farmers welcomed this because
their animals often have to subsist on crop residues during the
dry season. The increased straw yields also enable the farmers to
prepare more compost because there was more animal manure
and increased plant material.

Soil and water conservation
Impressive results in soil and water conservation have been
observed in three of the four project sites since 1997. The spread
of gullies had been halted and soil has been retained that would
otherwise have been washed away. Water retention and
infiltration has also been improved.
Adi Nefas had been losing fertile land through a gully that started
at the base of the neighbouring hillside. The farmers built a series
of check dams up the gully, and in one year enough soil was
captured to allow for the planting of grass and trees. The
construction of check dams has been effective in Zeban Sas as
well, although soil accumulation has been slower. Unfortunately,
Gu’emse has not been successful in its attempts to halt a very
wide gully that is caused by the run-off from a large catchment
area of virtually bare hillside. An effort that involves several
other communities upstream is required. Gullying has not been a
problem in the Adibo Mossa site.

The regional government of Tigray has also adopted this project.
This means that, if the ISD has to pull out, the programme will
still continue. The regional government has spread the project to
more than 2000 households in more than 83 villages. A very
recent development is even more significant: the project has been
taken up by the Environmental Protection Authority (EPA) of
Ethiopia with support from UNDP and will now be upscaled to
the national level.

Conclusion
The secret of the success of this project lies in the involvement at
the planning stage of almost all of the stakeholders. Ensuring the
active involvement of farmers requires providing a range of
choices and alternatives for them to consider, rather than making
prescriptions for improving one part of the farming system.
The project offers a range of choices and farmers adopt those that
suit their ecological and social setting. Experience has shown that
each village has a preference for one or two of the different
components of the project. At Zeban Sas, the emphasis has been
on soil and water conservation, because the area was badly
affected by soil degradation. At Gu’emse and Adibo Mossa
farmers adopted composting rapidly, because there was already
sufficient plant material and animal manure for making this
natural fertiliser.

Water is very scarce during the dry season in Adi Nefas, Zeban Sas
and Gu’emse and the farmers, with financial support from ISD,
have now constructed ponds to collect water so that it is available
in the dry season. The programme was expanded to 21 villages in
1999 and construction of trench bunds on farmlands and check
dams in gullies was carried out in 14 out of the 21 new sites.

Planting of grass and trees
Various indigenous and some selected exotic forage grasses and
legumes, as well as other trees and shrubs for construction and
fuel, have been planted in and around farms and houses, on
hillsides, around the newly constructed and maintained gullies
and along trench bunds. This planting has been carried out in the
four original sites as well as in 14 of the new sites. This has
resulted in the farmers using forage trees for feeding their cattle,
planting and protecting grasses and legumes for stabilising
trench bunds and check dams, enrichment planting on degraded
lands, and increasing the amount of biomass available for
compost making and for feeding their animals.

At Gu’emse, check dams were not very effective in halting
gullying and halting the spread of gullies is now the community’s
top priority.
The farmers at Adi Nefas are actively participating in all
components of the project, much more noticeably than at the
other sites. This is probably because of the rapid positive
outcomes of making check dams and preparing and using
compost. These early successes, coupled with the high
population density, have given farmers a strong motivation for
intensifying the use of their land in a sustainable way.
■

Embedding sustainability in society
All four communities have now drawn up their own statutes to
control the use of their land and renewable natural resources.
These statutes set out rules and regulations that community
members agree to and penalties for anyone who infringes them.
The communities themselves developed the statutes, and the
respective local governments have recognised these statutes and
uphold them.

- Million Belay. Team Leader and Research Co-ordinator, Institute for Sustainable
Development (ISD), PO Box 171, Code 1110, Addis Ababa, Ethiopia.
E-mail: sustain@telecom.net.et , millionbelay@yahoo.com. Tel: +251-1-167406,
Fax: +251-1-669466.
Sue Edwards. Director ISD. PO Box 171, Code 1110, Addis Ababa, Ethiopia.
E-mail: sustain@telecom.net.et
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In Zeban Sas, the success of the project showed first in the
rehabilitation of approximately 30 hectares of abandoned, rocky
grazing land. Having seen their grazing land restored, the farmers
started working on other components so the area as a whole has
now been almost rehabilitated and is green, with farmers getting
their income from fattening and selling cattle.

A woman working in her compost pit in Zeban Sas. Photo: Solomon Hailemariam
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Understanding traditional terracing
William Critchley and Marit Brommer

Terracing land for rainfed agriculture has long been the basic
response of farmers to the problems of cropping in hilly and
erosion-prone conditions. A comparative study of conservation
strategies amongst traditional, small-scale terrace farmers in
Uganda, South Africa, the Indian Himalayas and upland Java has
demonstrated striking similarities in their approach and
techniques. The main objective of the survey was to understand
how different groups of farmers perceived erosion and countered
its negative effects. The reasons given by farmers for their
conservation practices did not always coincide with conventional
“scientific” thinking on hillside conservation, but their local
practices were based on a keen understanding of land
degradation processes and the need to protect soil fertility.
The survey involved farmers from areas with strong terracing
traditions. It was carried out over a number of years as the
opportunity arose in areas with terracing traditions in four
different countries.

Four terracing systems
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The most ancient terraces in the survey – well over a thousand
years old – are in the foothills of the Himalayas in the State of
Uttaranchal in India. Here, all cultivated land is terraced. True
bench terraces, with flat beds to encourage rainwater infiltration,
make it possible to use oxen to cultivate the steep slopes. Average
annual precipitation is around 1750 mm, although this is erratic
and highly seasonal. The terrace walls or “risers” are sometimes
stone faced – when stone is available - but more often they are
earth structures. The most common crops in the area are finger
millet, sorghum and soya bean. On the valley floors there are
irrigated terraces, but rainfed agriculture dominates the
landscape and the economy.
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Kabale District, in south-west Uganda has a gentle hilly
landscape checkered with small plots at various stages of
cultivation and divided by terrace bunds that cover every hillside.
These are not old terraces, but a local ‘interpretation’ of a
compulsory colonial ordinance passed in the 1940s requiring
farmers to plant strips of napier grass (Pennisetum purpureum)
across the slope at intervals of 15 metres to control soil erosion.
What has evolved since are a series of forward sloping terraces.
In 1949, an official Ugandan publication boasted that the area
had reached ‘a standard of soil conservation perhaps unsurpassed
anywhere in Africa’. These terraces tend to have a highly fertile
strip of deep soil held back by the grass barrier. This is a result
not only of water erosion (rainfall is between 1000 and 1500 mm
per annum), but also of the practice of hand hoeing while facing
upslope, which drags the soil progressively down the slope
through ‘tillage erosion’.
During the cropping season the healthy crop in the rich soil
behind the barriers stands out in stark contrast to the poor crop
growth in the shallow soil at the top of the fields. The variation in
fertility – the so-called ‘fertility gradient’ – is obvious. Declining
soil fertility and landslides continue to be problems in Kabale.
By contrast, upland Java has relatively fertile volcanic soils. In
the region around the city of Yogyakarta in south-central Java, for
example, agriculture has steadily climbed up the hillsides, using
terraces like stepping-stones. During the nineteenth century,
under the pressure of rapid population growth, farmers began to
encroach rapidly onto previously forested hillsides.

As in India, farmers have traditionally terraced their rainfed
holdings. In some areas government programmes have
transformed what were forward-sloping terraces into benches,
but in most places farmers have completed this transition
themselves. The result is a landscape of bench terraces that have a
slight backslope, allowing excess runoff to drain away. The
rainfall is about 2000 mm per year. A wide variety of annual
upland (palawija) crops are grown and all livestock is stall-fed,
with the manure being returned to the land.
Venda is part of Limpopo province and is home to one of the very
few examples of traditional small-scale terracing in South Africa.
Visually it is dramatic. Most of the terraces have stone-faced
walls (mitsheto) that have been constructed with pride and
considerable masonry skill. During apartheid, Venda was
designated as one of the “homelands” into which the country’s
black population was crowded by the government. Because these
areas were generally isolated and resource poor, agriculture was
marginal and land quickly became severely degraded. However,
this was less noticeable in Venda, where a tradition of building
houses and terrace walls with stone has existed for generations.
Local farmers continue to invest enormous amounts of voluntary
labour in building stonewall terraces for their main crop – maize
and it is not uncommon for farmers to spend as much as 500 days
per hectare creating terraces on the steeper slopes.
These four terracing systems are thousands of kilometres apart
and involve different peoples, origins and problems. Over a
period of eight years, the same basic questions – with some
location-specific additions – were asked to farmers in these
areas. Table 1 shows the responses that these four groups gave to
five key questions.
The first four sets of questions were answered with remarkable
consistency. Practically all farmers interviewed recognised that
erosion processes were happening in their own fields, despite the
terraces, and the majority in each country sample believed the
problem was becoming less serious. Perhaps the most significant
finding of the survey was the consistent ranking of ‘soil fertility
decrease’ as the most important negative effect of erosion. Not
the loss of kilograms of soil, but the consistent decline of its
productive potential was what mattered to farmers. There was
also, not surprisingly, a clear appreciation of the need to maintain
terraces and to build up the terrace ‘lips’ (the bund or ridge
directly above the riser) each season. Human activities, including
overgrazing and lack of maintenance, as well as natural causes
(heavy rainfall) were given as the main causes of erosion.
The main differences between the farmers in the four areas
emerged in their answers to the question “What are the main
sources of erosion in the landscape?” and to some of the other
questions not included in the summary provided in Table 1. In
Java the farmers agreed with an on-going scientific investigation
in which one of the authors was involved that indicated that
terrace risers were the main source of sediment in the
agricultural landscape. In Venda, local people noticed and
suffered from the fact that the roads had been badly designed
and poor drainage was causing gully erosion. The Venda also
provided an example of how local spiritual and ritual practices
can influence approaches to soil conservation. The local lake
– Fundudzi – is considered sacred. During the 1960s it ‘turned
red’, apparently as a result of increasing sedimentation. This led
the elders to intervene and mount a campaign to get people to
conserve their soil better in order to maintain the integrity of the
lake.

Table 1: Perceptions of erosion and conservation strategies: Surveys of small-scale upland terrace farmers in four countries

Date of survey
Number of farmers interviewed
Is erosion taking place in your (terraced)
fields?
If so is it a little, moderate, a lot;
increasing, the same or decreasing?
Main negative impacts?

Conservation strategies?

Indonesia
Gunung Kidul,
S-Central Java
1994
24
Yes: 100%

South Africa
Thohoyandou District,
Limpopo Province
1997
20
Yes: 100%

Uganda
Kabale District,
S-W Uganda
1999
24
Yes: 95%

India
Pauri & Almora Districts,
Uttaranchal
2002
15
Yes: 100%

A little: 65%
Decreasing: 70%

Moderate: 55%
Decreasing: 80%

Moderate: 60%
Decreasing: 70%

1 Soil fertility decrease
2 Terrace collapse
3 Loss of soil
1 Terraces
2 Toe-drain upkeep
3 Riser ‘lip’ upkeep
3 Tree planting

1 Soil fertility decrease
2 Terrace collapse
2 Gullying
1 Terraces
2 Grass strips
2 Various (including.
Controlling grazing/
gully checks)
1 Heavy rainfall
2 Ploughing up/down
2 Overgrazing
2 Burning grassland
1 Roads
1 Hillside grazing land

A little: 60% (of the 95%)
Decreasing: 60% (of the
95%)
1 Soil fertility decrease
2 Destroys crops
1 Trash lines
2 Tree planting
3 Terraces

1 Terrace upkeep
(building up riser ‘lip’)

1 Overgrazing
2 Overcultivation and no
fallowing

1 Heavy rainfall
2 Some people
unconcerned

1 Crop fields
2 Grazing land

1 Degraded forest
2 Barren land / roads
3 Gullies

Perceived causes of erosion?

1 Heavy rainfall
2 Sloping land
2 Soil type

Main source of erosion in landscape?

1 Terrace risers
2 Terrace beds

1 Soil fertility decrease
2 Gullying

In Uganda, crop fields were considered to be the main source of
erosion. Indeed a characteristic of the area is that terrace bunds
tend to collapse when the soil becomes saturated, leading to a
‘domino effect’ as a whole series of terraces gradually slip down
the hillside. Ugandan farmers pointed out the importance of
terrace bunds as boundary markers. Field-end bunds are those that
are most keenly protected: if these collapse, then the down-slope
neighbour receives a free gift of rich soil. In Uttaranchal, India, the
farmers look after their terraces following centuries old traditions
and clearly understand their purpose and value. More interestingly
they perceived that degraded forest land was the cause of the dry
season ‘low flow’ problem because it leads to reduced rainfall
infiltration opportunities. They also voiced their concern about the
invasion of thirsty pine trees (Pinus roxbughii) which had replaced
the original ‘moisture conserving’ oak (Quercus leucotrichopora).

This survey was not done in a structured, pre-determined pattern.
However, by taking the opportunity – when it arose over the
years – and by looking at the same factors in different places, it
was possible to document people’s approaches to more or less
common problems using similar criteria. The results show that
these farmers have a clear understanding of their problems and
their own ideas of how to deal with them. Such information and
experiences can further encourage changes in the way soil
conservation technologies are perceived and promoted by
‘specialists’ in different parts of the world. It is not the prevention
of soil loss as such that should be the focus of soil conservation
efforts – but rather the optimisation of the agricultural production
on the land available to the farmer. Production and conservation
go hand in hand.
■

Conclusions
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Despite the difficulties of making comparisons across very
different cultures, using a basically common questionnaire, it is
possible to draw some conclusions. For example, in these areas
which all have traditions of rainfed terracing, there is a remarkable
degree of consistency in indigenous knowledge and local practice.
However, there are clear differences that inevitably arise from
variations in production systems, landscapes, and socio-cultural
traditions. Various lessons emerged from comparing the results
from the four groups who took part in this survey.
First, traditions of terracing are strong in each of the locations.
People are aware of the importance of their terraces for
agricultural production. They appreciate the problems associated
with terraces and the need for continuous maintenance. Second,
while their environmental knowledge systems do not exactly
match ‘scientific knowledge’ they generally do not clash. In fact,
they can add value to the observations and measurements of
outsiders, as some of the results here show. Third, there are
clearly possibilities for ‘cross learning’ through sharing
indigenous knowledge, whether this comes from long established
traditions or recent innovations.
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Adoption of green manure and cover crops
Roland Bunch

Worldwide, green manure and cover crops (gm/cc’s) have proven
to be a successful technology for maintaining soil fertility and
controlling weeds. The numerous advantages of gm/cc’s have led
to their widespread adoption in many parts of the world. In other
areas, however, farmers have been reluctant to adopt these crops.
Moreover, farmers are also known to have abandoned traditional
systems. The question is why the introduction of gm/cc’s has been
a success in one area, while similar programmes have failed in
others? Under what conditions can we expect small-scale farmers
to be interested in growing cover crops?

• The gm/cc can be grown during the dry season, planted after
the normal crops like the ricebean/rice system in Vietnam, or
intercropped with the normal crop and then allowed to grow
through the dry season such as the sweet clover/maize system
in Mexico. It can also be planted as a relay crop amongst rainy
season crops at the end of the wet season to take advantage of
the moisture still in the soil, such as the cowpea/maize and
lablab/maize systems in Thailand.
• The gm/cc can be grown under fruit trees, forest trees or almost
any perennial crops. In this case, particularly shade-tolerant
species, like jackbeans or Centrosema pubescens are chosen.
• Other small, occasional niches can be found, such as during
periods of frost (lupines, such as tarwi, often do well), in
extremely acid soils (velvet bean or buckwheat), or during
very short periods of time (Sesbania rostrata).
Jackbean (Canavalia ensiformis) is probably the second most
widely used introduced green manure and cover crop. It is
resistant to drought, poor soils, insects and diseases and is
capable of surviving and growing well in the worst conditions.
The jackbean can be used during the dry season and in very
marginal environments where crops will not grow. It has an
ability to fix large amounts of nutrients and is also capable of
helping wastelands to regenerate.

Cash costs
Farmers clearing a field with Mucuna in Veracruz, Mexico in preparation
for planting maize. Photo: IDRC

After 20 years of experience with gm/cc systems around the
world, I would like to discuss the main conditions for adopting
green manure and cover crop systems. The following conclusions
are based on experiences with 140 different systems, involving
41 species. Sixty percent of these systems have basically been
developed by farmers themselves, which shows how appropriate
these systems are for farmers and how interested farmers are in
them. This article summarises some of the lessons learned from
my experiences with programmes and organisations that have
been successful in introducing sustainable gm/cc systems.

Opportunity costs
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Green manures or cover crops should be grown on land that
offers farmers few other opportunities such as income, food,
fodder, etc. Generally, farmers are not interested in planting
something that only fertilises the soil when the same land could
be used for either subsistence or cash crops.
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This may seem to impose many restrictions for growing gm/cc’s,
but in fact we are finding more and more places and times when
they can be used:
• If the gm/cc does produce a valued food, it can be grown in
any way that fits into the system like any other crop.
• The gm/cc can be grown intercropped with another food for
example jackbean with maize or cassava, or perennial peanut
with coffee. This is presently the most popular niche for
introduced gm/cc systems.
• The gm/cc can be grown on wasteland or on fields under
fallow. Suitable species for these areas are gm/cc’s that can
survive on very poor soils, such as jackbeans, tephrosia, or
particularly hardy trees. Farmers in Vietnam, for example,
seed Tephrosia candida into their first year fallow, thereby
reducing the normal five-year fallow to just one or two years.

Growing green manure and cover crops should involve minimal,
or no cash costs. This implies that farmers should be able to
produce their own seed year after year, and that these crops
should be resilient to disease or insect problems. Preferably
gm/cc’s should save farmers money. They can reduce the amount
of money farmers spend on chemical fertilisers. In addition, they
can lead to a reduction in or even a total elimination of
herbicides. Some species can also be substituted for certain
chemicals: the velvet bean is a wide-spectrum nematicide, and
sunnhemp (Crotalaria ochroleuca) can be used to control grain
storage pests.

Labour demand
The gm/cc selected should not lead to an increase in the amount
of work farmers have to do. In fact, when intercropped, gm/cc’s
can save on labour because they can shade out weeds. This
reduction in labour required for controlling weeds can in many
cases counterbalance the labour needed for planting and cutting
the cover crop. Furthermore, farmers can often be partially
motivated to plant gm/cc’s by the prospect of never having to
plough or hoe their fields again: the technology offers the
possibility of moving to a zero till system.

Other benefits
The gm/cc’s chosen should provide at least one major benefit
other than improving the soil. Farmers seldom choose gm/cc’s
because of their effects on the soil fertility. Usually, farmers are
motivated by the potential of gm/cc’s to support food production
(which usually has a high priority) or to control weeds. The most
commonly used gm/cc’s, such as pigeon peas, common beans,
soybeans and scarlet runner beans are grown for human food.
Velvet beans (Mucuna spp.), usually not eaten by humans, are
also popular cover crops, probably because of their ability to
smother aggressive weeds and effectively control nematodes and
several plant diseases.
Experiences with projects introducing gm/cc’s show that
systems that produce benefits other than soil improvement tend

to last longer and continue after the “project” has come to an
end. This can partly be explained by the fact that soil
improvement is a long-term process, which is not immediately
noticeable to farmers. The long time that it takes for positive
results to emerge is an obstacle to the more widespread adoption
of gm/cc’s. Therefore, it is often preferable to promote gm/cc’s
for reasons other than soil fertility. Thus, whenever possible, we
should choose gm/cc species that can be eaten, fed to animals or
provide some other benefit which farmers need. For example,
farmers grow scarlet runner bean (Phaseolus coccineus),
intercropped mostly with maize, for the edible bean, even
though they also realise its importance for conserving soil
fertility.
Finally when considering the introduction of gm/cc’s, the
demand for the products of green manures and cover crop
should also be considered. The demand may not be very great if
people do not like to eat beans or sprouts, when farmers only
have few animals to feed, or when they have already sufficient
fodder for the animals.

Existing farming systems
Green manure and cover crops must fit into the existing farming
systems. At least for the first few years these crops will be seen
as much less important than food or cash crops. They will have
to be adjusted to fit into the existing farming system, not the
other way around.
Furthermore it is important to understand when, and to what
extent farmers would prefer slow maturing tree species and
when farmers would prefer fast maturing, less woody and
shorter statured plants in their fields. Planting trees as improved
fallow is only an option if farmers already have fields under
fallow: otherwise it will be too expensive. Whether farmers
would prefer a gm/cc system above a tree based system will
depend on the relatively demand of the products of both
systems. If farmers have rights or gain rights to land by planting
trees, they will probably prefer tree-based improved fallow
technologies above gm/cc’s. Furthermore, many tropical crops
do better with a light shade (say 20 to 30%) than with either a
heavy shade or no shade at all. Thus, “dispersed tree” systems
can very often be ideal for crop growth. And, of course, a
dispersed tree system provides a better environment for gm/cc’s
than total sunlight.
In Brazil, gm/cc’s are widely used by farmers with landholdings
up to 100,000 hectares. On the other hand, gm/cc’s are useful for

The role of gm/cc’s in rehabilitating degraded land
Green manure and cover crops can contribute to the rehabilitation of
degraded lands and the restoration of wastelands in various ways. The most
important impacts and effects of gm/cc’s are listed below.
Increased organic matter and nutrient cycling. The organic matter from
gm/cc’s has, in turn, a whole series of positive effects on the soil, including
making soil nutrients more accessible to crops. For example, in acid soils
phosphorus may be four to five times more available to plants when
surrounded by organic matter.
Nitrogen fixation. Organic matter often adds significant quantities of
nitrogen to the farming systems. Many, if not most, of the widely used
legumes are capable of fixing more than 75 kg/ha of N, while a few species
fix a good deal more: the velvet bean can fix 140 kg/ha/crop, the jackbean
up to 240 kg/ha, and Sesbania rostrata is capable of fixing 400 kg/ha.
Weed control. Intercropped with food or cash crops, green manure/cover
crops are important for controlling weeds and consequently they reduce
farmers’ labour requirements and costs. Additionally, gm/cc’s are also
known to be able to control very aggressive weeds. In West Africa, for
example, velvet beans (Mucuna spp.) are largely grown to control Imperata
grass.
Soil conservation. The soil cover provided by the green manure/ cover
crop protects the soil from erosion.
Improved soil moisture. The soil cover plus the increased infiltration and
water holding capacity brought about by the organic matter, often increases
the crops’ resistance to drought.
Zero tillage. After a few years of heavy applications of organic matter from
gm/cc’s farmers can move to zero tillage systems that retain very high
levels of productivity.
Control plant diseases and nematodes. Gm/cc’s can reduce, and in
many cases totally eliminate, the use of pesticides.
Green manure and cover crops can play an important role in the restoration
of wastelands. Their use can result in such a significant increase in soil
fertility that it is possible to speak not just of soil conservation, but of soil
restoration and soil recuperation.
Extremely low or irregular rainfall, extremes in soil pH, severe drainage
problems, or combinations of these problems, which are all too common
on the farms of resource-poor farmers, will reduce the growth of gm/cc’s,
thereby reducing or destroying their impact. Through the years, we have
learned how to overcome an increasing number of such problems, often
using gm/cc’s species that are particularly resistant to specific problems.
However, such solutions are often achieved at the cost of reduced biomass
production, reduced nitrogen fixation, and reduced additional benefits.

At farms with little land, the use of the land is often so intensive
that there is virtually no time or place when the opportunity cost
is very low. In these cases, farmers may be better off using
compost or buying soil amendments.

Specific characteristics

Nodules on the roots of Mucuna pruriens formed by Rhizobium soil
bacteria. Photo: IDRC

Green manure and cover crop species should fit the available
niche(s). In general, good gm/cc species should have the
following characteristics: easy establishment; vigorous growth
under local conditions; ability to cover weeds quickly; and the
ability to either fix plenty of nitrogen or concentrate plenty of
phosphorus. They should be resistant to insects, diseases,
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resource-poor farmers as well, provided that they have sufficient
land to allow the incorporation of gm/cc’s without affecting the
regular cropping system. If farmers have sufficient land to
practise shifting cultivation with long fallow periods, farmers
may not be interested in gm/cc’s.
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grazing animals, bush fires, droughts, or any other problem they
may have to face within the desired system. They should also
have multiple uses, and should produce viable seeds in sufficient
quantities for future plantings. If they are to be used for
intercropping, they should tolerate shade and fit in with the
cycle of the main crop(s).
Some species that have been introduced may establish
themselves so successfully that they become pests. Great care
should be taken not to introduce potential pests. Known
candidates are common kudzu (Pueraria lobata), tropical kudzu
(Pueraria phaseoloides), and even perennial peanut (Arachis
pintoi) and perennial soybean.
The more ecological deterioration that has taken place, especially
as far as soil quality and rainfall regularity are concerned, the
more limited will be the selection of gm/cc species that grow
well. Nevertheless, in a year or two, when these gm/cc’s have
improved the soil somewhat, farmers can often graduate to less
hardy varieties that produce more subsidiary benefits.

Jicama (Pachyrhizus erosus) is a food crop that can also be used as a
cover crop. Photo: CIDICCO

Conclusions
We have learned, while trying to apply these rules in many
different situations around the world, that finding acceptable,
widely adopted systems for (or preferably, with) farmers requires
a great deal of flexibility and creativity. No textbook is able to tell
us exactly what technology could or should be used in any
particular case. We have to be open, listen to and learn from the
local farmers, and then work together with them to find out
which species and which systems will best fit their particular
situation.
Generally, the most successful way of doing this is to first
observe the local farming systems, and look for an appropriate
niche: traditional crops among which gm/cc’s could be
intercropped, times during the growing season when lands are
left idle, or perennial crops around which gm/cc’s can be grown.
In the absence of these possibilities, one can try growing the
gm/cc during the drier seasons or as improved fallow. After
identifying the best niches, one should select for experiments
those species that are known to function best in those niches that
will provide the benefits most desired by the farmers with the
least amount of labour.

In order to introduce green manure and cover crop systems
successfully, we need a much better understanding of existing
systems. We need to understand the geographical extent of
present systems, the rates of adoption or abandonment, and the
reasons why gm/cc’s have been accepted or rejected. At the
moment research into finding ways that the most common
gm/cc’s can be used to feed different animals is a high priority.
Innovative associations of gm/cc’s need to be investigated as well
as the associations between these and common crops. We also
need to know a good deal more about the theory of intercropping and the mechanisms by which gm/cc can lead to zero
tillage. What are the minimum requirements to move to zero
tillage, and how can these be easily achieved under different
conditions? New gm/cc species need to be found which can
respond to farmers’ needs. Virtually all of this research can and
should be done in the field through participatory processes.
■
- Roland Bunch. COSECHA (Association of Consultants for a Sustainable,
Ecological & People-Centered Agriculture). Apartado 3586, Tegucigalpa, Honduras.
Tel. +504 - 766-2580. E-mail: rolandbunchw@yahoo.com ,
rolandobunch@hotmail.com

LEISA MAGAZINE . DECEMBER 2003

Table 1: Characteristics of some important GM/CC species
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Common name

Scientific name

Resistance
to shade

Resistance
to poor soil

Resistance
to drought

Controls
weeds

Other uses

Velvetbean

Mucuna spp.

3

3

3

4

Medicine, animal feed, human
consumption (when processed)

Jackbean

Canavalia ensiformis

4

4

4

3

Human consumption (tender
pods)

Cowpea

Vigna unguiculata

3

3

Some vars.
4

3

Human consumption

Pigeon pea

Cajanus cajan

3

3

4

2

Animal feed, human
consumption

Tephrosia

Tephrosia vogelii or T. candida

2

4

4

2

Insecticide

4 = extremely good

3 = good

2 = fair

1 = poor

Kick-starting legumes
Ken Giller

Leguminous plants must rate among the most bountiful and
perfect gifts of nature. Legumes provide a large number of
products, and at the same time they enhance soil fertility. The
products range from beans and pulses that are the principal
source of protein for the majority of the world’s poor, to
vegetable oil, animal fodder, poles and fuel wood. Legumes are
also capable of improving soil fertility through their ability to
fix nitrogen from the air making use of rhizobia bacteria in their
root nodules.
Legumes add nitrogen to the soil mainly through falling leaf
litter, and to a lesser extent by decaying roots and root nodules
below-ground, and thus they have great potential for restoring
degraded soils. The organic matter produced by legumes is
generally rich in nitrogen and of good quality, meaning that it
decomposes quickly and is a good source of nitrogen for other
plants. The legumes best for enhancing soil fertility are those
specifically grown for that purpose, namely the herbaceous
green manure legumes and fast-growing legume trees.
Herbaceous green manure legumes are often referred to as cover
crops, as they provide a dense soil cover that can prevent soil
erosion and suppresses weeds. In the case of food and fodder
legumes, much of the nitrogen fixed is removed from the land
with the produce.

similar approach has been used in Western Kenya, where either
phosphate fertiliser or rock phosphate have been used to
establish ‘improved’ fallows of fast-growing trees and shrubs
such as Sesbania, Tephrosia and Crotalaria species.
Despite the many claims as to the usefulness of phosphate rocks,
one should be aware that the vast majority of rock phosphates
cannot be applied directly to the soil. The way rock phosphates
can be used will depend partly on their chemical composition.
As most rock phosphate sources have been researched
extensively, information should be available about the
usefulness of different rock sources.
Other nutrients
Other nutrient shortages may also limit the establishment and
growth of legumes. Depleted soils commonly lack potassium
and sulphur. Shortages of calcium and magnesium are often
associated with soil acidity, which is a widespread problem in

Getting legumes going
Although legumes have a high potential to rehabilitate degraded
soils, they also need good conditions to grow. Degraded soils
are, by definition, inhospitable environments for plants,
including legumes. Therefore, some soil improvements may be
needed before the benefits from nitrogen fixation can be
realised. Maximal rates of nitrogen fixation are mainly achieved
under very good conditions: with irrigation under cloudless
skies, and with abundant supply of other nutrients than nitrogen.
Phosphorus
When trying to establish legumes, the most common problem is
shortage of phosphorus. In highly acid soils liming or adding
animal manure can raise the pH and increase the availability of
phosphorus. In most soils, however, the only option is adding
phosphorus. Adding plant residues or animal manures will help
provide some phosphorus, but mineral fertilisers are by far the
most effective means. When sowing grain legumes or green
manures, adding small amounts of phosphorus (20 to 30 kg per
hectare) will usually be enough.

the tropics. The toxicity of aluminium can be overcome with
small amounts of lime. For example in the Mekong delta,
drainage of land previously flooded with brackish water led to
the formation of ‘acid-sulphate’ soils, where extreme acidity
prevented growing legumes such as soyabean (Glycine max).
A very elegant and simple method of dealing with this problem
is using mulches of rice straw and small amounts of ash to create
a favourable environment in the planting holes. This allows
rhizobia bacteria inoculated with the seed to form nodules and
fix nitrogen from the air. The results were spectacular, with
yields increasing ten-fold from 0.3 to 3 ton per hectare.

Tailoring and targeting technologies
The extensive literature on the rehabilitation of degraded soils by
using legumes, suggests the existence of ‘off-the-shelf’ methods
with universal acceptability. However, such research has often
been done under favourable conditions and with the assumption
that ‘We have shown that it works so now farmers will use it!’
Despite more than a century of research on green manures in the
tropics, examples of smallholder farmers using such methods to
regenerate their soils are remarkably rare. Extensive reviews of
past experiences indicate that rapid uptake by farmers occurs
only when green manures have other advantages, beyond simply
improving soil fertility. Cover crops and green manures appear to
spread rapidly among farmers only when they bring additional
benefits such as the suppression of aggressive weeds. This
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All over the uplands of South-East Asia, the invasion of
Imperata cylindrica is a huge land degradation problem. These
grasslands, covering millions of hectares of land, are man-made
savannas as Imperata mono-cultures do not occur naturally.
Imperata poses major difficulties for restoring the land for
productive agriculture, as it is very difficult to get rid off. One
option to deal with this problem is planting velvet beans. Velvet
bean (Mucuna spp.) is a universal green manure in the tropics
which can adapt easily to many different conditions. After
slashing back the grass, velvet beans should be sown with
abundant phosphorus so that a cover will develop rapidly and
suppress aggressive weeds. One highly successful approach is to
add one ton of rock phosphate per hectare, but this is only
possible with external investment. Reclamation of these
grasslands can also be achieved by sowing other crops such as
groundnuts, but these require considerably more labour. A

Disappointed farmers and researchers discussing the failure to
establish sunn hemp (Crotalaria juncea). Photo: Ken Giller
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Researchers
standing in a field
with Mucuna.
In the background
a 2 m high stand
of sunn hemp.
Photo: Ken Giller

In many smallholder farming systems, soil fertility may vary
considerably within individual farms even on the same soil types.
This generally results from concentrating available animal
manure, compost and other organic inputs to fields close to the
homestead. Few, if any, inputs are added to soils that are further
away. Farmers understand and manage this variability: they have
insufficient manure to effectively fertilise all of their land and
choose to concentrate resources where they can be reasonably
sure of good crop yields. A major challenge remains to
experiment together with farmers to explore ways that they can
release some of the manure to use as a means of kick-starting the
growth of nitrogen fixing legumes in their degraded outfields,
and so to bring this land back into productive agriculture.
■
- Ken Giller. Professor. Plant Systems Research, Wageningen University & Research
Centre. P.O. Box 430, 6700 AK, Wageningen, The Netherlands.
Tel. + 31 317 4 85818, Fax + 31 317 4 84892. E-mail: ken.giller@wur.nl

suggests that simply improving soil fertility does not justify the
investment of labour and land in green manures. Farmers appear
to be more interested in legumes that provide food or fodder as
well as improve soil fertility, such as cowpea (Vigna unguiculata)
and soyabean. These ‘multi-purpose legumes’ have the advantage
of providing some immediate benefit in the form of products
with direct economic value while also helping to improve soil
fertility for subsequent crops.
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Bioremediation: decontaminating polluted soils
Peter Doelman

Healthy, fertile soil supports plant growth and crop production.
One look at the quality of surface vegetation is usually enough
to get a rough impression of soil health. Plants establish their
roots in the top layer of the soil. Closer study of this layer shows
that every gram of earth contains over one billion organisms of
over 10,000 different species. These little creatures are known as
microorganisms. They are soil-friendly, beneficial microbes that
eat organic material and excrete minerals such as nitrates and
phosphates in a continuous re-cycling process that has a direct
effect on plant quality and productivity.
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Microbes are responsible for 90% of biological recycling.
Amongst the things they need to do their work are oxygen, water
and the right soil temperature. All natural organic compounds in
the soil can be recycled providing the soil has sufficient
microbe-carrying capacity to encourage biodegradation.
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Creating healthy soil with an active soil life ensures that geophysical processes continue undisturbed and also that it is
capable to deal with human interventions that could lead to longterm degradation. One aspect of degradation that is receiving
increasing attention is the way in which soil contamination can
be reversed by supporting the activity of soil organisms.
There are thousands of elements that can contaminate soil.
However, only organic contaminants can be broken down by
microorganisms. For this process to be effective, however, the
soil must have some degree of natural fertility. If this is not the
case contaminated land must be “farmed” back to health so that
the microorganisms can begin their work of biodegradation.

A closer look into the soil shows the presence of millions of beneficial
friendly microbes. Illustration: Loek de Moll, 2003

Peter Doelman. August Faliseweg 10, Wageningen, The Netherlands.
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Using weed to fight weed
Paul B. Okon and Uche C. Amalu

Box 2: Awolowo, a “bad weed” revisited
The most devastating weeds are usually found on farmlands
degraded of fertility and they can make or break a farm and lead
to a total loss of yield. Two types of grasses have wreaked havoc
on farms in Nigeria: Spear grass (Imperata cylindrica (L)
Beauv.) and Running Carpet grass (Axonopus compresus). The
former is most common on degraded farms in the savannah
areas, while the latter is mainly found in Nigeria’s rainforest
zone. Currently, these grasses infest thousands of hectares, and
their elimination is required in order to rehabilitate the
agricultural productivity of these areas.

Weeds as allies
Local farmers in southern Nigeria know that a number of broadleaf (dicotyledon) weeds are capable of suppressing and, in time,
replacing other weeds. They have found that a plant, known
locally as “Awolowo” or “independence weed”, is able to
eliminate Carpet grass on degraded farms. However, Awolowo
(Chromolaena odorata) can also become quite a menace itself
(see Box 2). The capacity to suppress grassy weeds is not unique
to Awolowo. It is known that a number of cover crops like
Centrosema pubescens and Mucuna pruriens are also able to do
this. As broad-leaf plants they compete vigorously with the
grassy weeds for light, shading these grasses with their dense
canopy and eventually containing their growth.

Box 1: The burden of weeds
Weed control may be one of the most labour intensive practices in crop
production. In traditional Nigerian agriculture weeding is usually done by
hand. In the tropical rainforest zone, three rounds of weeding are required
before the crop is sufficiently well established to smother their growth. It
has been estimated that in small-scale production systems weeding
consumes between 30 to 54% of the total amount of labour, depending on
the crop and the level of other available resources. It takes about 280 hours
of labour to weed one hectare twice. Weeds are among the most serious
pests farmers have to contend with, and fields are often abandoned when
weed pressure become unmanageable.

Awolowo, also called “Siam weed” or “Independence weed”, is a shrub
native to South and Central America and can grow to more than three
metres in height. In recent decades it has become a serious pest in the
humid tropics of South East Asia, Africa and the Pacific Islands. However,
some researchers and farmers have found it a useful ground cover under
certain conditions. Farmers in South Cameroon have adopted
Chromolaena odorata fallows in groundnut based cropping systems
because of its accretion of organic carbon and plant nutrients. Its use as a
natural weed suppressor is now under investigation.
However, the plant should only be used in areas where
it is already common. It should not be introduced into new areas!

Awolowo or other cover crops to get rid of Spear grass is a more
difficult business. This is because Spear grass does not reproduce
through seeds but through stolons or shoots at, or just below,
ground level, which take root and develop into new plants. These
stolons must be dried out before Awolowo or cover crops are
introduced. Fields infested with Spear grass need to be ploughed
twice a year in the middle of the dry season, before the seeds of
broad leaf plants like Awolowo, Centrosema, and Mucuna are
spread at the beginning of rains. The exposed stolons dry out and
the Spear grass plant cannot effectively reproduce. Ploughing
also has to be repeated the following year to ensure that no
stolons survive.
■
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We think that Spear grass can be dealt with in a similar way. This
weed is already being suppressed using cover crops in Benin,
where over 14,000 farmers are using Mucuna species to increase
maize production and suppress Spear grass. However, using

❷

❶
Fighting to replace Spear grass (2) with Centrosema (1) and Awolowo
(3) in Cross River State, South Eastern Nigeria. Photo: Paul B. Okon
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In order to get rid of Running Carpet grass farmers collect
Awolowo seeds available in the vicinity of their farms and spread
them in their fields at the beginning of the rainy season. After it
has become established it is occasionally cut back (a process
known as slashing) to encourage vigorous and timely re-growth.
The slashed material itself is used as a mulch to further suppress
the grass. The operation is considered successful if it suppresses
the grass from maturing to the seed bearing stage. Awolowo is cut
back up to three times, usually during the rainy season. This
practice means that farmers have to leave their land fallow for a
year or more, but they consider it a small price to pay as it is
preferable to shifting cultivation sites every three or four years,
just to get some relief from Carpet grass. Other options such as
expensive herbicide are beyond the farmer’s means.
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Indigenous fodder trees for rehabilitation
Blesilda M. Calub

In the hilly communities of Western Batangas, South Western
Luzon in the Philippines, farm households depend largely on the
sale of livestock as a source of income, and are farmers therefore
highly concerned about the available fodder supply. In this area,
the main farming system can be characterised as slash-and-burn
or swidden agriculture. Patches of land (0.5-1.0 ha) are cleared
from tropical rainforests and then planted with food crops such as
corn, rice and beans. After growing crops for two to three years,
the area is left fallow for four to ten years. These fallow lands are
used as grazing areas and consequently do not get the chance to
recover. Instead, grazing animals cause land degradation through
overgrazing and trampling the land. Manure and urine return
only a limited amount of nutrients to the soil. Furthermore, the
fallow lands usually only provide poor quality forage. The
livestock carrying capacity of these grasslands is low because of
the predominance of poor quality pasture grasses such as
Imperata cylindrica, Themeda triandra and Chrysopogon
aciculatus.

Domestication of fodder trees and shrubs
From 1997 to 2002, a project on the domestication of
indigenous fodder trees and shrubs was undertaken to address
these problems. The project had an action research/participatory
technology development approach. On-farm trials were
conducted with farmers to help refine technologies that would
fit into existing farming circumstances. Farmers participate in
the programme because they liked to experiment and try out new
technologies. They were also attracted to the idea of having an
assured supply of fodder.
A Participatory Rural Appraisal (PRA) was conducted to
understand the existing silvipastoral systems, identify the
different fodder trees and shrubs and rank them according to
characteristics identified by farmers and project staff. We then
continued to study the “highly preferred” species, looking into
propagation and nursery techniques, herbage production, cutting
management and persistence studies as well as feeding value
and nutrient composition.

Farmers’ preferences for tree species
Cattle and goat raisers have traditionally relied on indigenous
fodder trees and shrubs as animal feed. They shifted to Leucaena
leucocephala (ipil-ipil) when this multipurpose tree was heavily
promoted in the 1970s. However, after a psyllid (an insect) attack
destroyed Leucaena stands in 1985, farmers showed a renewed
interest in the use of indigenous fodder trees and shrubs,
although the remaining Leucaena stands continue to be utilised.

The species included in the research were identified in
collaboration with farmers. Farmers’ preferences for certain
fodder species were based on feeding values (palatability and
ability to fatten), tree growth characteristics (fast regrowth, ease
of propagation and establishment) and tree management issues.
For farmers it is important that the trees are tolerant of frequent
cutting and the cut herbage is easy to handle.
Farmers like to plant various different species as they say that
animals do not like to eat the same fodder all the time, but prefer
to consume mixtures of several species. Other farmers pointed
out that they prefer fodder species that serve other purposes as
well. For example, they prefer to plant fodder trees that can also
serve as fence or border markers or can hold soil in very steep
portions of their fields.
Many farmers still want to plant Leucaena despite the psyllid
infestation. According to them, Leucaena is fast growing, it can
fatten animals quickly and the animals like it a lot. However,
some farmers only plant Leucaena because they believe that it is
not necessary to plant indigenous species.

Preferred planting sites
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Farmers carrying fodder over long distances. Photo: Blesilda Calub
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Farmers appreciate fodder trees and shrubs as they play an
important role in bridging the gap in fodder supply during the
critical dry months. Being perennials, trees are more able to
withstand prolonged periods of moisture stress than grasses.
In addition, fodder from trees and shrubs have a high nutrient
value that supplements the, often poor, quality of crop residues,
the normal feed during these dry months. However, harvesting of
fodder trees and shrubs has often been so heavy that the trees
cannot regenerate as it prevents trees from producing the seeds
required for natural regeneration. Despite these problems,
farmers were not inclined to plant fodder trees. They believed
that, being indigenous, these trees would grow by themselves.
At the same time farmers also pointed out that fodder trees and
shrubs that used to grow around their homes have now receded
farther into the mountain forests. They now need to travel further
and spend more time gathering tree fodder.

Farmers have started planting fodder trees and shrubs along
farm boundaries and in backyards. Many farmers are limited to
these planting sites as their farmland areas are small or because
they do not own their land. But they also prefer fodder species to
be near their homes to save time gathering fodder. Women in
particular indicated that they prefer planting near the house so
they do not have to go far for fodder or leave their homes for a
long time. In addition, planting near home reduces the risk of
fodder being surreptitiously collected from their trees by others.
Planting along boundaries is also done to mark the borders and
to ward off stray animals.
Farmers with relatively larger holdings (2-4 hectares) can plant
fodder trees as hedgerows integrated with crops. Those with
larger fields in steeply sloping areas have established several
hedgerows of Leucaena or Gliricidia. They were pleased to see
that soil gets trapped on the upper slope of the hedgerows. These
farmers may also plant trees in blocks as fodder banks in areas
where crop farming is difficult. This is often on steep slopes or
near waterways. However, farmers will prioritise planting food

crops wherever possible. In general, they only consider planting
fodder trees, or some fruit trees, where the land is not suitable
for food crops.

Fodder production
Some trees, such as Leucaena, Gliricidia, Muntingia calabura,
Erythrina orientali can start producing fodder as soon as six
months after planting. Other species like Trema, need at least
nine months, or in the case of Macaranga and Pipturus
10-12 months, before they can be cut for fodder. Streblus asper
and Albizia saman are very slow growing in the first three years,
which makes them difficult to recommend to farmers, although
they have a high nutrient content and are relished by animals.
Instead of planting, farmers were advised to allow the natural
stands of this species more time to regrow, so they would not die.
Depending on the tree species and soil conditions, average
edible herbage yields from 90-120 day old regrowing trees is
1.5 kg dry matter per tree. At this rate, 400 trees will yield
600 kg fodder. If a 300 kg cow consumes 7.5 kg dry matter per
day, it will be assured of good quality feed for 80 days. In
practice, however, farmers try to extend the availability of green
fodder throughout the dry season. Usually, they will give their
cattle tree fodder once a day (about half of what is required) and
for the rest of the day, the animal feeds on crop residues or
grazes the remaining grasses in the fields. If the farmer has
some spare cash, he may mix some rice bran and salt to the
water. In most cases however, his animals will be mainly
dependent on tree fodder to survive this critical period.
The frequency of cutting fodder or harvesting from these trees
depends not only on the species but also on the season.
Leucaena and Gliricidia can be cut every 60 days during the
rainy season but every 90 days during the dry season. Trema
orientalis, Muntingia calabura and Macaranga tanarius can be
cut every 90 days during the rainy season and every 120 days
during the dry season. Streblus asper can only be cut every
4-6 months.

Farmers’ management of planted trees
Trees planted on or near crop fields need to be cut regularly to
keep them from shading the crops. This may cause a problem, as
the trees need cutting at the beginning of the cropping season
when labour is in short supply. In this area, however,
overharvesting is the more pressing problem. Trees tend to be
cut too frequently, when there is little regrowth and this can
threaten their survival.
About 30-40 farmers in various villages continue to plant
indigenous fodder trees and shrubs using seeds (for Leucaena,
Trema orientalis and Macaranga tanarius), stem cuttings (for
Gliricidia and Pipturus arborescens) and wildlings (for
Muntingia calabura and also Trema orientalis). Some also plant
Flemingia rostrata and Desmodium rensonii.

Challenges
Promoting tree planting for the purpose of rehabilitating
degraded lands is not, in general, appealing to farmers. But they
can be easily motivated to plant certain species such as fodder
trees and shrubs that directly address their needs. Promoting
fodder tree planting in degraded grazing lands is like hitting two
birds with one stone. On the one hand, it helps meet livestock
raisers’ needs for fodder, and on the other hand, trees help
alleviate degradation.

analysing the root causes of their problems, identifying possible
solutions, and testing these together. In addition to involving the
farmers in research activities, it is useful to conduct
complementary activities such as training seminars. These
should not only focus on the technical aspects of growing and
managing the trees but also on enhancing farmers’ appreciation
of sustainable resource management. On-going monitoring and
evaluation with the active participation of farmers is also
important.
■
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Table 1: Farmers’ preferences of indigenous fodder trees
Botanical name

Farmers’ criteria
Feeding
value

Macaranga tanarius
Streblus asper
Trema orientalis
Cordia dichotoma
Ficus angustissima
Ficus balete
Ficus hauili
Ficus spp.
Muntingia calabura
Albizzia lebbekoides
Albizzia procera
Pipturus arborescens
Pterospermum obliquum
Vitex parviflora
Grewia multiflora
Anaxagorea luzonensis
Antidesma bunius
Antidesma cordato-stipulaceum
Bridelia stipularis
Gardenia longiflora
Arytera litoralis
Garuga littoralis
Kleinhovia hospita
Pterocymbium tinctorium
Grewia rizalensis
Leea manillensis
Pterospermum diversifolium
Zizyphus trinervia
Capparis micracantha

9
9
9
8
7
7
7
7
9
8
4
7
7
5
7
6
7
7
6
6
5
6
6
6
6
6
5
4
4

Tree

Overall rank
Tree

characteristics management

9
9
8
7
8
8
8
8
6
5
8
7
7
7
5
6
6
6
6
6
6
6
6
6
5
5
5
6
5

8
8
6
7
7
7
7
7
7
8
8
6
6
8
7
6
5
5
6
6
6
5
5
5
5
5
6
4
4

1st
1st
2nd
3rd
3rd
3rd
3rd
3rd
3rd
4th
5th
5th
5th
5th
6th
7th
7th
7th
7th
7th
8th
8th
8th
8th
9th
9th
9th
10th
11th

Farmers’ criteria range from 3 (lowest possible score) to 9 (highest possible score)
Overall rank ranges from most preferred (1st) to least preferred (11th)

Successful adoption by farmers, however, does not happen
overnight. It involves working hand in hand with farmers in
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Scenes from the Guangdong area before (left) and after (right) ecological restoration. Photo: Jianwu Wang

Agroecological restoration in Guangdong
Peter Riggs

In 1980, Guangdong Province became one of China’s new
Special Economic Zones, encouraging foreign investment in
manufacturing and light industry. Today, the province’s capital is
a major banking and financial centre but agriculture continues to
contribute heavily to Guangdong’s GDP.
The developments of the last 20 years have, however, had a
serious impact on the environmental health of the countryside and
as a result on the welfare of many farming communities. Several
food safety scares over the past few years have also underscored
the importance of developing ‘new thinking’ for this vital sector.

The major agricultural policy challenge facing the province in
the early 1990s can be summarised as follows: How can
Guangdong meet the food production and food quality demands
of international markets and a growing number of concerned
Chinese consumers, whilst at the same time halting the
degradation of the rural land base and reducing reliance on
dangerous pesticides and chemical fertilisers?

In response, provincial leaders in partnership with Guangdong’s
agricultural university and its network of extension agents and
consumer health specialists, have risen to the challenge.

Research and development
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Guangdong is now dramatically re-orienting its food production
and agricultural research systems, putting long-term environmental sustainability, farmers’ welfare, and the promotion of
chemical-free and/or organic agriculture at the centre of
provincial rural development efforts. Guangdong is skilfully
positioning itself to take advantage of rising Chinese consumer
awareness of food safety and quality concerns. At the same time it
is also securing the position of the province’s agricultural export
sector under the new international rules that China must now
follow as a result of its accession to the World Trade Organisation.
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Today, Guangdong is one of China’s wealthiest provinces and has
the resources to deal with the alarming legacy of environmental
damage caused by the policy instability of earlier periods.
Increased wealth has also meant that the priorities of local
consumers have shifted and they are increasingly concerned
about food quality and safety.

Guangdong has never been a “rice bowl” in the sense of
committing vast acreage to growing staple grains. Rather,
Guangdong has long enjoyed comparative advantage in the
production of sub-tropical fruits, sugar cane, as well as farmed
fish and horticulture products. The flat and well-watered Pearl
River Delta region in southern Guangdong was famous for the
“dike-pond” agriculture system, in which farmers devote the
major share of their acreage to ponds for raising fish, particularly
carp, and recycle pond wastes onto the bunds and dikes fringing
the ponds to grow citrus fruits, sugar cane, pineapples, and
mulberry trees for feeding silkworms. But 80% of Guangdong’s
land is hilly, and in this sub-tropical climate zone the soils are
generally poor and easily eroded. The “Great Leap Forward,” the
Cultural Revolution and insecurity over land tenure in the late
1970s and early 1980s, all accelerated deforestation in
Guangdong Province leading to alarming levels of soil erosion.
Indeed, control of soil erosion has been a major concern of the
Guangdong government for the last twenty years.

Two institutions have played a key role in Guangdong’s
agricultural transformation: the province’s agricultural university,
South China Agricultural University (SCAU) and the Provincial
Committee For Science And Technology. Together, they have
organised agricultural research and development as well as
complementary research on large-scale land restoration.
By the 1980s, soil erosion had reached such alarming levels that
in many cases the province opted for, or had no choice but to
implement, “engineering” solutions that sought only to stabilise
hillsides and watercourses. Bracken fern and pine trees were
adopted as “green cover”, useful for quickly reducing erosion
rates, but not useful as economic crops for farmers. Gradually,
the provincial institutes for geography and botany, and the
university extension services, sought to integrate farming
communities into land rehabilitation efforts. In the 1990s,
Beijing authorised local governments in China to auction off
degraded hilly lands to the highest bidders. In Guangdong,
the bidders included individual farm families, local production
co-operatives, or private companies. These “wasteland
auctions,” as they were called, again focused attention on the
productivity-enhancing technologies that could be used to bring
these lands into production while keeping soil erosion to a
minimum. The wasteland auctions were also an innovation with
respect to the rights of landholders. Now, families and
enterprises could count on long-term tenure security, which
made the construction of terraces both possible and profitable.
Consequently, in the last ten years we have seen an immense
input of labour and capital into terracing, primarily for the
production of fruit trees. First amongst these fruit trees is the
lychee, which has brought much prosperity to rural Guangdong.

Orchards
Guangdong accounts for a high proportion of the global
production of lychee, a much-coveted fruit in China and amongst
overseas Chinese. At a number of research stations in lycheegrowing areas of hilly Guangdong, SCAU has been involved in
developing organic and “high-quality” production lines. Pest
management has been a particular concern and research has
focused on biological control, promotion of organic fertilisers
through on-farm composting, and the inter-cropping in fruit
orchards of species that provide a habitat for those “natural
enemy” species that keep pest numbers in check. The diversity of
production settings resulting from the “wasteland auctions” has
been a complicating factor in the design of appropriate extension
services; yet at the same time, has helped ensure a wide range of
experimental settings.
As more of Guangdong’s farmers and agribusinesses become
interested in integrated pest management to reduce production
costs and to enhance product quality, farmers and farm managers
are paying greater attention to the environment in which “natural
enemies” of pests can thrive. In the past the practice of clearing
all the brush and grass from orchards was widespread, even
though farmers had no other explanation than that the bare soil
“looked better” than an unruly ground cover. Now, farmers
increasingly realise that this under-story provides a good
environment for insects what can dramatically decrease the need
for spraying pesticides. The new frontier for research now is
whether it is possible, and whether it makes economic sense, to
pursue inter-cropping of annuals (like peanuts or maize) or
Chinese medicinal plants to add another source of income from
orchard lands. Already, one can see areas in which trees are
planted farther apart to enable this kind of agroforestry approach.

Some municipalities in Guangdong have also experimented, with
some success, in recycling municipal wastes back to farms. In the
worst cases, municipalities see this as a “low-cost option” for
dumping garbage in areas where farmers are desperate for any
contribution to soil organic matter. Now several large-scale
municipal composting facilities are being set up. Odour control,
product quality, investment, and urban-rural linkage schemes
remain major challenges for these ventures. The question of how
to transform urban China’s growing solid waste problem, through
better waste separation and composting, into a stream of benefits
for farm communities is a new frontier for research and
development activities.

Sustainable agriculture
Guangdong has developed the technical capacity to reorient its
rural sector toward “sustainable agriculture.” With South China
Agricultural University as the focal point, Guangdong hopes to
build the service infrastructure for organic production. There is
political will at the provincial, county, and township levels to
implement changes in orientation, but in most cases there is still
a generally weak understanding of what is required to meet
international organic production standards. In addition, there are
still a number of issues that urgently need to be addressed.
One of these is water pollution. The continued over-reliance on
chemical fertilisers and the increase in concentrated animal
feeding operations are wreaking havoc with surface water
quality. There is an urgent need to develop organic fertilisers,
improve municipal solid waste management (including through
composting of the organic fraction of urban wastes) and prioritise
the safe handling of livestock wastes. Much of SCAU’s research
also focuses on the development of botanical pesticides and on
the chemical interactions between insect predators and preys.
Another critical issue is the re-tooling of extension services. The
move from a centrally-planned economy to a market economy
has completely changed the conditions under which the
agricultural extension services have to operate. In Guangdong,
many extension services have been privatised. A variety of
public-private partnerships might be explored, but it is crucial
that the worst abuses of the “contract farming” approach found
elsewhere in Asia be avoided.

Conclusion

The drive to increase soil organic content has led to two further
technical improvements. The first is an increased integration of
animal production into these farming systems. The excellent
price that farmers obtain for lychees has allowed many of them to
set up piggeries, or chicken houses, with pig and chicken wastes
recycled back to the orchards. Some parts of Guangdong also
have a very high adoption of household-level biogas systems,
with pig wastes making the major contribution to these systems.
Farmers have also found that having “free range” chickens in the
orchards has helped reduce pest problems and increase nutrient
cycling.

Peter Riggs. Programme officer at the Rockefeller Brothers Fund.
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Cutting the legume Stylosanthes guianensis for decomposition on the
farm. Photo: Jianwu Wang

While the immediate driving force behind Guangdong’s ruralsector reorientation is a concern for the competitiveness of its
agricultural products in markets increasingly concerned with
food quality and safety, the goals of the reorientation are much
broader than this. They include restoring a degraded land base;
maintaining rural communities and reconnecting them with local
cultural traditions; and combating severe surface- and groundwater quality problems. To achieve these goals, scientists and
planners in Guangdong have become practitioners of
agroecological restoration, the attempt to “reconnect food
systems with ecosystems.” Of course, one can see such efforts in
other parts of China; but it is in this wealthy southern province
where the farm-to-table market opportunities, the “knowledge
infrastructure,” and the political willingness to innovate have
come together most dramatically. Guangdong’s changing
countryside may hold important answers not just for the future of
agriculture in China, but also for rural livelihoods generally, in
response to the challenges posed by globalisation.
■
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Farmer Field School on nutrient management
Davies Onduru, Fredrick Muchena, Louis Gachimbi and André de Jager

The decline of soil fertility on smallholder farms is probably
the main bio-physical cause of falling food production in
Sub-Saharan Africa. One approach to halting this decline is
Integrated Nutrient Management (INM). In Kenya, INM is
being used to make the best use of local resources and to
optimise the effects of external inputs. The project “Integrated
Nutrient Management to attain Sustainable Productivity
increases in East Africa farming systems (INMASP)” uses the
Farmer Field School (FFS) approach in working with farmers to
develop technologies that can contribute to ensuring reasonable
levels of soil fertility and improve food security in the major
farming systems in Kenya, Uganda and Ethiopia.

nitrogen, phosphorus, and organic matter due to erosion, limited
use of inputs and poor management practices. Rainfall averages
between 150-450 mm per year, with about two-thirds falling
between October and November.
Smallholder farmers at the FFS site practise mixed farming.
Their crops include maize, beans, cowpeas and sorghum and a
number of other subsistence crops. There is some livestock
- mostly indigenous breeds - including cattle, goats, and poultry.

Developing and testing interventions
During the FFS, activities to arrest soil degradation were
developed through the following steps: literature review on soil
fertility constraints in the FFS site; participatory identification
of production resources, farming system constraints and
priorities; experimental design workshop; regular FFS learning
sessions on INM (special topics); Agro-Ecosystem Analysis
(AESA) framework in the central learning plot; end-of-season
participatory evaluation of experiments; and further data
analysis for sharing with wider scientific community.
A survey was carried out to identify production resources.
This included collecting details of farmers’ socio-economic
circumstances including the ownership of productive assets,
farming practices, broader livelihood strategies, current
opportunities, challenges of soil fertility management and
farmers’ indicators of soil fertility management. The findings of
this diagnostic exercise were used to develop a FFS curriculum
with farmers and to identify possible INM technologies for
trials.

Agro-Ecosystem Analysis session in Mbeere District in Eastern Kenya.
Photo: Davies Onduru

LEISA MAGAZINE . DECEMBER 2003

The INMASP approach is inter-disciplinary and involves socioeconomic as well as agro-technical and environmental issues.
INMASP projects seek to involve stakeholders at all
institutional levels and its strength lies in stimulating an active
and participatory approach to identifying farmers’ needs and
their experiences with soil fertility management. Farmer Field
Schools (FFS) have become a key activity in working with
farmers to develop and integrate INM technologies into
small-scale and communal agriculture (see LEISA Magazine
Vol 18 No 3).
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Although there are over 1000 FFS in operation in Kenya, not
many focus on INM or on the integration of livestock into mixed
cropping systems in order to enrich nutrient cycles. Munyaka
FFS is one of the schools created under the INMASP project.
This FFS is situated in Mbeere, a district that lies in the dryland
area of Eastern Kenya. It has been in operation for just one
season and work is being done to integrate INM into local
farming practices. The FFS is developing, testing and
evaluating technologies based on the use of local organic
resources (farmyard manure and Tithonia sp.) and mineral
fertilisers (diammonium phosphate, DAP). The Munyaka FFS
has 31 farmer members, 77% of whom are women.
Soils in the area are well drained and range from shallow to
quite deep and include loamy sand and sandy clay loams,
although some places are rocky and stony. Everywhere,
however, there is evidence of depleted fertility with low levels of

Soil fertility constraints were further diagnosed through soil
sampling and analysis. During the FFS, the results of the
analysis were presented to farmers in a clear, visual way and this
stimulated a great deal of discussion. Farmers gained a better
understanding of the current fertility status of their soil and in
particular that levels of soil nitrogen, phosphorus and organic
matter were low. Technologies jointly proposed by farmers and
FFS facilitators as options for improving soil fertility included
manure, mineral fertilisers, mulches, terracing, incorporation of
crop residues into the soil, using leaves as fodder, agroforestry,
slurry, Tithonia sp., composting, rock phosphate, green
manuring and zero-tillage (conservation agriculture).

Select one technology through ranking

▲
Select technologies with impact within one year/season

▲
Identify technologies addressing soil fertility only

▲
List technologies of interest to all parties

▲
List of farmer’s proposals

List of facilitator’s proposals

▲
Sharing results of soil and farm productivity constraints
Figure 1: Process adopted for choosing technologies for
experimentation

Results of surveys and assessments were discussed with farmers
and used to select the technologies that would be tested in FFS
central learning plot (Figure 1). The monitoring indicators to be
used during the FFS were also selected. Table 1 shows the
treatments that were selected through this participatory process.

DAP and Tithonia resulted in a less serious loss of nitrogen than
the current practice of using a single application of farmyard
manure or DAP. This showed a clear benefit in using organic and
inorganic inputs in combination. The synergy created had a
positive effect on the nutrient depleted soils in the study site.

Communication and information
Table 1: Treatments agreed upon in a PTD process in Eastern Kenya
(Munyaka FFS)
Treatment
T1
T2
T3
T4

Description
Farmyard manure (FYM), one handful per planting hole (16t/ha)
DAP, one teaspoon per planting hole (216 kg/ha)
T1 + T2
T1 + T2 + Tithonia; Tithonia applied at 3.6 t/ha fresh weight

Results on the central learning plot
The FFS experience in Munyaka showed that INM-FFS not
only improved farmers’ analytical skills but also provided
qualitative and quantitative data that could be used to evaluating
the performance and impacts of INM technologies. Besides
the farmers’ analysis that takes place during each FFS meeting,
further agro-economic analyses were done and shared with
farmers in later FFS sessions.
At the end of the season, farmers’ evaluation of the treatments
in the central learning plot showed differences with regard to
pest incidences, maize leaf colour, plant health, soil moisture
retention, weed incidences and grain yields.
Treatments with combined organic and inorganic nutrient
sources gave higher yields than single applications of organic or
inorganic nutrient sources. The grain yields also increased with
increased nitrogen and phosphorus applications. This suggests
that low levels of nitrogen and phosphorus hinder maize
production in Munyaka.
An analysis of the results achieved in the farmers’ fields showed
positive returns to labour for all studied technologies. These
returns were higher than the opportunity costs (i.e. what could
have been earned elsewhere). The combined application of
Farmyard Manure and DAP, and Farmyard Manure, DAP and
Tithonia sp. proved to be the most profitable practices. Although
Tithonia grows wild in the area many farmers had not been
aware of its potential in soil fertility management.

Farmers also identified and monitored the presence of pests and
beneficial insects. They found that treatments that included
farmyard manure attracted a relatively high diversity of pests but
also beneficial insects.

Impacts of tested INM technologies
Analysis of soil nutrients (the soil nutrient budget) showed that
the amount of nitrogen removed from the soil under normal
cropping practices was greater than the amount returned to the
soil. In other words there was a negative balance in the soil
nutrient budget. The combined application of farmyard manure,

Joint problem diagnosis during the FFS platforms brought
Government and non-governmental organisations together to
define priority problems and opportunities for research and
extension. It has also provided a strong foundation for on-going
cooperation and information flows and exchange. The FFS
platforms have also contributed to bridging the gap between
agricultural extensionists, researchers and farmers, providing a
forum through which these stakeholders come into regular close
contact with farmers.
Although FFS on INM is appreciated by both sexes, women in
particular seem to value the approach, due to the practical, field
based, learning focus as well as the social value of FFS groups.

Conclusion
No single institution can meet all the challenges involved in
improving soil fertility management, which can only be
overcome by building partnerships between farmers, extension
agents, private sector, researchers and policy makers and, more
importantly, by enhancing information exchange. Experiences
from FFS in the Mbeere district has shown that INM-FFS can be
used to stimulate information exchange, design and test INM
technologies and increase the pace of technology adoption. The
documentation and analysis of quantitative and qualitative data
generated during FFS process has created room for wider
sharing of FFS outputs both at the farm level, and amongst the
scientific and policy communities. Furthermore, the study has
shown that there is need to adapt the methodology to maximise
the use of local resources (for example, Tithonia) and optimise
application of external inputs, where available. The challenge is
to bring indigenous and scientific knowledge together under one
umbrella, which is usually easier said than done.
■
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Farmers rated the combined application of farmyard manure,
DAP and Tithonia as the best combination. They recognised that
widespread adoption of this method would be limited by lack of
money to buy DAP. However, a number of farmers have started
collecting Tithonia cuttings (Tithonia diversifolia) from the
roadside and nearby bushes to plant them within their farm
boundaries.

The INM-FFS have shown that they can provide a forum for
strengthening linkages between farmers and other consortium
partners with experience, skills and information on soil
fertility management. The experience of joint learning and the
effective exchange of information in the Munyaka FFS created a
sense of ownership amongst farmers which is an important
factor in encouraging them to put their newly acquired INM
skills into practice.
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Selective wood harvesting from shelterbelt trees by the government, not by the farmers. Photo: Lambert Onyewotu

Shelterbelts and farmers’ needs
Lambert Onyewotu, Kees Stigter, Yusuf Abdullahi and Jo Ariyo

Nigeria, with more than 100 million inhabitants, is situated in
West Africa and shares borders with Niger, Benin, Chad and
Cameroon. Climatic conditions vary considerably from south to
north. The south has a wet, equatorial climate whereas on the
northern border with Niger it is hot and (semi-) arid. Agriculture
in the northern region is characterised by millet monoculture. In
areas with a little more rainfall, millet and sorghum are
intercropped with cash crops such as groundnut and cowpea.
The use of fertilisers, pesticides, improved varieties and
machinery is generally limited. The Hausa, Kanuri and Fulani
are the main ethnic groups who inhabit the area. A small number
of nomads, mainly Fulani, visit the region with large herds of
livestock.
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Deterioration
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Over the last 40 years serious desertification has occurred in
northern Nigeria as a result of both natural causes and human
activity. In recent years, there has been a gradual decline in rainfall.
During the 1960s, the average annual rainfall in the city of Kano in
Northern Nigeria was 825 mm. By the 1970s it had fallen to
700 mm and in the 1980s annual averages of about 650 mm were
being recorded. Although rainfall remained fairly stable during the
1990s, farming under such conditions became increasingly
difficult. In addition, population pressure has increased as labour
migrants returned to the area after the oil boom in the South ended.
As a result holdings have become smaller and fallow periods
shortened. Vegetation cover has been eliminated as trees in natural
parklands have been cut down, bush burning has intensified and
overgrazing has continued uncontrolled. Over-used, unprotected
and exposed to sun and wind, the soils in the area have degraded
rapidly.

They established more than 20 km of rainfed multiple
shelterbelts - eleven in total - of Eucalyptus camaldulensis at
Yambawa, 75 km north east of Kano and not far from the border
with Niger. The area was a strategic one. It was near an
important road used by caravans and traders and many returning
migrants had started to resettle there.
The shelterbelts settled drifting sand and undulations and
encouraged the return of soil protecting grasses. Farmers tried to
make use of the improved microclimatic and soil conditions
between the belts by growing millet.

Design errors
Unfortunately the Forestry Department made its decisions alone
and they did not involve any other stakeholders in the planning
process. There were no contacts between Department officials
and outside engineers and scientists who could have supplied
useful information about how to construct shelterbelts. In
addition, the Department had very poor access to the literature
about previous research and experience with windbreaks.
As a result there were several design problems with the
shelterbelts. In order to deal with the problem of seasonal
changes in wind direction, shelterbelts were established at an
angle to the prevailing winds. This diminished their wind
protective functions in both the wet and the dry seasons. As a
compromise, and in order not to occupy too much farmland, the
belts had also been established too far apart. The usual distance
between belts is about 10 times the final height of the trees. The
Forestry Department, however, spaced its belts irregularly from
between 15 to 25 times the estimated final height of the trees.
Because the belts were so far apart, they were unable to protect
all the land between the shelterbelts and much of the soil was,
therefore, left unprotected against hot winds and solar radiation.

Trying to cope with desertification
In the 1970s, and especially during the great drought of
1972-1973, the scale of human suffering was so great that
passionate appeals were made for official intervention to halt
desertification. As a result the Kano State Forestry Department
devised a programme of land rehabilitation using shelterbelts.

The width of the shelterbelts themselves was arbitrarily chosen
as 30 m, which meant they still occupied about 20% of
farmland. Better results would have been achieved if the width
of the shelterbelts and the space between them had both been
halved.

No participation, no benefits
The farmers disliked the shelterbelts which took up much of
their agricultural land. Our early research confirmed that the
shelterbelts competed with their crops for water, light and
nutrients, while offering limited protection to the fields they
were designed to shield. Instead of Eucalyptus trees, the farmers
would have preferred indigenous tree species that could have
offered food, fruits, fodder or medical products. They disliked
their farmland being occupied without compensation and the
fact that they were not allowed to do any maintenance on the
belts, such as pruning the front branches to stop the trees
shading the front rows of crops, or coppicing (cutting back)
which would have provided them with fuel wood.

The Forestry Research Institute of Nigeria (FRIN) has presented
these recommendations and the outcome of the participatory
experiments at several seminars that have been attended by
government extensionists and forestry staff.
At the moment the Forestry Department does not seem to have
any plans for improving the efficiency of the shelterbelts.
Present policy, financial restrictions and the lack of a tradition,
at the official level, of participatory approaches to these types of
issues are important constraints. At present, no workable
solutions to the problems associated with existing shelterbelts
are being developed, and alternative options, such as parkland
agroforestry to rehabilitate soil and stop desertification, are not
being considered.

The heavy demand for wood for fuel and for building provides
an important reason for establishing a shared management
system for shelterbelts and woodlots. However, at the moment
management is in the hands of the Forestry Department and
farmers are still not involved. Fuel wood from the shelterbelts
can be obtained through official channels, but a survey indicated
that only 40% of farmers get wood through these channels.
In 1993, it was estimated that some 3000 people were affected
by these shelterbelts. Labour migrants continued to return
home and the Forestry Department was convinced that these
ex-farmers were returning because of the shelterbelts. This
however, was a serious misconception.

Repeating errors in the future?
In the late 1980s, the authors started doing research – partly
farmer-managed – on the shelterbelts to find out how the
situation could be improved. The results of this research enabled
the development of a number of concrete recommendations.
It showed, for example, that root pruning and branch pruning
were necessary precautions to reduce competition between
millet and trees. The farmers took to root pruning without any
difficulty because they could see its benefits. However, the
Forest Department did not allow them to prune the branches
because fuel wood collection and sale is the exclusive right of
the authorities.
Research also indicated that better crop yields could be achieved
by using higher inputs of organic fertilisers in combination with
either of the following:
• The better design of multiple shelterbelts,
• Planting farmer- friendly scattered trees at appropriate
densities in the wide spaces between the shelterbelts;
• Replacing shelterbelts by a system of scattered trees – the
so-called parkland agroforestry traditionally used in the
area – but with considerably improved densities.

During the day, nomads and sedentary farmers like to use shelterbelts
for shading their cattle and themselves. Photo: Lambert Onyewotu

Real change requires participation, planning,
coherence and resolve
The experience of Northern Nigeria confirms that soil
management and rehabilitation policies must be set in the
context of wider development objectives and a well-defined
direction of social change. Federal and state authorities in
Nigeria have an important responsibility in this respect. In
developing a policy of soil rehabilitation, farmers’ input not only
provides important insights but is also necessary for establishing
effective and communal management systems. These systems
should have enabled the involvement of returning landowners
and farmers, and must now also be capable of evolving to meet
the agro-ecological and demographic challenges of the region.
In addition to securing farmers’ participation, special extension
intermediaries should be trained and equipped to improve the
flow of information between researchers, farmers and
government authorities.
■

Shelterbelts were established too far apart. Photo: Lambert Onyewotu
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Sand blocked water distributary. Photo: URMUL Trust

Moving in sand and time
Sushila Ojha

“There is a serpent on your chest
Oh land of dunes rise and awake
Open your eyes to reality
Leave the false illusions”
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The great Thar desert covers much of Rajasthan. Receiving less
than 160 mm rain annually, it is perhaps the driest region of
India. It is a vast, arid, unfriendly and tough terrain with shifting
sand dunes, sparse population, extreme temperatures, stunted
vegetation and very little arable land. Faced with deep brackish
ground water, erratic rainfall and recurring droughts local
communities have developed a tradition of seasonal migration
and livestock rearing. Every raindrop is valued and water
harvesting has always been important. Despite these tough
conditions, the desert has 12.8 million inhabitants.
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Today the region is cross-cut by canals, all part of the vast Indira
Gandhi Irrigation Scheme, IGNP, that bring in water from the
Punjab. A vision to create prosperity in this desolate region was
born in the early 1900s and became reality when, in 1948, work
started on one of the world’s largest irrigation schemes. Financed
by the World Bank and using water from the Sutlej and Beas
rivers, the scheme is still being developed. The IGNP uses 90%
of the ten billion cubic metres of water diverted from the Punjab
to feed its 7000 km of canals and to irrigate some 1,500,000 ha
of agricultural land. The IGNP accounts for 8% of the total
agricultural area of Rajasthan and has turned the state into a
net exporter of food grains, cotton and groundnuts. The scheme
has also brought sweet drinking water to the settlers in the
command areas and to those living in the many urban centres
and rural villages.
The introduction of large-scale, centralised irrigation has
radically affected the area. Initially water from the canal was used
for intensive flood irrigation of groundnut and cotton. Intensive
mechanised agriculture using chemical fertilisers and pesticides
was introduced and tenancies and share-cropping practices

became common. Farmers’ attitudes to the use and management
of land and water changed. Traditional respect for these resources
was eroded by the attractions of the cash economy and as a result
the customs of water harvesting, fundamental for survival in this
desert environment, have been forgotten.
1987 saw one of the worst droughts of the century and the
irrigation system was unable to deliver enough water. URMUL, a
NGO working in arid Rajasthan for the integrated development
of the cattle rearers, realized the need to reconsider their
approach.
URMUL was deeply concerned about the increase in salinity and
water logging in Stage-1 and emerging dangers in Stage-2.
Irrigation practices and intensive agriculture in Stage-1 area were
harming the soil. Irrigation and seepage from the canals was
causing water logging because the local gypsum hardpan
prevented water percolating deep into the ground. Instead, excess
water evaporated from the surface of the soil, leaving its salt
content behind. Almost 13,000 ha of land was permanently under
water in Stage-1 and 1200 ha had developed into marshy land in
Stage-2. The land was ruined and farmers had to leave. Water
logging, salinisation and siltation had become major problems
for farmers in the command area. URMUL was also concerned
about the speed with which the pastoral economy and lifestyle
were changing.
In 1991, URMUL organised a workshop to assess the technical,
economic and social impacts of the cash economy stimulated by
the irrigation scheme. For the first time the voices of farmers,
new settlers, agro-businessmen and marginalized farmers
affected by the canal system were heard. After the workshop
participants undertook a journey along the entire course of the
main canal, from the head-works to the tail-end, to put
observations made during the workshop into perspective.
Several new issues were identified:
• Social and economic disintegration
• Break up of family and traditional support systems

• Loss of village identity. Settlements were now known by the
numbers of the distributaries or water channels e.g. 1 LKD
means first settlement at Lunkarsar Distributory
• Obstructed or dry water courses or no supply at all in the areas
at the ends of the distribution channels
• Resurgence of malaria
• Inappropriate policies for afforestation and sand stabilisation
(large-scale Eucalyptus plantations)
• Inadequate health and education facilities in new settlements
• Market forces cause farmers double losses - harvest bought at
low prices and agricultural inputs sold expensively
• Water disputes leading to violence and crime
• Women face new problems of social insecurity and isolation
• Malnutrition because crops grown are not part of
traditional diet
• Values like social justice and equity eroded in this new
context
The experiences during this journey lead URMUL to change its
strategy - to one based on faith in local traditions, knowledge and
skills. URMUL decided to begin work in the new Stage-2
settlements. Here, farmers were organised in Chak samities – a
Chak being a group of fields irrigated by a common water outlet –
to work in a participative way to find solutions to these problems.

Ensuring water
Because distribution channels followed the contours of sand
dunes drifting sand could easily fill them obstructing the flow of
water to the fields. After a communal problem resolution exercise
it was decided to adopt the low-cost technique of covering critical
parts of the open channels with locally available stone-slabs and
mud mortar. Pits for trapping sediments were constructed before
the covered part to prevent these tiny soil particles from settling
in the covered water channels and clogging them. This cost
effective, simple community managed project was very
successful. It ensured water flow and enabled the farmers to grow
two crops a year. With the support of the World Food
Programme, the IGNP command area development authorities
later took up this idea and scaled it up.
Most of the settlers had not considered it necessary to construct
water harvesting structures when they settled in the irrigation
scheme because they were surrounded by canal water. This meant
that the first drought caused a water crisis. With little water in the
dam the canals dried up and farmers realised their vulnerability.
They started to reconsider traditional systems of water harvesting
and began to construct Kunds, rainwater collection tanks, again.

Improve production

“Rathi” is an indigenous breed of cattle adapted to desert
conditions. The breed has been ignored for a long time in favour of
cows cross-bred with Jersey and Holsteins. However, these breeds
turned out to be unsuited to arid conditions whereas Rathi herds
had survived for centuries in the Thar desert needing little water
and fodder yet providing high milk yields. URMUL is now trying
to improve the Rathi breed with the support of National Dairy
Development Board. The project has started with ten thousand
milk producing families in Suratgarh and Lunkaransar in Stage-1,

Social services
Another set of problems also needed attention. The tremendous
resurgence of malaria caused an epidemic in the Western districts
of Rajasthan, an area normally malaria free. This resurgence is
the result of the environmental changes caused by the IGNP
canal. The canal has changed the ecology and the waterlogged
areas flanking the canal course have become breeding grounds
for mosquitoes. In addition, 60-70% of the total malaria cases in
the 1994 epidemic were caused by the deadly Plasmodium
falciparum. Primary health care services are not available
because of the scattered nature of the settlements. Therefore,
URMUL trained 300 local women to be primary health workers.
Most of them, although illiterate, have become experts in
primary health care and they now provide reproductive and child
health care which includes anti-natal and post-natal care while
ensuring safe deliveries, the treatment of all primary health
problems, immunization and health education. An indication of
the success of this initiative is that the communities are
subscribing to these health care services. Village health workers
have also organized women’s self-help groups (SHG). These
micro-finance groups are running micro-enterprises such as
community shops, fodder-banks, grain-banks and also provide
for other community requirements. The SHG movement have
made a tremendous contribution to empowering women socially
and currently almost ten thousand women are members of SHG
movement.
In order to provide some education for girls, education camps
were developed and these have become popular throughout the
canal area representing an alternative education and life-skills
development programme. On average, one hundred girls stay
together in one of these camps for six months. Away from their
homes they remain in the care and supervision of specially
trained teachers. The girls, who are between 12 to 18 years of
age, have never been to school before coming to these camps and
during their six-months stay they acquire competencies
equivalent to primary level of education. In addition, they are
introduced to the issues such as collective living, human values,
gender-equity, health and hygiene as well as other life skills.
Environmental awareness, water management, land use as well as
cropping patterns suitable to local conditions are also included in
their training. The success of these camps can be measured by the
demand for more camps and the willingness of parents,
especially from poor classes, to send their daughters to them.
This activity is a long-term investment in human resource
development and empowerment of women.
It is true that much of the change brought by the canal have
helped raise living standards of the people in the command area.
But over time it has become clear that total dependence on canal
system is not sustainable. The farmers – disillusioned after their
bitter experience – are again turning to the knowledge contained
in their traditional customs and practices for solutions to the
problems they now face.
■
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Excessive use of chemical fertilisers and pesticides in the
command area had made the land infertile and yields were
declining. As an alternative and to ensure rehabilitation, URMUL
introduced organic vermi-compost and training in its production
and use is an on-going activity. Today, it is an eco-friendly, safe
and low cost option readily available to small-scale farmers.
The Rajasthan Agricultural University in Bikaner has taken up
the idea and is promoting it in other areas.

an area where land has been devastated by water logging.
The scarcity of fodder, especially during droughts, has always
been a challenge for cattle rearers. Traditionally, fodder was
harvested and stored in fodder banks. The stacking was done in a
way that kept the fodder safe and edible for at least four to five
years. However, with the development of the canal, this crisis
management practice was ignored. The severity of the drought in
1987 encouraged URMUL to revive the fodder banks and they
have now been reintroduced.

- Sushila Ojha. 33 Kailashpuri, Bikaner 334001, India. E-mail: Ojhafam@sancharnet.in
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Land reform and peasant livelihoods: the social dynamics of
rural poverty and agrarian reforms in developing countries by Ghimire KB
(ed.). 2001. 112 p. ISBN 1 85339 527 7 US$ 27.50. IT Publications,
103-105 Southampton Row, London WC1B 4HH UK /
orders@itpubs.org.uk ; www.itdgpublishing.org.uk.
Millions of small-scale farmers are vulnerable to hunger and
poverty as a result of inadequate access to land and productive
resources. This book argues that comprehensive land
redistribution is key to improving rural livelihoods. A team of
experts in field research, advisory work and the implementation
of reform programmes, present a critical analysis of the
performance of land reform efforts, and review the role of
different actors in this process. The contributors scrutinise the
inadequacy of the market-driven approach to land reform,
which is linked to the structural adjustment policies of the
World Bank. They convincingly advocate a flexible approach
towards redistributive reforms as the most appropriate strategy
for alleviating rural poverty. Recommended (WR).
La menace vient du nord: enquête sur le coton
2003. 69 p. Oxfam Solidarity, Vierwindenstraat 60,
1080 Bruxelles, Belgium / oxfamsol@oxfamsol.be
This folder explains the “cotton issue” in West
Africa, whose poor cotton farmers will only be
able to survive if the rich countries stop dumping
subsidised cotton onto world markets. This case
study also explores the more generalised
problems of developing countries in increasingly
globalised agricultural markets. (WR)
Good times and bad times in rural Java: case study of socioeconomic dynamics in two villages towards the end of the twentieth
century by Breman J, Wiradi G. 2002. 330 p. ISBN 90 6718 187 0
EURO 33.-. KITLV Press, PO Box 9515, 2300 RA Leiden, The Netherlands
kitlvpress@kitlv.nl.
This micro-study on socio-economic dynamics in two villages
along the coast of West Java, argues that since the onset of the
Asian economic crisis, more than half of all households now
live below the poverty level- a figure which official records
have failed to identify. In contrast to the received wisdom that
the villages still function as communities, the crisis has
widened the gap between the rural rich and poor. This book
discusses the repercussions for work and welfare in this rural
area. (WR)

sustaining livelihoods of many such farmers. The sustainability
of farming systems and food security is currently threatened by
losses of animal genetic diversity. This workshop starts from
the assumption that farmers are the
custodians of farm animal genetic resources
and are therefore best placed to manage
these resources. (WR)

Pathways of change in Africa: crops,
livestock and livelihoods in Mali, Ethiopia and
Zimbabwe by Scoones I, Wolmer W (eds). 2003.
320 p. ISBN 0 85255 422 2 GBP 16.95. James
Currey Publishers, 73 Botley Road, Oxford OX2 0BS,
UK / sales@jamescurrey.co.uk
This book looks at the diverse ways in which
cropping and livestock patterns are changing
in three contrasting settings (in Ethiopia,
Mali and Zimbabwe). The authors of this series of empirical
case studies argue that mixed farming is not the only option for
sustainable development. The book provides an analysis of the
cases from this point of view. (WR)

Evaluating capacity development: experiences from research
and development organisations around the world by Horton D. [et al.]
2003. 170 p. ISBN 92 9081 274 5. International Service for National
Agricultural Research (ISNAR), PO Box 93375, 2509 AJ The Hague,
The Netherlands / isnar@cgiar.org ; www.cgiar.org/isnar
This book is the result of a collaborative effort involving many
individuals in research and development organisations from
around the world. It draws together the experience and insights
from six evaluation studies carried out under the umbrella of
the ‘Evaluating Capacity Development”(ECD) Project, coordinated by ISNAR.
Capacity development currently attracts a great deal of
attention and considerable sums of money are spent promoting
it. Yet there have been only limited systematic evaluations of
such efforts, hampering attempts to draw lessons that could
improve future programmes. This book is written for managers
and evaluators in research and development organisations. The
authors used examples and lessons drawn from the evaluation
studies as a basis for identifying how capacity development
efforts and evaluation can help organisations to achieve their
missions.(WR)
Agroforestry by Verheij E. 2003. 85 p. ISBN 90 72746 92 9.

LEISA MAGAZINE . DECEMBER 2003

Community-based management of animal genetic
resources: proceedings of the workshop held in Mbabane, Swaziland,
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7-11 May 2001. 2003. 190 p. Food and Agriculture Organisation of the
United Nations (FAO), Viale delle Terme di Caracalla, 00100 Rome, Italy /
www.fao.org ; Publications-Sales@fao.org. GTZ.
This workshop was organised to
develop a conceptual framework
for community-based management
of animal genetic resources. In the
Southern Africa region about
75 percent of farm animals are
kept by communal/smallholder
stockowners. Animal husbandry
therefore plays a key role in

AGROMISA, PO Box 41, 6700 AA Wageningen, The Netherlands /
agromisa@agromisa.org CTA / cta@cta.nl. (Agrodok ; 16).
This completely revised Agrodok focuses on tropical
agroforestry, which straddles the disciplines of tropical forestry,
plantation tree crops and tropical fruit and nut crops. However,
forest trees and tree crops are at the fringe of agro forestry’s
concern. Its main focus is on so-called “auxiliary woody
plants” which do not yield a marketable product, but are multifunctional and play a supporting role in cropping systems. As
well as supplying fodder and/or fuel wood these functions
include providing shade or shelter, serving as support (e.g. live
stakes for climbers) or protection (a hedge to keep out cattle, or
– on a slope – stemming erosion. This useful manual is
available once again. (WR)

Visit our website: www.ileia.org

Biological management of soil ecosystems for
sustainable agriculture: report of the International Technical
Workshop organized by EMBRAPA-Soybean and FAO, Londrina, Brazil,
24-27 June 2002. 2003. 102 p. ISBN 92 5 104966 1 US$ 27.00. Food
and Agriculture Organisation of the United Nations (FAO), Land and Water
Development Division, Viale delle Terme di Caracalla, 00100 Rome, Italy /
Publications-Sales@fao.org. (World Soil Resources Reports 101,
ISSN 0532-0488).
This workshop was organised as a contribution to the joint
programme of the Convention on Biological Diversity (CBD)
and FAO. Scientists and practitioners from several regions
joined efforts to review and discuss the concept and practices
of integrated soil management, shared successful experiences
and identified priorities for action. The workshop set out
maximise the benefits (e.g. enhanced productivity and
sustainability) of biological management of soil ecosystems.
Based on working-group discussions, plenary sessions and
existing knowledge and experiences, this report lays the
foundations for the development of practical guidelines to
promote on-farm research and technology development in
integrated soil biological management. (WR)

Overestimating land degradation, underestimating
farmers in the Sahel by Mazzucato V., Niemeijer D. 2001. 22 p.
International Institute for Environment and Development (IIED), Drylands
Programme, 3 Endsleigh Street, London WC1H 0DD, UK /
drylands@iied.org (IIED issue paper no.101, ISSN 1357 9312).
This issue paper explores the evidence of land degradation in
Burkina Faso and questions whether local farming practices
are as unsustainable and environmentally destructive as many
reports suggest. The paper discusses and analyses the reasons
for land degradation in the region. This is followed by a
discussion of local land management practices and social
networks, and how they may contribute to sustainability and
productivity. The conclusion is that land degradation is often
overestimated because the abilities of local farmers are
underestimated. Farmers have developed flexible, efficient,
and effective land management strategies to deal with the
limited availability of labour and external inputs, as well as the
harsh environment in which they work. The challenge for
future assessments of degradation is to incorporate the effect
of farm management practices, including their social and
institutional dimensions on soil loss, yields and nutrient
budgets.(WR)

Response to land degradation by Bridges E.M., Hannam I.D.,
Oldeman L.R. [et al.] (eds.). 2001. 507 p. ISBN 1 57808 152 1 US$ 32.-.
Soil and Water Conservation Society of Thailand (SWCTS), Bangkok,
Thailand. Science Publishers, PO Box 699, Enfield, New Hampshire
03748, USA / www.scipub.net
This book provides a wide-ranging study of human responses
to the causes and effects of land degradation. The background
to the problem of land degradation is examined and the reasons
for it described, giving the reader a comprehensive picture of
the contemporary state of land resources. The driving forces
that cause land degradation and impacts they have upon the
environment are illustrated by case studies. Linking the two
parts of the book is a section concerned with the methods for
assessment and monitoring land degradation. The concluding
part of the book emphasises that technological solutions are
often not successful without appropriate economic, social,
legal and financial conditions.

The conservation and improvement of sloping land:
a manual of soil and water conservation and soil improvement on sloping
land. Vol. 2 practical application-soil improvement by Storey P.J. 2003.
262 p. ISBN 1 57808 250 1 US$ 56.-. Science Publishers Inc, PO Box 699,
Enfield, New Hampshire 03748, USA / www.scipub.net ; sales@scipub.net.
The author of these books is a practitioner who has realised
that most of his audience cannot afford a whole library of
books and written a comprehensive manual covering virtually
every aspect of this subject. It consists of three volumes and
this, the second volume, deals with practical aspects of soil
improvement. The wide practical experiences of the author,
together with his intention to write expressly for field workers
make this manual to an invaluable guide for rural development
workers faced with the basic problems of farmers in the
developing world. The book looks at the soil, how it develops,
what makes fertile soil and what spoils
soil. Topics covered in the book include
soil chemistry and plant nutrition, ways
of recognising and treating mineral
deficiencies, identifying when fertiliser
use is appropriate and improving soil
texture. All the well-known LEISA
technologies, such as zero tillage, the
use of mulch and green manure, cover
crops, crop rotation and inter-cropping
are described and explained.
Recommended. (WR)

Farmers’ initiatives in land husbandry: promising technologies
Optimizing soil moisture for plant production:
The significance of soil porosity 2003. 124 p + CD-ROM.
ISBN 92 5 104944 0 US$ 53.-. Food and Agriculture Organisation of the
United Nations (FAO), Viale delle Terme di Caracalla, 00100 Rome, Italy /
www.fao.org ; Publications-Sales@fao.org. (FAO Soils Bulletin No 79;
ISSN 0253-2050).
This publication discusses the processes, above, within and
below the soil, that enable water to move and crops to grow.
It contributes to raising awareness of possibilities for better use
of rainwater and improved management of soils and provides a
solid basis for sound, sustainable soil moisture management.
It is intended for extension staff, other technicians, and
farmers’ leaders. The document is made user-friendly through
the inclusion of a guide containing activities and exercises
described in non-technical language, and by interspersing the
text with illustrations and diagrams. The complete materials of
this guide are included on the CD-ROM. (WR)

LEISA MAGAZINE . DECEMBER 2003

for the drier areas of East Africa by Mutunga K., Critchley W. 2001. 108 p.
ISBN 9966 896 63 5. Regional Land Management Unit, (RELMA),
PO Box 63403, Nairobi, Kenya / relma@cgiar.org SIDA. (RELMA Technical
Report Series no. 27).
This book is a follow-up to the 1999 publication ‘Promoting
Farmer Innovation’ which looked at the methodology of
working with farmer innovators. ‘Farmers’ initiatives in land
husbandry’ lays out case studies of 18 of the most interesting
technical systems uncovered during three years of working
with such innovators in East Africa. There is an abundance of
illustrations and photographs. This is not just a technical
manual, but also describes the people behind the initiatives.
The methodology used to generate the data for the case studies
was developed by WOCAT. This document is the product of
collaboration between PFI, WOCAT and RELMA, which has
proved to be a fruitful partnership. The book is aimed
principally at field technicians and project managers in East
Africa, but it is hoped that it will prove relevant to a much
wider audience.
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WOCAT World Overview of Conservation
Approaches and Technologies
http://www.wocat.net/
WOCAT was established as a global network of
SWC (Soil and Water Conservation) specialists.
It facilitates more efficient use of existing knowhow and, consequently, of development funds.
It thus helps to optimise the implementation of
appropriate SWC and to avoid duplication of
effort. WOCAT’s mission is to provide tools for
SWC specialists to share their knowledge in soil
and water management. Tools that assist them in
their search for appropriate technologies and
approaches, and that support them in making
decisions in the field and at the planning level.
WOCAT facilitates information sharing.

Saline lands
Searching expertise in bio-saline technologies?
Check the website of the Bio-Saline Project:
http://www.undp-ausaid-biosaline.org/
This community development project in Pakistan,
coordinated by IWASRI (International
Waterlogging and Salinity Research Institute),
focuses on the utilisation of saline and
waterlogged land through growing salt and
waterlogging tolerant crops, trees, grasses and salt
bushes. Establishing a vegetative soil cover is the
first stage of soil reclamation. This vegetation (1)
provides a protective cover of the soil against the
harsh climatic conditions (2) allows the process of
organic matter build up to occur (3) permits a
more open soil structure development, and (4)
encourages increased water infiltration that aids
the removal of salts over time. Another option to
find bio-saline experts is the databank of Global
BioSaline Network managed by the International
Centre for BioSaline Agriculture (ICBA)
http://www.biosaline.org/About.htm

information. In addition to its core activities it works to bring development
orientated publishers together to discuss problems of associated with
identifying and meeting publication needs in the South.

Wageningen International Studies Papers (Wisp’r)
http://www.gcw.nl/wispr/new/w2003_26_05.htm
The increasing salinity of the soils in the Sahel has long been acknowledged
as a catastrophe for agriculture in the region. The cause of the problem is
often attributed to the relatively new irrigation systems, which are believed to
increase the amount of salt reaching the soil. Recent PhD graduate Piet van
Asten concludes that this is not the case. Salt accumulation has more to do
with the underlying bedrock, and decreased yields are more linked to a
shortage of nutrients in the soil.

Seeds of promise for farmers
http://www.iaea.or.at/worldatom/Press/Focus/Chernobyl-15/farm.shtml
Farming communities in Belarus and Ukraine suffered heavily from the
Chernobyl accident. Radioactive contamination of farm lands was
widespread, making it hard to sell crops and foodstuffs from the region.
Belarus scientists have found that some rapeseed varieties take up and store
radio-nuclides from the soil in their stalks and seed coats, but not in the
seeds. Growing this crop can improve the soil conditions and also yield
marketable rape oil.

ACT: African Conservation Tillage Network
http://ies.uz.ac.zw/act-network/index.html
The African Conservation Tillage Network (ACT) facilitates sharing of
information and experiences across sectors, disciplines and geographical
boundaries among players and stakeholders involved in promoting
adaptation and adoption of conservation farming principles and practices in
Africa. Information is available through subscribing to their Newsletter;
downloading leaflets; or through access to databases on conservation
agriculture technology and cover crops. The cover crop database runs on a
computer programme called LEXSYS (Legume Expert SYStem). This is a
downloadable, searchable, database of herbaceous legumes developed by
researchers in Africa, who are interested in integrating legumes into farming
systems. It contains 91 data fields for each variety and the database can be
searched using 47 different selection criteria.

Cover crops
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TRIOPS – Tropical Scientific Books
Distribution
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http://www.net-triops.de
If you are having difficulty in ordering books and
publications on development issues and want to be
sure your order is safely and efficiently dealt with,
you may like to try TRIOPS. A family firm,
established in Germany in 1789, it emerged as a
publisher and supplier of tropical and sub-tropical
scientific books before expanding its activities
into development-orientated literature. Today, it
offers comprehensive access to those seeking
information on all aspects of development,
including the technical, economic and social
aspects of agriculture, the environment, natural
resource management, trade and markets, as well
as information and communications technologies.
Its main customers are development agencies,
scientists, librarians, research worker,
development projects and booksellers. TRIOPS is
a wholesaler and a book store in one so it can
provide books at low wholesaler prices and give
you the individual service of a book store. Its
delivery service is cost effective and fast and it
uses latest technologies in answering requests for
bibliographies and other publication service

Information about cover crops is widely available on the Internet. A good
place to start is Worldwide Portal to Information on Soil Health
http://mulch.mannlib.cornell.edu/TSHomepage.html A portal developed and
co-ordinated by MOIST, and hosted by Cornell University (Ithaca, USA).
This portal offers, amongst other things, links to databases on plant species
including cover crops and to published information, including journals,
extension material, and on-line newsletters and bulletins. It also gives a list
of organisations working with cover crops:
http://mulch.mannlib.cornell.edu/TSOrganizations.html.

CIDICCO
http://cidicco.hn/newcidiccoenglish/
CIDICCO is a NGO which has the objective of identifying, documenting,
disseminating, researching and/or promoting research in the use of green
manures and cover crops for small-scale farmers. Their web site contains
several publications, including the bulletin “Cover Crops News”. CIDICCO
also manages the Cover Crops Network
http://cidicco.hn/newcidiccoenglish/information_network.htm.
This is an informal network for the exchange of information on green
manures/cover crops.

CIEPCA
The Center for Cover Crops Information and Seed Exchange in Africa
http://ppathw3.cals.cornell.edu/mba_project/CIEPCA/home.html
From 1998 to 2001, CIEPCA assisted researchers and development specialists
to develop, target, and test appropriate cover cropping systems in Africa.

Beginning in 2002, CIEPCA was reconfigured as a web-based information
centre on cover crops. It continues to provide access to on-line newsletters,
Africa-based extension material and the French language cover crops
electronic discussion group (EVECS-L). Extension materials on cover crops
and green manures for small scale farming in the tropics can to be found on:
http://ppathw3.cals.cornell.edu/mba_project/CIEPCA/exmats/exmat.html

Legume Research Network Project NEWSLETTERS
http://ppathw3.cals.cornell.edu/mba_project/ciepca/lrnpnews.html. The LRNP
Newsletter is published twice a year by KARI (Kenya Agricultural Research
Institute). In addition to reporting on network activities and coming events,
the Newsletter publishes short articles on legume research, with a focus on
research aimed at integrating legumes into smallholder agriculture.

IDRC
Cover crops for sustainable agriculture
http://www.idrc.ca/cover_crop/index_e.html.
This site contains research highlights on cover crops for sustainable
agriculture. It also provides access to books on cover crops which can be
downloaded free of charge.

A Communication and Natural Resource Management:
Experience/Theory
http://www.comminit.com/stfaocommnrm/sld-8149.html
This new resource is published by the FAO’s Communication for
Development Group in the Extension, Education and Communication Service
and was prepared as part of the Communication Initiative. It is designed to
serve as a learning tool and takes the reader through a series of exercises that
explore various theoretical approaches and field experiences in
communication applied to different development interventions and Natural
Resource Management (NRM) issues. The full text of the manual can be
downloaded from this site.

Vetiver Network
http://www.vetiver.org/
The Vetiver Network is a non-profit Foundation
with a mission to develop and disseminate
information on the use of Vetiver grass for
on-farm soil and water conservation, land
rehabilitation, embankment stabilisation,
disaster mitigation and pollution control.

SD Dimensions (FAO)
http://www.fao.org/sd/EXdirect/EXan0030.htm
Environmental Impact Assessment (EIA) training
for sustainable agriculture and rural development:
lessons and experience from Cambodia by Duffy P.
The EIA training, which is the subject of this
article, is meant to illustrate the importance of
developing human resources through non-formal
education and extension training, particularly in
the protection of natural resources important to
agriculture, fisheries and forestry. Environmental
training is a high priority in Cambodia at present
because it provides the knowledge, attitudes, and
skills needed by professionals, officials and
policy-makers to understand the complexities of
the environment and to avoid further degradation.

GORA
http://www.aginternetwork.org/
AGORA is a portal developed by FAO to give
access to agricultural scientific articles. It is aimed
at users in Less Developed Countries.

IFDC
Land Degradation and Development
http://www3.interscience.wiley.com/cgi-bin/jhome/6175
Land Degradation and Development is an international research journal that
seeks to promote rational study of the recognition, monitoring, control and
rehabilitation of degradation in terrestrial environments. The journal focuses
on the causes and effects of land degradation; the avoidance, mitigation and
control of land degradation and remedial actions designed to rehabilitate or
restore degraded land.

http://www.ifdc.org
IFDC is an international organisation, which aims
to increase agricultural productivity in a sustainable
manner through the development and transfer of
effective, environmentally sound plant nutrient
technology and agricultural marketing expertise.
The Centre’s facilities include libraries, pilot plant,
laboratories, greenhouses and training facilities.

Issue 20.3, September 2004
Post-harvest management

Taking better care and making better use of produce can
enhance both farm incomes and food availability in a costeffective way. It can also improve the quality and safety of the
products because it may limit the growth of fungi or damage by
insects, rats and the like. Good practices related to transport,
processing and storage form the basis for improved post
harvest management. Improved harvesting and packing

Readers are invited to contribute their practical experiences on
how proper post-harvest management of cereal grains, fruits,
vegetables, livestock products and other rural produce have led
to increased benefits for farmers. Experiences related to
efficient and low-cost ways of storage, processing and
transport are welcome.
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Traditionally, researchers, extensionists and policy makers
have given much emphasis to increasing crop and livestock
production in the field, in order to improve farm incomes and
food availability. Post-harvest handling and storage
arrangements have often been neglected and not received the
same level of attention. An astonishing amount of produce is
lost post harvest, due to deficient transport, processing and
storage techniques. It is estimated that worldwide post-harvest
losses of agricultural produce are around 30%.

techniques, and alternative means of transport may limit losses
during transport from the field to the farm or to the market.
Better and innovative methods of processing give the product a
longer shelf life, making it possible to consume it over an
extended period. Proper storage is very important if people
have to keep products for their own consumption or if they
have to keep seeds for the next crop cycle. In addition, postharvest storage may add value to produce when it is sold, as
market prices may be higher in certain periods.

Deadline for contributions is the 1st of June 2004.

You are invited to contribute to these issues with articles (about 800, 1600 or 2400 words + 2-3 illustrations and references),
suggest possible authors, and send us information about publications, training courses, meetings and websites. Editorial
support is provided. ILEIA offers to pay on request Euro 75.00 per article published in LEISA Magazine.
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Poor information
makes poor solutions
Degraded soils and low soil productivity are major constraints
on the food security and income levels of small-holder
farmers. Effective solutions require an integrated approach
that takes biological, chemical, physical, social and cultural
factors into account. It is, therefore, essential that stakeholders
- international and local - know what information is available
on the subject and have the capacity to use it to meet the
specific needs of small-holder farmers. This was the subject
of a recent Centre for Technical Development and Agriculture
(CTA ACP-EU) seminar, where researchers, policy makers,
communication specialists and representatives of NGOs and
farmers discussed how information on soil fertility
management could be more effectively used.
While much is known about soil and the technologies that can
increase its productivity, little has been done to consolidate and
make this information more accessible. There are many
reasons for this:
● The results of research often remain within the scientific
community and the experiences of farmer innovators remain
within the local community;
● Information is lost as a result of policy shifts,
re-organisations and staff changes;
● Skills and facilities to ensure systematic record keeping and
documentation are inadequate;
● Responsibilities for land, agriculture and environmental
issues are distributed between many different agencies and
ministries making it difficult to obtain an overview of work
done.
The seminar concluded that policy needs to be developed to
support good documentation and communication practices. It
is a matter of urgency to re-establish and strengthen the

position of extension agencies and agricultural informati
on services, which in many places have been undermined by
structural adjustment and liberalisation programmes. This
process has given international fertiliser companies a
disproportionate influence over farming practices in many
countries.
One speaker pointed out that “poor people make poor soils
and poor soils make poor people”. But poor mechanisms for
delivering and mediating information also mean that the poor
are excluded from access to information that might provide
effective and acceptable ways to increase soil productivity. The
reduced capacity of extension and agricultural information
services not only means that that small-holders’ needs are less
likely to be identified and researched but also that the media,
which has the ability to reach farmers in their own language,
has increasing difficulty in accessing information on
agricultural and environmental issues.
CTA and other information management agencies and
networks such as AFNET (African Network for Soil Biology
and Fertility), ILEIA (regional and global magazines), and
WOCAT/SOTER (an on-line biophysical information database)
are all involved in collating, analysing and exchanging
information on soil fertility and related issues. The conclusions
and recommendations of other seminar participants suggested
that priority should be given to improving the communication
skills of all stakeholders, especially at the national level. More
use should be also be made of local communication
professionals to stimulate the flow of information in ways that
will help farmers better understand local soil fertility problems
and the opportunities for adopting technologies that offer
appropriate solutions.
■

A full report of this seminar is available for CTA (ACP-EU),
P.O.Box 380, 6700 AJ Wageningen, The Netherlands.
www.cta.nl

Issue 20.2, June 2004
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The next generation farmers?
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Today rural communities are increasingly affected by external
influence and rapid change. These processes affect the economic
situation, change traditional cultures and particularly influence
the younger generation. Are the communities still able to
transmit the knowledge and values needed to build a livelihood
in agriculture? Or is agriculture and rural life under such
pressure that the older generation, perhaps even unconsciously,
encourages their children to look outside farming for a future
- even though this will deprive the community of one of its most
valuable resources, its young people.
This issue of the LEISA Magazine will look at the situation and
experiences of children and young people growing up in smallscale farming communities in the South. What livelihood
opportunities are available to the younger generation? Are they
prepared to make the best use of the natural and cultural
resources available to them? To what extend does society at
large, or formal institutions such as schools and community
organisations, help young people to develop the skills they need
to tackle the problems of living in, often resource poor and

marginalised, rural areas? Do farmer training schemes and other
development projects aimed at increasing the resilience and
productivity of small- scale agriculture address the needs of the
younger generation? Do boys and girls have different
opportunities and needs and are these differences addressed?
Young people have always played an important role in rural life:
they are strong, energetic and innovative. In the past they learned
about their environment and farming from working side by side
with the older members of the community. What are the options
today? What are the visions of young people themselves ? What
role do they play within their communities and what effect do
their initiatives have on the natural resources, productivity and
sustainability of the agricultural communities to which they
belong?
We are interested in receiving contributions that describe
initiatives and interventions that encourage and support rural
children who wish to stay in the rural areas and build their future
in these surroundings.
We would like to have your contributions by March 1, 2004.

You are invited to contribute to these issues with articles (about 800, 1600 or 2400 words + 2-3 illustrations and references),
suggest possible authors, and send us information about publications, training courses, meetings and websites. Editorial
support is provided. ILEIA offers to pay on request Euro 75.00 per article published in LEISA Magazine.

