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In the dry sub-humid savannas of SubSaharan Africa, it is surprising to realise
that despite the frequent occurrence
of water scarcity, in most years there is
more than enough water to potentially
produce a good crop. The problem is that
large volumes of water are lost through
surface runoff, soil evaporation and deep
percolation, because of a combination of
land mismanagement and the intensity
of tropical rainfall. In hot and dry tropical
climates conventional ploughing, where
the soil is turned, contributes strongly
to the rapid loss of organic matter,
compaction of soil and soil crust
formation. Conservation agriculture may
offer an opportunity to reverse this
development.
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Managing water together

Mona Dhamankar

Today, many villages in India are facing
severe water scarcity. Erratic rainfall and
poor soil and water management,
including relentless ground water
extraction has led to cycles of drought
and water scarcity. As a result, there is
renewed interest in rehabilitating the
small, traditional water harvesting and
irrigation systems that have existed in
India for centuries. This article describes
the efforts of a community and their
government to take ‘rehabilitation’
beyond technical interventions, to
include farmer participation and
coordination of the efforts of different
institutions.
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The semi-arid Gansu Province is one of the poorest
and driest areas in China. Droughts and dry spells are
extremely common in this mountainous area, where
people depend on rainfed subsistence agriculture.
Since the late 1980s, a project for supplying water for
domestic use and irrigation has been developed in
the area. A simple and affordable rainwater harvesting
system, combined with an integrated approach to
improving agricultural production, has improved the
lives of Gansu farmers.
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DEAR READERS
Water is an essential and precious resource upon which our ecosystems and agricultural
production depend. As population increases and urbanisation intensifies, the present
mismanagement of water together with the effects of climate change have caused many
to warn that we will soon have to come to terms with a global water crisis. For many
farmers, however, the water crisis is already a feature of daily life. Farmers and those
living in dry areas face water shortage daily as they try to meet their personal needs and
the needs of their agricultural systems. As soils and ecosystems in many parts of the
world continue to be degraded, water becomes an increasingly scarce resource.
In this issue, we try to illustrate principles that can help increase water efficiency and
make more water available for agricultural production. We also take a closer look at
some of the technologies available to small farmers. We have consciously left out many
of the important social issues surrounding water management, as we hope that many of
these will be highlighted in the September issue of LEISA, which deals with access to
and control over resources.
The Editors

Using every drop of water
Editorial

Water is an essential resource – it forms the basis for life on
earth. Water is also important for production, not only in
agriculture but also in many industrial processes. In addition, it
is used to remove waste products from cities and industries.
Growing populations, rapid urbanisation and increasing
industrial and agricultural production are combining to increase
pressure on this precious and finite resource. At the same time,
climate change is beginning to affect the global pattern of
rainfall, and will probably lead to even higher temperatures and
lower rainfall in tropical areas. Many warn that we are facing a
global water crisis. A number of international initiatives are
being developed to promote awareness and get water issues onto
the political agenda (see Networking p 35).

Most of the world’s farmers make their living from rainfed
agriculture, which is practiced on 80 percent of the arable land
worldwide. Approximately 40 percent of these farmers live in
water-scarce tropical landscapes, with highly unreliable rainfall
and high evaporation losses. Droughts are common, but even
more common are dry spells - short periods of water shortage
during the growing season of a crop that can cause yield
reduction or even crop failure. Despite these challenges, it is
clear that rainfed agriculture will have to contribute substantially
to the world’s future food needs.
Small-scale water solutions can help improve the lives of
smallholder farmers considerably. When they are introduced,
water harvesting systems are rarely used for only one purpose.
Farmers’ first priority is always to secure the supply of domestic
water (Bunch and Lopez p 11). Farm ponds, earth dams and subsurface tanks, even if originally designed for supplemental
irrigation of crops or full off-season irrigation of vegetables, will
generally also serve as source of drinking water and water for
livestock during periods of water scarcity (Duveskog et al p 22).
Water harvesting opens new livelihood options for resource poor
farmers in vulnerable environments. Subsistence farmers, who
invest in water harvesting systems with a storage component,
often diversify their farming system to include the production of
some cash crops, such as vegetables for the local market during
off-season periods when prices are high (Qiang and Yuanhong
p 14). This diversification increases the resilience of farm
households, as they are better equipped to cope with periods of
climatic hazards such as droughts and floods that can entirely
destroy their staple food crops.
Adding water to rainfed systems in water scarce regions can
help improve production where it is most needed. In this issue,
the examples of smallholder water harvesting practices show a
wide range of systems for water conservation including runoff
farming, stone bunds, terracing, micro basins, mulching, flood
water harvesting systems to reduce risks of erosive storm flows,
and storage systems for supplemental and full irrigation.

Nothing new
Water harvesting is nothing new. For thousands of years,
systems designed to increase the amount of water for crop
production have been used in the semi-arid and arid tropics. The
first water harvesting techniques are believed to have originated
in Iraq over 5000 years ago. Many civilisations have developed
water harvesting practices and for some, they have been the
basis for their survival.
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A girl waters her family's garden (Mozambique).
Photo: FAO/M.T.Palazzolo.
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As water is increasingly needed for so many different purposes,
the huge proportion of water required for agricultural production
is increasingly challenged. During the Green Revolution,
heavily subsidised water-intensive technologies were promoted
to support modernised agriculture, including large-scale
groundwater development and the introduction of modern
irrigation techniques and pumping technology.
Looking back on 50 years experience with these approaches to
water management, it is possible to see that in many parts of the
world not only have they had negative environmental impacts,
but they have led to an erosion of knowledge about other more
appropriate and sustainable systems of water management.

With the promotion of modern agricultural practices,
conventional irrigation and pump technology, traditional
technologies have gradually been abandoned. Much traditional
knowledge has been lost. Recently, farmers and development
agencies have started to pay more attention to traditional
technologies and how they can contribute to modern water
harvesting projects (Oweis and Hachum, p 26).

Catching water where it falls
In water-scarce farming systems, erratic rainfall cause droughts
and dry spells. The only way to manage these successfully is to
make sure that the rain that does fall is efficiently stored in the
soil, or to collect runoff for productive use. In many areas, even
where water is scarce, there is enough available to produce a
good crop, provided the water is used efficiently (Mwalley and
Rockström, p 8).

In order to be productive, water needs to get to the roots of the
crop. This can be achieved by “catching” the water where it falls
and making sure it infiltrates into the soil, through simple
mechanisms such as earth banks, bunds, contour terracing or
swales (Duveskog et al p 22,Yaholnitsky p 24, Oweis and
Hachum p 26).

Market garden under drip irrigation. BBCDC, Lesotho, 2000.
Photo: BBCDC.

Collecting and storing rainwater is a simple and effective way to
make water available. It is wiser to collect runoff flow as close
as possible to where the rainfall falls, instead of letting it flow
– often in an erosive journey – downhill and then lifting it back
up again. Rainwater for irrigation does not need to be as clean as
water for domestic uses and can be collected from all kinds of
catchments including roofs, roads, and fields. Storage systems
vary and many are described in this issue (for example Qiang
and Yuanhong p 14, Shone p 17, Bunch and Lopez p 11,
Dhamankar p 18, Oweis and Hachum p 26).

Improving yields
Water harvesting has tended to be promoted as an isolated
technique of improved water management. In water-scarce
tropical agro-ecosystems, however, water is not necessarily the
most limiting factor for improved crop yields: soil fertility is
often just as limiting. Almost all articles in this issue clearly show
that optimal yields cannot be achieved by simply supplying more
water to a crop. Combining water harvesting with other
methodologies for improved water and soil management can
have a synergy effect with large added value to the farming
systems. Therefore, successful water harvesting practices should
involve an integrated approach to soil and water management.

In hot tropical climates, huge amounts of water are lost to
evaporation (50 to 80 percent of rainfall). Integrating various
types of mulch management in water harvesting systems can help
to reduce evaporation, as shown by Bunch and Lopez (p 11).

Issues of scale
Water harvesting can be done at field level or at the level of
larger catchment areas. Small-scale, local innovations do not
need to remain isolated incidents. Duveskog et al (p 22) describe

At the larger scale, runoff water is often seen as a nuisance to be
removed, for example through cut-off drains and culverts. Instead,
such runoff can be carefully managed to contribute to production.
Even small-scale structures can help improve water management
throughout the wider ecosystem. For example, in tropical areas
with steep slopes where intensive rainfall generates storm floods,
small-scale water harvesting structures can be effectively used to
slow down surface runoff and let it infiltrate to recharge
groundwater. This not only conserves soil, it also generates a
lasting water supply for wells downstream (Lo p 29).
Water harvesting systems often operate on a scale beyond the
farm. As soon as water harvesting systems include the diversion
of runoff flow from gullies or the storage of water in small dams
for gravity fed supplemental irrigation, skills are required to
design the systems in an appropriate way (Verweij p 21). There is
still very limited human capacity among service-providing
institutions, such as extension services, to promote and assist
farmers in adopting water harvesting systems that operate
beyond farm level. There is still a considerable need still to train
trainers in design and sustainable promotion of water harvesting
systems.

Social issues and water management
Small micro systems can be fully contained within one
household and within the farm. If the catchment area, the
storage and the water utilisation all take place within the farm,
the system is directly controlled and managed by the farmer.
When moving to larger systems, such as rainwater harvesting on
communal areas or dam building, the issue of access and rights
to the water becomes important. Larger systems require a social
organisation that is able to regulate the use of the water
efficiently and equitably to the participating households, and
that can ensure that all members carry out their responsibilities
relating to maintenance and management. To further complicate
matters, local organisations and communities will often come
into contact with government regulations and institutions if they
try to utilise public resources. There are also issues of
conflicting interest between upstream and down stream water
users, as well as competing interests between agriculture and
water use for other purposes.
In this edition of LEISA Magazine, we have not dealt with these
issues, but have focussed on techniques and basic ideas that can
be of help to the individual farmer. In the following LEISA
Magazine we will take a closer look at the complicated issues of
access to and control over land and natural resources.
■
References:
- LEISA Newsletter 16.1, March 2000. Communities combating desertification.
- LEISA Newsletter 14.1, July 1998. Challenging water scarcity.
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Conservation Agriculture (also known as Conservation Farming
or Conservation Tillage) practices, through minimum
disturbance of the soil and the addition of organic matter from
cover crops and mulch, improve soil biology and structure,
allowing plants to use water more efficiently (Benites and
Castellanos p 6). In participatory trials with Conservation
Farming practices for smallholder farmers in Tanzania, crop
yields of maize more than doubled when Conservation Farming
practices to increase rain infiltration into the soil were combined
with soil fertility management (Mwalley and Rockström p 8).

the experiences of three farmer innovators in Kenya who have
been identified as part of a programme to share the experiences
of farmer innovators through Farmer Field Schools.
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Improving soil moisture with
conservation agriculture
José Benites and Antonio Castellanos

Irregular or insufficient rainfall can be a serious limitation to
agricultural production, causing low yields and even crop
failure. This is particularly true in drylands, where productivity
levels are generally very low. In most cases, a great deal can be
done to improve the efficiency of rainwater use. Conservation
Agriculture is one way of improving soil moisture management.

Soil moisture management
A significant cause of low production and crop failure in rainfed
agriculture is lack of water in the soil. This is caused by a
combination of low and erratic rainfall, and poor utilisation of
the water that is available. Soil moisture management is,
therefore, a key factor when trying to enhance agricultural
production.
Increasing the amount of water stored in the soil can result in:
• Improved yields (if there are also enough nutrients)
• Reduced risk of yield losses due to drought
• Recharge of groundwater, securing the water level in wells
and the continuity of river and stream flows.
As little can be done to increase the amount of rainfall or the
number of rainfall events, we should focus on improving
the capture of rainfall, the availability of water in the soil and
water use efficiency in rainfed agricultural lands. This means
that the amount of water that enters the soil (infiltration) must
be increased and that the moisture lost through runoff and
evaporation must be reduced. Increasing soil cover and better
soil management can help achieve this. Soil should be disturbed
as little as possible, there should be permanent soil cover and the
amount of organic matter should be increased.

A thin surface crust caused by raindrop impact on a bare soil with poor
structure. Photo: T.F. Shaxson.

of the soil. When most people think about soil, they think about
the solid part. But the pore spaces or the structure of the soil are
just as important.
Soils differ in their capacity to hold water and make it available
to crops. This depends on:
• Soil texture (the proportions of sand, silt and clay)
• Soil depth (shallow soils hold less water than deep soils)
• Soil structure (pore spaces)
• Organic matter content (more organic matter means more
water is held)
• Biological activity (earthworm holes, for example, greatly
increase the possibility for water to enter the soil).

Pore spaces
The number, size and connections between pore spaces play a
crucial role in determining the amount of water that can
infiltrate into the soil, and the amount of water that the soil can
absorb, hold and supply back to plants.
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It is important to have many interconnected pores of a wide
range of sizes, particularly at the soil surface. This improves
infiltration, reduces runoff and benefits crop growth.
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Sub-surface compaction by continuing tillage has resulted in structural
degradation and runoff. Photo: T.F. Shaxson.

The number, size and connections between soil pores vary
according to the type of soil and the way it is managed. Little
can be done about the type of soil, but good land management
can have a great impact on restoring, improving and protecting
soil porosity. This in turn will increase available soil water
content, and the interconnected pores will minimise any
potential risk of waterlogging.

Crop water stress
Treasure hunting in drylands
When rain falls on the soil surface, part of it will infiltrate into
the soil to replenish soil water or flow through to recharge the
groundwater. Another part will run off as overland flow, and the
remainder will evaporate directly from unprotected soil surfaces
and from plant leaves.
The amount of water that can be held in the soil and made
available for crop use is not only determined by the amount of
rain that falls, but also by the chemical and physical properties

Crop water stress develops when the plant cannot extract water
from the soil through its roots as fast as it loses moisture from
the surfaces of its leaves. To ensure that the crops will be able to
utilise the available rainfall, we must understand the causes of
poor soil structure, at the surface as well as below the surface.
At the soil surface, the impact of raindrops on a bare soil surface
can decrease porosity through the formation of surface seals and
crusts. These limit the rate of infiltration, leading to increased
runoff. Runoff is responsible for soil erosion and peak-river
flows. However, it is a consequence of soil degradation, not a

primary cause. Physical structures like contour banks do slow
down runoff and protect the soil from erosion, but do not
resolve the problem of soil degradation as they do not increase
the porosity of soils.

to increased water penetration, increased water holding capacity
and more water being available for crop use, to deeper soil depths.
Crop rotation also enhances biological diversity and helps reduce
the risk of pest or disease outbreaks.

Any traffic in the field, such as machinery, ploughing, or the
impact of human feet or animal hooves, can put pressure on the
sub-soil, especially when the soil is in a moist condition.
Pressure destroys pore spaces, in particular the interconnected
pore space. The soil becomes compacted and water infiltration
and storage capacity is reduced. Plant roots have difficulty in
penetrating compacted soil and their root systems do not
develop well.

Monitoring soil moisture

Tillage, in particular turning over the soil by ploughing, can also
lead to a decline in soil fertility. It decreases organic matter
content and has a negative effect on soil biological activity, for
example by destroying the burrows of earthworms.

The role of Conservation Agriculture
The four basic principles of Conservation Agriculture can help
achieve and maintain an absorptive and biologically rich soil.
These four principles are:

We cannot know in advance how much rain will fall during the
growing season. It is possible, however, to find out how much
plant-available soil water is present before sowing the crop.
Knowing how much plant-available water is present in the soil
can help in making a wise decision about which crop to plant.
Measurements of soil water content can be made with a variety
of equipment but most farmers will have to make an estimation
based on the feel and appearance of their soil. This will vary
with soil texture and moisture content, but with experience soil
moisture can be estimated to an accuracy of about five percent.
Alternatively, a soil moisture probe can be used to determine
the amount of water that is available for plants. This is estimated
from the depth of insertion of the probe. Again, it has to be
interpreted with knowledge of the soil texture.

Maintaining permanent soil cover
Permanent soil cover, either plant residues or growing crops,
protects the soil surface from the negative effect of raindrop
impacts. It reduces crust formation and susceptibility to erosion,
and enhances porosity on the soil surface. It also reduces direct
water loss through evaporation from the upper layers of the soil
and establishes better conditions. It also maintains a continuous
food supply for soil organisms – from microbes to earthworms.
Minimising mechanical soil disturbance
Reducing or stopping tillage means that the soil is not disturbed
and that the moisture loss and soil compaction that follows
tillage is avoided. This increases the infiltration and percolation
of water through the soil, leading to better root development and
crop growth. Decomposition of organic matter and subsequent
loss to the atmosphere is also reduced. Sometimes a once-only
de-compaction is required to bring the soil back into a better
starting condition. One of the most important impacts of
minimising soil disturbance is that it improves the living
conditions of beneficial organisms and so enhances their
activity. Crop roots and soil organisms are responsible for the
creation of a network of interconnected pores. These organisms
undertake biological tillage and improve soil structure. In
addition, biological activity ensures that crop residues are
incorporated into the soil.

Crop rotation
The use of crop rotation and cover crops helps to increase soil
organic matter, reduce erosion and bring biological diversity back
to the soil. The rotation of different crops, with their different root
systems, optimises the network of root channels in the soil, leading

Conclusion
The four basic principles of Conservation Agriculture work
together to create a soil that has a greater capacity to absorb
rainwater. Although there is no single recipe to suit all conditions,
Conservation Agriculture improves the physical and biological
condition of the soil. A soil that is porous, absorptive, and rich in
organic matter and biological activity is able to support maximum
crop production for every drop of water it receives.
■
José R. Benites and Antonio Castellanos. Food and Agriculture Organisation
of the United Nations (FAO), Viale delle Terme di Caracalla, 00100 Rome, Italy.
Email: Jose.Benites@fao.org; Antonio.Castellanos@fao.org.
Website http://www.fao.org/landandwater.
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Controlling in-field traffic
It is vital to ensure that in-field traffic follows permanent tracks.
In this way soil compaction is restricted to defined areas, year
after year. When this is combined with zero or reduced tillage,
the rest of the field is free of compaction. Soil porosity and
water infiltration are maximised, earthworms and other soil
animals prosper and organic matter is not lost but becomes
closely bound and integrated with the soil. The overall impact is
a productive soil system, able to carry crops through dry
conditions because of the enhanced soil water store, the deep
rooting of the crops, the biological activity and the high content
of organic matter.

Different rates of infiltration under zero tillage (left) and conventional
tillage (right). Photo: Bruce Radford.
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Soil management in semi-arid savannas
Joseph Mwalley and Johan Rockström

In Sub-Saharan Africa, 40 percent of the farmland is located in
semi-arid and dry sub-humid savannas. These areas are
characterised by extreme rainfall variability and high intensity
rainstorms. Rainfall ranges from 400 – 900 mm and is
concentrated in short 3 – 4 month rainy seasons, when all the
crops are grown. It is in these farming systems that most
resource poor farmers make their living, and it is here water
harvesting can make the largest contribution to livelihood
improvements.
Surprisingly, despite the frequent occurrence of water scarcity,
in most years there is more than enough water to potentially
produce a good crop. The problem is that large volumes of water
are lost through surface runoff, soil evaporation and deep
percolation, because of a combination of land mismanagement
and the intensity of tropical rainfall. On average, 70 – 85 percent
of rainfall leaves the farmer’s field without contributing to crop
growth. In hot and dry tropical climates conventional ploughing,
where the soil is turned, contributes strongly to the rapid loss of
organic matter, compaction of soil and soil crust formation.
Conservation Farming, also known as Conservation Agriculture
or Conservation Tillage, may offer an opportunity to reverse this
development. This article presents experiences from farmerdriven trials with conservation agriculture techniques in
Tanzania.
Minimum or no-till farming systems have now been adopted on
a large scale by farmers in Latin America, North America and
parts of Asia. These farming systems rely strongly on organic
mulch to help maintain infiltration and water holding capacities.
This requires an environment that can support considerable
biomass growth. In semi-arid savannas, the biomass to secure
year-round mulching is simply not available. In these areas,
therefore, Conservation Farming takes a different approach. The
goal is still to minimise the disturbance of the soil but instead of
applying minimum or zero tillage, farmers use rippers and subsoilers to open parts of the soil for rainfall infiltration.
Conservation Farming in this context is a water harvesting
system that integrates soil improvement and water conservation.

Farmers were then introduced to the principles of Conservation
Farming. New implements were demonstrated, including
an animal drawn ripper (see Figure 1) and a sub-soiler.
Conservation Farming was explained and discussed with the
farmers, addressing the impacts of Conservation Farming on
timing of operations, weeding, fertility management, mulching,
cover crops, pest management, harvest and post- harvest
management.
The farmers wanted proof that this new farming practice really
worked. As a result, the farmers designed a number of
Conservation Farming production systems for testing. On-farm
experimental plots were set up on 8 – 10 farms, testing three
major production systems: (1) Conservation Farming based on
animal drawn ripping, using a sub-soiler only the first year on
seriously degraded soil; (2) Conservation Farming based on a
manual system using hand hoes to dig small planting pits; and
(3) conventional animal-drawn mouldboard ploughing (farmers’
usual practice).

Figure 1: The animal-drawn Magoye Ripper, attached to the normal
plough frame used by farmers.
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Farmer-driven technology adaptation

8

In north-western Tanzania, on the semi-arid savannas of Arusha,
Arumeru and Babati districts, decades of ploughing have
resulted in severe land degradation and in places even the
desertification of previously fertile land. Commercial farmers in
the region have adopted Conservation Farming practices over
the last decade, abandoning disc ploughing in favour of tractor
drawn chisel ploughs, in order to harvest water and to save
on diesel costs. However, no affordable conservation tillage
options have been available to smallholder farmers. In 1998,
the Soil Conservation and Agroforestry Pilot Programme
Arusha (SCAPA) established a farmer-extension partnership
to introduce, adapt and build capacity on simple low-cost
Conservation Farming practices.
Initially, farmers were highly sceptical. Abandoning the plough,
the very foundation of farming, was a completely alien idea
that seemed very drastic. However, due to the agrarian crisis
facing farmers in the area, they were very receptive to new
ideas. Sessions were held with farmers to discuss water flow in
agriculture and the causes of runoff, with a particular emphasis
on the effects of soil compaction and organic matter depletion
due to ploughing and removal of crop residue.

Farmers were very keen on knowing the effect of improved
water harvesting through the change in tillage practices, and also
the effect of combining water harvesting with soil fertility
management, where Conservation Farming enables better spot
application of manure and fertilisers along the planting furrows
created by the ripper. To do this the farmers decided to test each
tillage system (conventional ploughing and Conservation
Farming practices) both with and without fertiliser application.
In order to investigate the effects of a cover crop, a Conservation
Farming with Dolicos lablab trial was added to the experiment.
This is a favourite cover crop with farmers and the beans are
sold on the markets in Arusha. On the Conservation Farming
demonstration farms, rainfall was monitored by the women
participating in the trials and labour needs were documented.
Because ripping requires less draught animal power, it enables
land preparation before the onset of the rains – a critical
opportunity in semi-arid regions where 25 percent of a season’s
rain may fall during the first few rainstorms. Therefore, all the
Conservation Farming systems were dry planted. Manure and
locally manufactured rock phosphate was applied in the

permanently ripped planting lines. Low amounts of nitrogen
fertiliser (30 kg N/ha) were applied twice: once before planting
and again as a top dressing 4 – 5 weeks after the crop emerged.

that soil evaporation has also been reduced as a result of a more
vigorous crop cover.

Gender sensitive
Weeding is a major concern in Conservation Farming systems,
in particular during the first years. Without ploughing to
suppress the weeds, weed control posed a dilemma for farmers.
Weed control was discussed at length, and finally it was agreed
that the favoured solution was to add an additional third weeding
late in the season in order to avoid weed seeds falling onto the
soil. Farmers did not consider using herbicides, which are seen
as too expensive.

Yields and water productivity increases
Each season yield results were discussed and analysed with the
farmers. Yields were expressed in the number of 90 kg bags
produced per acre, which is the yield measure best understood
by the farmers in the area. Experiences were shared and
adaptations made to the trials. The farmer’s conventional
practice (ploughing only) resulted in an average yield of 1.6 t/ha,
which is actually a higher yield than the 1 t/ha generally
experienced in the region by smallholder farmers. Water
harvesting alone – where the plough is abandoned in favour
of ripping without soil nutrient management – resulted in a
60 percent yield increase to an average of 2.5 t/ha. Interestingly
though, water harvesting alone did not give the strongest
yield increase, and it was only when soil fertility management
was combined with water harvesting that the full effect of
Conservation Farming adoption was experienced, with a
240 percent yield increase to an average of 3.9 t/ha. Farmers
were very excited about the synergy effect between water and
nutrient management. The importance of both factors was
clearly shown by the fact that addressing soil fertility alone
– ploughing with fertility management – resulted in a roughly
similar yield level (2.8 t/ha) to that obtained with water
harvesting alone (2.5 t/ha).
Manual pitting resulted in approximately the same average yield
as the animal drawn system (3.5 t/ha). To farmers, this was the
preferred system. The reason is that manual pitting is cheap,
does not require oxen or new implements, and above all gives
the farmer full control over the use of precious inputs such as
seed, manure and fertilisers, as these can be placed carefully at
perfect depth in each planting pit. Farmers agreed though, that
the pitting system was very labour intensive compared to the
ripping. Ripping saved on average 50 percent of the labour
needs compared to conventional ploughing.

More crop per drop

The rainwater harvesting effect of Conservation Farming can be
quantified by estimating the amount of crop produced per drop
of water. Only 2.6 kg of grain is produced per mm of rainfall in
the current farming system, based on ploughing and poor soil
fertility management, compared to 7.4 kg/mm of rainfall for the
Conservation Farming system. This indicates that the crop’s
capacity to take up water from the soil has increased. It is likely

Now women farmers can borrow oxen during the dry season,
and prepare the land well before the onset of the rains. Dry
planting of seed will give the crop an important head start,
which may mean the difference between total crop failure and
getting a harvest. As the number of female-headed households is
increasing rapidly due to the HIV pandemic, this is a significant
improvement in farming practices.

Conservation Farming enables planting well ahead of rains and high
rainfall infiltration. This is illustrated here by a well-established maize
crop under CF practices (to the left) and a late planted conventionally
ploughed maize (to the right). Photo: Johan Rockstrom.

Sustainability
The Tanzanian cases presented above show that Conservation
Farming is a very important water harvesting strategy in efforts
to upgrade semi-arid rain fed farming systems. Similar
experiences have been recorded in Kenya and in Zambia. Tractor
driven sub-soiling among smallholder farmers in the
neighbouring Babati district, south of Arusha, has also shown a
progressive increase in yield levels and improved rainwater
harvesting over the last decade.
The long-term challenge is to build up soil quality through wise
tillage combined with the proper management of cover crops
and mulching. At present farmers in the semi-arid savannas of
sub-Saharan Africa have great difficulties in securing a mulch
cover, due to the combined effect of high competition for crop
residues, free post-harvest grazing and the use of residues for
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It is clear to the farmers that the primary benefit of Conservation
Farming as it is practiced among the pilot farmers in Tanzania,
comes from the increased amount of water that reaches the root
zone of the crop. Farmers claim that no surface runoff is
observed from properly ripped fields, while even in terraced
fields (all trials were conducted on fields with good soil
conservation measures in place), runoff occurs on ploughed soil.
For the farmers Conservation Farming has become the answer to
the common concern of “what to do between the terraces” since
they experience that despite successful adoption of soil
conservation measure, there has been little impact on yields.

Improving crop yields and the amount of crop per drop of water
is important, but one of the most essential benefits of
Conservation Farming is improved timing of operations and the
savings in labour achieved. Ripping is only done along
permanent planting lines. The 80 cm space in-between the rows
is left undisturbed. This translates into a large reduction in the
amount of traction needed. Ripping also enables off-season land
preparation. The present practice is that farmers wait until the
soil is moist before ploughing. This means that essentially all
water from the initial rainfall events are lost through
evaporation, and that ploughing is done on wet soil, which
increases the problem of compaction. Also, this practice hits
hard on poverty stricken female-headed households as these
farmers do not have their own oxen but rely on neighbours for
ploughing. Ploughing is carried out after the owner of the oxen
has finished ploughing, which may already be late. The crops of
these woman farmers, therefore, have a very late start. Ripping
changes things entirely.
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Ripping/planting

Ploughpan

Figure 2: Oxen carrying out ripping.
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fuel and construction, low inherent biomass growth, long dry
seasons, up to 8 months with no rains, and high termite activity.
Still, it is absolutely necessary to try to incorporate a (preferably
leguminous) cover crop into the system in order to secure a
progressive build-up of soil properties. The mulch is also the key
to suppressing weeds and conserving moisture. Weed infestation
is one of the major concerns raised by farmers. Animal drawn
cultivators have been introduced for weeding and work well but
are expensive to buy. So far, it seems clear that persistent
weeding during the first 3 – 4 years will be necessary in order to
progressively reduce weed infestation.
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Conservation Farming is much more than just a change of
implements. Abandoning the plough changes every component
of the farming system. This is why a systems approach is
required where all aspects of water, soil, and crop are addressed.
Farmers and extension workers need capacity building in order
to deal with the implications of a full shift from present ploughbased farming to Conservation Farming. Particular emphasis
should be given to training women as most of the critical
management aspects of successful Conservation Farming
concerns timing, weeding, soil fertility management and the
post-harvest management of residue – tasks mostly performed
by women. Tillage is important, but a relatively small step.
However, it should be noted that a serious effort is needed to
train oxen to walk in straight lines during ripping. Ripping is
done with a wider yoke than ordinary ploughing in order to
secure a line spacing of 75 – 80 cm, which means that oxen do
not have a furrow to follow or a neighbour ox to lean on.
Rippers and sub-soilers are new implements that are not readily
available on the market. Resource poor farmers need access to
not only good quality implements but also affordable ones. This
is a major bottleneck at present, even though there are good
signs of progress.

In Kenya local Jua-Kali implement manufacturers have been
trained to produce local Conservation Farming equipment. In
Tanzania and Zambia there are several workshops producing
implements for commercial purposes. In both Kenya and
Uganda, the Food and Agriculture Organisation of the United
Nations (FAO) has recently supported two Technical
Cooperation Projects to promote manufacturing and to
encourage Conservation Farming practices. These are promising
developments, which may turn out to be the initial steps in an
agricultural revolution for smallholder farmers in Sub-Saharan
Africa, and perhaps a major water harvesting development in
drought prone savannas.
■
Joseph Mwalley. Department of Agriculture, Mechanisation Unit, PO Box 3163,
Arusha, Tanzania.
Johan Rockström. WaterNet, University of Zimbabwe, PO Box MP 600, Harare,
Zimbabwe. Email: rockstrom@eng.uz.ac.zw
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What we have learned
Roland Bunch and Gabino Lopez

This article looks back on seven years of action-research with
small farmers by COSECHA, a Honduran NGO (see LEISA
Newsletter Vol 16.1 p 22). The purpose of this research was to
develop water management technologies that could be adopted
by individual farmers cultivating one hectare or less.
We decided on this goal in part because a lot of research has
been done on larger, multi-family systems, but there seemed to
be a lack of research on technologies that an individual family
can adopt spontaneously. We limited ourselves to technologies
that cost less than US$50.00/technology/farmer, and have
worked hard to lower costs even further. Our work has been
carried out in the hillside environment where most Honduran
small-scale farmers live.
The technologies described here are not necessarily in their
final form. We hope that all of them can, in time, be modified so
they work better and cost less. They are already very popular
with farmers and we welcome any experiences or suggestions
that people might have to improve them.

Farmers can even use water sources that have so little water that
they do not flow, but simply drip or ooze. If the farmer has a
microtank and an appreciable amount of water collects over a
period of time, this is also a useful source. In one Honduran
example, there are five families that get all their domestic water
from a “spring” where the water barely oozes out of the soil.
Access to different water sources can be important. In
Honduras, farmers have lost interest in making microtanks
where they can only fill the tanks with harvested rainwater.
However, they remain very enthusiastic about microtanks where
they also have access to some other source of water. This is
because a microtank that is only fed by rainwater will only fill
up and be used two or three times during the year. Farmers who
have a more constant source of water and can keep their
microtank filled throughout the year may well fill the tank and
empty it again every three days, using as many as 100 tankfuls
each year. Thus, farmers with an additional source of water will
find it easier to repay their initial investment in the tank.

Priorities
During our years of research, we have learnt some valuable
lessons about people’s priorities for water use. At first, we
thought that people used the water they managed mainly for
their grain crops. How wrong we were! In fact, the first
priorities are domestic: water to drink, wash and bathe. Then
comes their animals and water for irrigating perennial home
gardens, and more valuable crops, such as fruit orchards or
commercial vegetables. Only then do they use water to irrigate
their basic grain and root crops.
Looking at this list, we can understand why women are so
interested in water. It also helps us understand why the first
micro-tank built for any family can best be located near their
home. In the Latin American context, we have found that of all
the work we have done in agricultural development, it is our
work with water that has attracted the attention of women the
most. Women are interested in water for domestic use and to
water their animals and irrigate their home garden. These
activities are usually their responsibility. Of course, women are
also concerned that there are enough vegetables and crops for
subsistence despite irregular rainfall. However, in most Latin
American countries, the production of basic grains is not their
direct responsibility, and they are happy to keep it that way.

Sources of water
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There are far more sources of water than most people think.
We have gradually realised that many sources we previously
thought useless have turned out to be very valuable. As we
learned how to recycle household water, and as we have
developed pumps that are less expensive, we have come to
realise that twice as many people in the area have access to
water sources than we originally thought.
One of the most important lessons we have learned is that
almost any water source, no matter how seemingly
insignificant, may become very useful. For instance, many
water sources that flow only during the rainy season may be all
a farmer needs, if the primary purpose of the water is to save
crops from unexpected droughts during the rainy season.
Lining the microtank, Sabannah Grande. Photo: Anita Ingevall.
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Reusing household water
With local materials and less than a day’s labour, a farmer can make a small,
soil-surface filter that will make grey water (carrying dirt and soap) safe for
crops. A normal 5-member family produces about one oil drum per day of
soapy water. Filtered, this water will usually mean a good piece of land near the
house can become useful again. With this much water, a woman can often
increase the size of her perennial home garden by 50 or even 100 percent,
and perhaps grow enough vegetables for the family throughout the year.
To build a filter, one needs only river sand, gravel, used firewood and some
old pieces of used plastic (or a bag of cement). The filter is made by digging
about 50cm into the soil. It can be lined with cement, but a cheaper
approach is to line it with several layers of old, used plastic bags. Equal
amounts of first gravel, then river sand, and pieces of burnt firewood from
the kitchen are then placed in the filter. The firewood acts as a charcoal filter
and must be replaced about once every six months, depending on the size of
the filter and the amount of water going through it. From the filter, the water
should go to some sort of storage unit, although this might be quite small
(about one cubic metre) if the filter is the only source of water for the tank.

Farmers particularly appreciate water harvesting when they also
have another source that, for instance, requires a hand pump. In
this case, the microtank is filled most of the time by pumping
water, but farmers are very happy to have the rains fill up the
microtank whenever possible.

Transporting water
In most cases, water is not directly available in the place where it
is needed, but has to be transported from the source to the
household or the field. This is often very resource demanding
and can be a major constraint to increased water use.

Pumps are often needed to get water uphill from the source.
Although we worked with “washer pumps” for several years, we
recently learned of a pump that could be made with a small
amount of PVC pipe and a few plastic and metal fittings that are
available in most hardware stores, plus two marbles. It is a simple
suction pump much like those on top of spring water bottles, but
much more durable. It is simple enough for nearly any farmer to
make. The total cost of the materials for a pump is about US$40,
and it is capable of lifting water 30 vertical metres.
This pump has become extremely popular among farmers who
have water sources just below their farm plots. It takes a good
deal of effort to pump the water, but most farmers are still thrilled
to be able to make such a pump. For those who can afford a more
efficient system, we are presently working to fit two such pumps
to a treadle, so that a farmer can use his or her legs, thereby
pumping twice as much water for a longer period of time. With
such a system, we estimate that one person could lift enough
water to irrigate a half-hectare of land some 25 vertical metres.
The pumps can be used to lift water from storage tanks, from
rivers and streams, and from springs. They are not only easy to
make, but very light, so they can be carried home each evening,
in order to avoid theft. One of them is enough to allow one
person to water a large vegetable garden (20 by 30 metres), or
about fifty trees.

Storing water
Storage is the heart of any water system. Unfortunately, it often
represents the most costly part of the system. It has become
increasingly clear that by far the most efficient way of ensuring
that our crops have sufficient water is to store rainwater in the
soil itself. It is far cheaper to double or triple the infiltration of
water into the soil, thereby almost doubling the water-holding
capacity of the soil, than it is even to build a medium-sized
microtank. How? Basically, by increasing the organic matter
content of the soil.
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Traditionally, water is either carried in containers or transported
from the source to a storage tank in ditches. A simple
polyurethane hose can replace the ditches. It is usually much
less expensive, and is also preferable because it is easy to use
and can follow the topography of the land more easily, for
example, dropping a certain vertical distance and then climbing
the same distance. All of the farmers in the Sabana Grande area
choose to use a hose rather than a ditch. The hose also loses less
water along the way, it does not deform the land it passes, and it

can be moved easily from one place to another. If the hose is
buried, it is more difficult for people along the way to steal
water. However, the hose is also more vulnerable to vandalism
than a ditch.
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Microtank in use during the dry season. Photo: Anita Ingevall.

The impact of even a fairly small amount of organic matter in
the soil is often greatly underestimated. Research in Southern
Africa, for instance, showed that contour hedgerows halved the
amount of water flowing down a hillside during rainstorms even
before they started having a terracing effect. The main reason for
this was the large quantity of organic matter that had fallen
under the hedgerows, making that strip of soil much more
porous and thereby increasing the infiltration rate under the
hedgerows dramatically. Thus, our first line of defence against
drought must be green manure/cover crops, intercropping,
agroforestry practices, and anything else that will increase the
organic matter content of our soils.

at regular intervals. One side of the hose holds the screw tightly
in place, while the other side is only partially penetrated by the
screw, allowing the water to leak out. This allows farmers to take
the screw out when the hole is plugged up by water-borne
impurities, and adjust the screw to regulate the flow of water out
of the hole. Because it uses an ordinary hose, this system is less
than half as expensive as any other system we know about.

Microtanks are still important for storing additional water.
COSECHA has been able to get the cost of building
microtanks down through the use of local materials, such as
clay, river sand and rocks, plus only one bag of cement for
each cubic metre of capacity. Such microtanks are totally
impermeable to water and, with a little shade, suffer virtually
no evaporation losses. There has been a problem with a few of
them cracking, but only when the choice of location was not
good - either the surrounding soil was leaking water, or the soil
was a very heavy clay that cracked when dry. Small cracks can
easily be repaired.
When we first began working with water management, we
thought farmers would prefer to make a series of microtanks of
about 0.5 to 1.0 cubic metres in capacity, thereby simplifying
the distribution of the water. Rather than taking that approach,
farmers have universally preferred to make just one tank,
usually of about 5 to 7 cu metres in capacity. In a few cases,
tanks of up to 25 cubic metres have been built.
Care must be taken to avoid the possibility of children falling
into the microtanks and drowning. Most families put the tanks
on their own land near the house, so that other people’s infants
will not have access to them. If they have children themselves,
they keep the microtanks well covered, for example with tree
branches, old pieces of plastic or roofing tin.

Using water
At first, farmers are often not worried about using their newly
acquired water efficiently, unless they have to pump the water or
the quantity of water available is very limited. They usually
prefer sprinklers, because they are easy to use. As they begin to
irrigate larger and larger plots, however, they become more
concerned about using water efficiently.
The most efficient way to irrigate crops is drip irrigation.
Farmers in Honduras have developed or tried out at least three
drip systems, but the most popular by far is a simple system that
involves passing wooden screws through an ordinary PVC hose

Conclusions
The initial technology we share with farmers has to have a rapid,
recognisable impact on yields if it is to be adopted. Even though
we believe that the technologies should be as simple as possible,
in the case of water management we must also work with the
farmer’s soils to improve fertility, water infiltration and waterholding capacity, as well as to provide the shade needed to
reduce evaporation and transpiration. Applying water to hard,
impenetrable, infertile soil exposed to the tropical sun will
often have little impact on yields. It is, therefore, important to
consider soil conservation measures, as well as measures to
improve the organic matter content of the soil such as green
manure or cover crops, as an essential component of water
management.
Working with water is not easy, because programme
extensionists and farmers often need to learn a great deal about
a new subject, and because of the need to work with soil
improvement at the same time. Nevertheless, the results can
be tremendously heartening.
■
We are happy to send the plans and designs for any of the above
technologies to anyone who requests them. We can be contacted
at the address or email provided below.
Roland Bunch and Gabino Lopez. Apartado 3586, Tegucigalpa, Honduras.
Email: gabino@cosecha.sdnhon.org.hn
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Health is another serious issue that should be considered when
building microtanks. Standing water can cause health problems
in the tropics, especially in Africa. The major concern in Central
America is the possible spread of both malaria and dengue fever
by mosquitoes. If farmers have a continuous source of water,
they need to completely empty the microtank at least once a
week. When the water is held longer in the microtank, problems
can arise. Honduran farmers have found a number of promising
solutions. For example, common cooking oil produces a film on
top of the water, killing the mosquito larvae. Neem (Azadirachta
indica) and mother of cacao (Gliricidia sepium) leaves can also
be crushed up and thrown into the water to control mosquito
larvae, and frogs and fish can be kept to eat the larvae. We need
to experiment more with each of these solutions in order to
make sure they are effective.

The suction pump is light and can be stored at home.
Photo: Anita Ingevall.
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Water resources in the area are scarce. Most of the river runoff is
salty and cannot be used for drinking or irrigation. Groundwater
is also very limited and of poor quality. Owing to the
mountainous topography and geological condition, it is difficult
and expensive to divert water from other watersheds. Drought
occurs frequently. Studies in Gansu show that heavy drought,
reducing yields by more than 30 percent, has occurred in 11 out
of the last 40 years.

There is no surface or ground water on the plateau. People had to carry water
from the deep gully. Photo: Author.

Under these adverse conditions, yields are as low as 1000 kg/ha
in a normal year. In dry years, yields do not even cover the cost
of seed. Without irrigation, it is impossible to grow most cash
crops. As a result, the annual family income from a little less
than one hectare of land is between US$500-US$750. The poor
productivity of land has forced farmers to reclaim as much
ground as possible even on steep slopes. This has caused more
soil erosion and land degradation and this in turn has had a
negative effect on agricultural productivity. The environment has
deteriorated rapidly. Inadequate drinking water supply, food
insecurity, low income, serious soil erosion and a deteriorated
environment have become common features in the area.

Taking action

Drought-proofing
villages in
Gansu Province
Zhu Qiang and Li Yuanhong

The semi-arid Gansu Province is one of the poorest and driest
areas in China. Droughts and dry spells are extremely common
in this mountainous area, where people depend primarily on
rainfed subsistence agriculture. Since the late 1980s, a project
for supplying water for domestic use and irrigation has been
developed in the area. A simple and affordable rainwater
harvesting system combined with an integrated approach to
improving agricultural production has effectively improved the
lives of Gansu farmers.

Experiences in the past decades have shown that water is a key
factor in the struggle to change basic conditions in the area.
Rainwater harvesting (RWH) is the most effective way for the
local people to get water. People in the area have a long tradition
of harvesting rainwater for domestic water use, but the water
collected was far from sufficient to meet the domestic demand
for water, let alone the water needs of agricultural crops.
Since 1988, the Gansu Research Institute for Water Conservancy
(GRIWAC) has undertaken a project for Research, Demonstration and Extension of RWH, aiming at improving the efficiency
of rainwater utilisation and working out RWH technologies
suitable to local conditions. The Project was very successful in
supplying water both for household and crop use. By the end of
1994, about 40 000 rural households had built their own RWH
systems.
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Background
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In the mountainous Gansu Province over 90 percent of the
population live in the rural areas. In this area of primarily
subsistence agriculture, most farmers have traditionally relied
on the unfavourably distributed rain. Two-thirds of the rain falls
between July and September each year, often in the form of
heavy thunderstorms. Only about 20 percent of the rain falls in
the spring, when crops need water most. It is only possible to
grow one crop per year.
The main crops grown in Gansu are wheat and maize. In the
middle Gansu, spring wheat is the main crop, but recently maize
grown with plastic mulching has been widely adopted owing to
its higher yield and adaptability to the natural rainfall. This is
sown in late April and harvested in late September. Plastic
mulch is essential for growing maize in this area as it raises the
soil temperature, which allows the crop to mature. In the eastern
Gansu, winter wheat and maize are the two main crops. In the
mountainous areas, cows and horses are used as draught animals
for sowing, ploughing, and tillage. Harvesting is done mainly
by hand.

When it is raining, the ditches can lead water collected from the road
and hill slope to the two rows of tanks. The tank water is used to irrigate
crops and trees on the lands below. At the right below, land is sheeted
with plastic films to prevent erosion and raise soil temperature.
Photo: Author.

In 1995, a once-in-sixty-year drought occurred. Millions of
people suffered from thirst and almost all the summer wheat died.
Because of the successful experiences of the GRIWAC RWH
project, the local government decided to initiate a “1-2-1”
rainwater harvesting project, aiming to solve the drinking water
problem for one million people in the area. In this project,
government and donors supported each household with cement
equivalent to US$50 to enable them to build one collection field,
two underground tanks and to irrigate one piece of land with
rainwater to develop the courtyard economy enabling them, for
example, to plant vegetables or fruit trees in the courtyard, raise
animals and poultry and process agricultural raw materials. By the
end of 1996, there were 1.2 million beneficiaries of this project.

When land productivity improved, farmers started to participate
more in the Land Conversion Programme initiated by the State
Government. This programme encourages farmers to plant less
fertile land with trees and grassland species to improve the
ecosystem. Irrigation with rainwater is a precondition for the
establishment of new vegetation.

The RWH system
The RWH system consists of a rainwater collection field, tanks
for water storage and water supply and irrigation facilities. Less
permeable surfaces of existing structures are used for rainwater
collection. In the RWH system for domestic water use, tiled
roofs and concrete lined courtyards are used to produce cleaner
water. Paved highways, country roads, threshing yards and sport
grounds are used for collecting rainwater for irrigation
purposes. Sometimes, hilltops or slopes are lined with concrete
slabs to increase runoff.
Traditional underground tanks, known locally as Shuijiao and
Shuiyao, are the most common types of water storage. The total
investment for each Shuijiao is about US$120, of which US$50
is subsidised by the government. The remaining investment is
supplied by farmers in the form of labour, local materials and
some cash.

The apple orchard yields around 40 percent more on average with
supplemental irrigation. In dry years, the increase is even higher.
Photo: Author.

In 1996, a follow-up RWH Irrigation Project was initiated, starting
with pilot projects at 12 sites with different natural and social
conditions. The project was later extended to a much larger area.
By the end of 2001, using the methods recommended by
GRIWAC, there were 2.2 million newly built storage tanks which
made possible the supplemental irrigation of 236,000 ha of land.
At the same time, the beneficiaries of the domestic water project
had increased to nearly two million people.

Benefits
The 15-year experiences of RWH in Gansu have proved that
RWH not only can provide safe and cheap water for domestic
use, but can also increase production by providing supplemental
irrigation to crops. Crop yields have increased by around
40 percent in a normal year and by much more in a dry year.

The underground tank has the advantages of preventing
evaporation loss and maintaining a low temperature, which
helps to maintain water quality. Each tank is used for the
supplementary irrigation of one Chinese mu (approximately
670 m2). One such structure generates two water applications of
approximately 20mm each, enough to mitigate one dry spell
during the growing season.
Water for domestic use is usually supplied by hand pump. The
limited amount of rainwater available for irrigation is applied
sparingly to crops, using the principle of limited irrigation. This
means that water is applied in limited amounts during a few
critical periods of crop growth. For this purpose, a lot of
experiments have been conducted to determine the best time to
provide the different crops in the area with supplemental
irrigation. The most commonly used methods are very simple,

A ditch diverts water collected on a paved highway to a tank, which
provides supplemental irrigation to the crops. The crop in the photo is
maize. Photo: Author.
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With water in their tanks, farmers can diversify their cropping
systems. Before the project, the only foods available at the family
table were potato, onion and cabbage. Now, many crops that are
sensitive to water stress can be grown, like cucumber, tomato,
eggplant, pepper, tobacco, and herbs. Simple greenhouses have
also been developed to grow vegetables and flowers. Water
collected from the roofs of greenhouses can meet 40 percent of
the water needed to have three harvests of vegetables. The
remaining 60 percent of water needs to come from other
catchments. The simplified green-house built with bamboo and
steel rods and covered with plastic films costs about US$1000,
while the annual net profit can be up to US$350-US$500. At this
rate, investment can be recovered in 2 to 3 years.

The tanks usually have a bottle shape with a diameter of about
3-4 m and a depth of 5-6 m. Irrigation tanks usually have a
capacity of 30-50 m3. A concrete, dome-shaped top with a
thickness of 10-12 cm helps to sustain the soil weight and the
load on the surface. A hole in the centre acts as both a water
outlet and a manhole. The bottom of the tank is made of 10 cm
thick concrete.
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affordable and effective. For example, irrigation when the seeds
are being planted or supplying water through the holes in the
plastic sheeting. If farmers can get support or a loan, they also
use drip irrigation and mini-sprinkling for high value crops.

Drought-proofing villages
Luoma Village is located in the northern part of Huining
County, one of the 592 key impoverished counties in China.
The annual rainfall is only 250 mm. There are 65 households
in the village, which has a population of 323. Before the RWH
project, the annual food production per capita was less than
300 kg, and annual income per capita was less than US$50.
Local people had no water supply for domestic use.
This village was chosen as one of the pilot RWH projects
in Gansu Province. From 1996 to 1998, the village built
330 Shuijiaos, 130 for the domestic use, 65 for the courtyard
economy and the remaining 195 for field irrigation. During the
recurring droughts between 1999 and 2000, the RWH system
not only ensured water for domestic use and animal husbandry,
but also provided enough water for the supplemental irrigation
of 22 hectares of land.

Drip irrigation of fruit trees. Photo: Author.

Now that they have water, farmers have changed their cropping
system by planting maize instead of summer wheat. Maize can
produce much higher yields than wheat in this area owing to a
longer growing period and a higher adaptability to natural
rainfall patterns. However, it requires more water and heat in
order to mature properly. Annual yields have now increased
from 975 kg/ha of wheat to 3950 kg/ha of maize. Annual food
production has increased by 144 percent and income per capita
has increased by 187 percent. Even in years of severe drought,
households have enough to meet their food needs.

Villager Luo Zhenjun’s family was one of the poorest in the community
before the project. His family of four harvested only 800-1000 kg of wheat
in a normal year. During the RWH project implementation, he built six
Shuijiaos with total storage capacity of 120 m3. Using water from the RWH
system, he now plants 0.4 ha of plastic-sheeted maize each year, yielding
6000 kg/ha/yr. Using supplemental irrigation, his small orchard doubled
its production.
With more tank water available, he now keeps two pigs and 17 sheep, nine
more sheep than before the project. His total food production has
increased from 900 kg to 3675 kg per year, and his annual net income has
increased from US$190 to US$700.

Experiences
The great success of the RWH project in Gansu is considered to
be the result of the wide participation of the farmers and the
firm support of the government. The main experiences of the
project in Gansu can be summarised as follows:
• Household ownership of RWH system is the key factor to the
high degree of motivation shown by farmers. Unlike the key
water projects owned by the State or big enterprises, which
farmers regard as “welfare”, most of the RWH systems
belong to the households themselves.
• Both the farmers and government can afford the inputs for
the RWH system. The high profits gained from the RWH
system means that investments can be recovered quite
quickly.
• RWH is a tradition of the local people, but it has been
updated with appropriate modern technology. This meant that
farmers were more ready to accept it.
• With a little assistance from villager technicians, farmers can
build their own RWH system. This decentralised approach of
the RWH project suits the natural and social conditions of
this mountainous and impoverished area.
• Proper preparation, organisation and management of project
implementation are also important success factors.
Demonstrations were very important in showing the benefit
of the projects to both farmers and decision makers. From the
very beginning, GRIWAC helped thousands of “scientific
households” to build RWH systems that provided good
examples for both the general public and the politicians.
Research on the technical and economic feasibility of the
RWH project was carried out over a 3-year period before the
project increased in size. Technical guidance and training
courses at different levels were also essential elements in the
implementation of the project.
■
Qiang Zhu and Yuanhong Li. Gansu Research Institute for Water Conservancy,
No 120 Gaolan Road, Lanzhou 730000, China.
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Yuanhong Li is the Director and Senior Engineer of Gansu Research Institute for
Water Conservancy, China. Email: gsws@public.lz.gs.cn

Simple greenhouses have become very popular. Photo: Author.

Spherical water tanks
Gedion Shone

For resource poor smallholder farmers in water scarce areas,
even small volumes of stored water for supplemental irrigation
can significantly improve a household’s economic position. The
Regional Land Management Unit (RELMA) in Eastern Africa
has been promoting spherical water tanks for harvesting
rainwater from roofs and other surfaces, similar to the ones
promoted by the Gansu Research Institute for Water
Conservancy (GRIWAC) in China. Demonstrations and
trainings on water harvesting conducted by RELMA inspired the
Ethiopian Minister of Agriculture to arrange an exchange visit
with GRIWAC in Gansu province.
Advantages of using spherical tanks compared to other shapes:
• The water pressure is evenly distributed within the tank and
the tank therefore requires less reinforcement
• A spherical shape has a smaller surface area than square one
and thus uses less building material
• The bottom part is directly supported by the ground, further
reducing the need for heavy reinforcement materials
• Easy to construct
• No evaporation takes place as the tank is closed.
In order to reduce construction costs, the tanks are built with
locally made clay bricks and mortar. The walls are lined with a
mixture of cement and clay on chicken mesh and finished off

with a cement nil water-proof coating. These tanks are less
expensive to build than the conventional concrete structures, and
experience has shown that they can be built by local masons
with only basic building skills. It generally takes only one
session of practical training for local masons to master the
construction method.
Three types of spherical tanks - semi-circular submerged tank,
underground spherical tanks and partially underground spherical
tanks - have now been tried out in Ethiopia, Uganda, Kenya and
more recently in Tanzania. The size and shape of the tanks can
be adapted to local needs. In the Machakos district of Kenya, for
example, where arable land is very scarce, the tanks are dug in
such a way that the only soil surface that cannot be cultivated is
the manhole opening at the top. These tanks are used to irrigate
kitchen gardens, enabling farmers to diversify their sources of
income. Micro-irrigation schemes are promoted together with
commercially available, low-pressure drip irrigation systems.
Cheap drip kits (for example, the Chapin bucket kit, see LEISA
Newsletter Vol 14.1 p 29) save water and labour, and are
increasingly being adopted by farmers.
■
Gedion Shone. District Development Programme, P.O. Box 989, Musoma, Tanzania.
Email: ddpmsm@juasun.net
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Construction of a spherical tank in Mbarara district, Uganda. Photos: Gedion Shone.
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Managing Water Together
Mona Dhamankar

Today, many villages in India are facing severe water scarcity.
Erratic rainfall and poor soil and water management, including
relentless ground water extraction has led to cycles of droughts
and ongoing water scarcity. As a result, there is renewed interest
in rehabilitating the small, traditional water harvesting and
irrigation systems that have existed in India for centuries.
Here we describe the efforts of a community and their
government to take ‘rehabilitation’ beyond technical
interventions, to include farmer participation and coordination
of the efforts of different institutions. Over the past two years,
people in the community have not only demonstrated a capacity
to understand and analyse their own problems, they have also
invited several partners with different resources to join them in
their efforts to rebuild their water resources.

attention, and also generated curiosity among farmers in
neighbouring villages. In all, over 2000 people came for this
workshop in August, almost at the end of the monsoon season.”
After the initial visit-cum-workshop, ATMA officers conducted
block-level meetings with village heads to share the technology.
A prominent social activist and expert on water management
joined ATMA in their efforts to motivate farmers in Garaj, one
of the most water-scarce villages in the district. The farmers
here took up recharging works as a group activity and, as a

The setting
The Marathwada region of Mahrashtra is a drought-prone area
in Western India. Almost 80 percent of this region is under rainfed agriculture. Aurangabad, one of the largest districts in the
region, receives on average around 700 mm of rainfall per year.
For the past three to four years, farmers in the district have been
forced to meet their needs with only 50 percent of average
rainfall. Most of the “talukas”(units of civil administration
within a district) have been declared permanent drought-prone
areas and even talukas with a reasonable rainfall pattern have
been struck by famine in recent years.
The majority of farms in the area are small and medium sized.
Around 55 percent of the farmers can be categorised as
smallholders, with an average land holding of up to two hectares.
Medium-sized farms are between two and five hectares, of which
between one and two hectares is irrigated. The rest is rain-fed
agriculture. Most of the large farms have been divided between
family members in order to take advantage of government
schemes and subsidies for smallholder farmers. Most farmers
labour on their own farms and find hiring tractors more efficient
and more economical than hiring agricultural labour.
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Inspired by a farmer
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While documenting indigenous technical knowledge in the area,
officers of the Agricultural Technology Management Agency
(ATMA) met a farmer called Shri Vasant Katbane. Shri Katbane
had tried out the two-pit well recharging technology in 1985,
and went on using it for about ten years with only nominal
maintenance expense.
Satish Shiradkar, Deputy Project Director of ATMA,
Aurangabad, describes the origins of the programme:
“It all started on 24 July, 2001 in a brainstorming meeting called
by the Divisional Commissioner of Aurangabad to address the
severe drought problems of the district. Several government
officials and NGO representatives were present when our Project
Director Mr K V Deshmukh shared information about a
successful well recharging experiment carried out by a farmer in
Dhangaon in Paithan Taluka eight years ago….”
“At first everyone was apprehensive, but when our District
Collector showed interest, we organised an exposure visit-cumworkshop to see Shri Katbane’s well. He was the only farmer in
the area who had enough water to irrigate a Rabbi (winter) crop
in a dryland area. As several senior government officials and
progressive farmers came along, the visit got a lot of media

Diagrammatic representation of two-pit technology.

result, 52 out of the 102 wells in the village were recharged.
The people provided their labour and an initial investment to
meet the cost of pipes, and the agriculture department provided
technical inputs. The village was fortunate to receive the last
monsoon showers in September and early October and these
filled the recharged wells to the brim. Careful use of the
artificially recharged water made it possible to give protective
irrigation to the existing Kharif (summer) crop, and also offered
farmers the opportunity to irrigate an additional 50 hectares.
They were convinced of the benefits of the technology.
ATMA officers recorded the performance of the 52 wells, and
their observations formed the basis for launching a more
comprehensive ‘water resource and agriculture improvement
management’ programme - the Amrutdhara Jal Abhiyaan.
This programme was designed with the help of people who
volunteered their time, labour and met the initial costs of the
interventions. In April 2002, a start was made with 114 villages
and about 50 of them became focus villages for the programme.
ATMA provided an inventory of other simple, low cost
technologies (see Box).

repair. Some farmers do limited maintenance work before the
irrigation season begins, in the parts of the canal closest to their
fields, like cleaning out weeds, grass and other foreign matter.
However, they do not undertake to de-silt the tanks or canals,
strengthening the canal walls or deepening their beds.

Amrutdhara Jal Abhiyaan programme components
1) Well recharging for agricultural purposes
2) Rooftop rainwater harvesting
Individual pucca houses
Government buildings
3) Revitalising existing structures
Collective de-silting
Sluice gate management
4) Soil and water conservation works
Plantations on farm bunds
Loose boulder structures
Low-cost water harvesting structures e.g. farm ponds, check bunds
Continuous Contour Trenches
Kisan nurseries
Soak pits
Kitchen gardens
5) Improved crop management
Vermicomposting
Sendriya Sanjivani (improved organic fertiliser)
Zero Energy Chambers to store vegetables and fruits
6) Integrated pest management (Cotton)
Trap crops
Pheromone traps, Light traps
Neem sprays
7) Livestock development
Improved fodder varieties cultivation
Better management practices
Mass de-worming and pest management
8) Village level information centres

Well recharging in Panvadod village, Tal. Kannad. Photo: Mona Dhamankar.

In spite of realising the importance of these structures, farmers
are hesitant to voluntarily manage them because of the high
royalty that must be paid for the silt, and the cumbersome
formalities needed to get permission to use it. This problem was
discussed in the initial meeting of Amrutdhara Jal Abhiyaan
stakeholders, where the District Collector promptly agreed to
waive the royalty if the farmers came forward to de-silt the tanks
and carry the silt to their own farms at their own expense.
Government officers from several departments set the pace by
contributing a day’s work (shramadan). This motivated the
farmers, and up to now around 375 water bodies have been desilted through collective action.

Water harvesting through well recharging
Through the process of revitalising the existing water-harvesting
structures, the farmers realised that silt was nothing but their own
fertile soil that was being carried off with the rain. Whenever it
rained, the villagers saw the runoff in the streams and rivulets that
flowed through the village. They decided to use that water for
recharging their dry wells and asked the agriculture department
to help them. ATMA provided information about the Swaydhay
well-recharging system (see Box).

Well Recharging
Revitalising existing structures
Throughout the area, tanks and ponds have been the mainstay of
rural communities for centuries. Aurangabad has around 390
structures, with an estimated irrigation potential of 20 000-22 000
hectares. These structures include a large number of nala bunds
(tank-like small water harvesting structures) percolation tanks,
and small and medium irrigation tanks constructed by the State
Irrigation Department. In most cases the tank beds are silted up,
reducing the storage capacity far below their potential by about
40 percent. Prolonged siltation had also resulted in the reduced
carrying capacity of canals. The government, which is constantly
short of resources, has not been able to invest in maintenance and

The well-recharging system is very simple. Two percolation pits are dug
next to a well. The large pit is approximately 2.4 x 1.8 x 1.8 metres and the
small one is 1.2 x 1.2 x 2.4 metres and is built along the slope of the larger
pit, about 3 metres away from the well. The smaller pit is filled with stones,
gravel, and coal, which act as a filter. A cement pipe (23 cm diameter) fitted
with a wire mesh filter is fixed at the bottom of the smaller pit. This pipe
opens into the well. Rainwater that collects in the larger pit, flows into the
smaller pit and is filtered clean before it flows into the well through the pipe.
The silt that accumulates in the pits can be used in the fields. In this way, soil
is conserved as well.
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(inspired by social reformer, Shri Pandurang Shastri Athawal,
founder of the Swadhay Parviar movement)
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This technology became immensely popular because it was low
cost. At an initial expense of Rs.1500-2000 (US$ 25-30) towards
labour (approximately 3-4 person days) and pipes, the farmers
reaped benefits throughout the year. Annual maintenance too
was negligible at Rs.100. Data from Garaj village, Aurangabad
district (2002) indicated that production increased substantially
in areas where well recharging was taken up in comparison to
those where it was not. Rabbi sorghum increased from 6.5 to
9.3 quintals/ha, wheat from 9.6 to 16.3 quintals/ha and cotton
from 6.1 to 10.7 quintals/ha.

Shafiyabad’s Water Budget
While working on soil and water conservation measures, the
people realised that however much water they collected, it would
not be enough if they did not pay very careful attention to how it
was used. It was not enough to harvest rainwater and promote
viable agriculture packages. Location-specific land-use
planning modules were also required. Shafiyabad was one of the
first villages to act on this understanding.
Until ten years ago, farmers in Shafiyabad cultivated sugar cane
and bananas. Almost every farmer had a pump fitted to his well
and drew water relentlessly. Over the years the groundwater was
used up, and in recent times these crops are nowhere to be
found. The people joined the Abhiyaan in the hope of
rejuvenating their water resources, and promised to use their
resources sensibly. In consultation with the Agriculture
Department they prepared a ‘water budget’. They appointed a
committee that helped each farmer work out his/her own
requirements. Crops that needed more water were discouraged
and replaced with perennial crops and new varieties with short
gestation periods.

A farmer taking his bumper cauliflower crop to the market.
Photo: Mona Dhamankar.

Besides improved agricultural productivity, the programme has
also produced a cadre of efficient barefoot technicians and
trainers for water resource development interventions. These
farmers are being invited by other neighbouring villages to help
them design their own interventions. In the rest of the district,
the traditional institutions for managing water harvesting
structures are starting to revive spontaneously, and there is a
community-wide dialogue on ways of sustaining and enhancing
the water retention. About 15 villages have taken up water
resource development activities on their own, and have
approached the agriculture department for technical guidance.
The Amrutdhara Jal Abhiyaan officially ended in March 2003.
As a strategy to maintain the tempo of work and sustain farmers’
interest, the 50 focus villages are now part of a larger governmentsponsored watershed development programme. For the first time,
the state government’s Employment Guarantee Scheme is taking
up soil and water conservation measures that require higher
investments and 1-2 years of consistent support.
■

LEISA MAGAZINE . JUNE 2003

Stakholders inspecting a farm pond. Photo: Mona Dhamankar.
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Thereafter, the water requirement for the entire catchment area,
including that for livestock, was worked out and displayed on
the wall of the gram panchayat office in the centre of the village.
Several other villages have now followed suit and prepared their
own water budgets.

Looking ahead
Though only a few of the programme activities are described
above, almost all components of the programme have been
implemented with the same zeal and participation. The spirit and
enthusiasm with which all stakeholders participated gave it a
momentum comparable to a peoples’ movement, with a promise
to redefine the future of agriculture in the region.

Information support provided by ATMA and the Department of
Agriculture, Aurangabad is gratefully acknowledged.
Mona Dhamankar. 15 Amey, 40 Rambag Colony, Paud Road, Pune 411038, India.
Email: mohna@vsnl.com
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Reflecting on farm pond development
Michiel Verweij

Many initiatives have contributed to developing farm pond
technology in Bolivia. Over time, different stakeholders have
come together to scale up this technology. Strong organisation at
community level has helped rural people to influence this
process.
Ponds are not new in Bolivia. In the past, they were associated
with large-scale cattle ranches in the lowlands of Santa Cruz.
However, traces of traditional ponds are also found all over the
semi-dry inter-Andean mountainous region between 1000 and
3000 m. These ponds were simple, mostly used for watering
livestock, and usually had a storage capacity of less than
500 m3. They were constructed by individuals or local
organisations and remained a local initiative.

PDAR at work
Pond building first appeared on the institutional agenda in the
1990s, when the Programme for Alternative Development (PDAR)
began promoting the technology as a way of improving production
and stimulating social organisation. PDAR wanted to prevent
subsistence farmers migrating from Cochabamba to the coca
producing areas. Regional government departments, local NGOs
and private enterprises were mobilised to implement the project.
Self-help and community participation were key to PDAR’s
strategy. Peasant farmers took up the idea of building ponds to
harvest rainwater and worked hard to convince engineers to try
them out. Ideas emerged to divert floodwater from the seasonal
streams to a series of ponds in the valleys and several of these
pond systems were built, including the well-known example in
the Oloy community (see LEISA Magazine Vol 17.3 p 43).
Most of the ponds constructed by PDAR were simple ‘holes in
the ground’ and many had serious construction and management
problems. A few years after construction, only 25 percent of
ponds were still working at full capacity and many had collapsed
or were abandoned. An evaluation in 1992 recommended that if
ponds were built for individual families, maintenance and
operational problems would be avoided. By making their own
financial contribution to pond building, families would also gain
a greater sense of ownership. Better designs and construction
guidelines were also required.

Maturing initiatives

The confidence generated by the Oloy experience encouraged
more NGOs, local governments and farmer organisations to start
implementing farm pond projects. Rural people in the Andean
region are organised in farmers unions (sindicatos agrarios)
with tiers at local, regional and national level. In many cases,
these unions provided the organisational entry point for water
harvesting activities.

With the introduction of the Popular Participation Act (Ley de
Participacion Popular) in 1994 and political decentralisation at
the administrative level, peasant farmers became more able to
participate and influence district development policy. A
proportion of the central government budget was now available
at local level. This meant that local politicians and organisations
came under pressure to make the districts more productive,
while the rural population became increasingly active in
demanding support from local government.
Lobbying got ponds onto the local and regional development
agenda and very quickly political parties realised the political
potential in the movement. NGOs started to link up with local
government to access funds and material available locally to
support the pond programme. Organisations like CORACA, for
example, made strategic alliances with district governments and
started to work with private contractors.
In 1998, Cochabamba experienced an earthquake. Funds made
available for reconstruction also stimulated a larger institutional
irrigation effort. A technical unit was formed to work with local
organisations implementing projects at field level. Standards for
the design and implementation of ponds were developed
because experience had shown that there was a need for higher
technical and administrative standards. As a result, the quality of
ponds increased although, problematically, costs also increased
significantly.

Acceptance
As ponds and pond farming became more widely known, they
became better accepted. The subject now has a formal status and
is included on the curricula of universities and training centres.
It is also firmly established on both local and regional political
agendas.
Communication and collaboration between communities, local
government and local development organisations has improved
considerably during recent years and pond farming is now seen
as a useful initiative to work on together. The next joint effort
should be to adapt the pond technology to make it cheaper.
Bolivia’s experience of pond farming has shown that no matter
how relevant a technology may seem at the time of project
implementation, there is always room for improvement. It is
important to return to a project area to evaluate and learn from
the long-term results.
■
Michiel Verweij. Sharing Capacities in Managing Natural Resources.
SNV Zimbabwe. Arundel Office Park, Block 9 Norfolk Road, Mount Pleasant,
Zimbabwe. Email: mikat@mweb.co.zw
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CORACA, a farmers’ organisation in Aiquile, began working
with farm ponds in the mid 1990s. Together with the University
of Cochabamba, they studied the successful experiences of Oloy
to see how ponds had benefited farmers’ families and their
communities. They found Oloy had developed a flourishing fruit
and vegetable production that complemented traditional cattle
rearing farming systems well. New (informal) organisations and
groups had been created to deal with water management,
production, credit and commercialisation and, by exchanging
experiences with other communities, Oloy had become a
resource community for pond farming in the region.

Although different organisations had different working
methodologies and pond designs, there was some exchange
of ideas between them, such as encouraging farmers to make
a 10 to 30 percent contribution towards their ponds. Some
organisations chose to build ponds for collective use, but as
these often encountered problems of ownership and
maintenance - individual ponds proved a better option. The
quality of pond infrastructure remained a problem in family
ponds because of the need to keep costs low.
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Farmer innovations in water harvesting
Deborah Duveskog, Charles Mburu and Åsa Forsman

The farm of Alex Ole-Pere is often described as an oasis in the
desert. From afar you can see a large Bluegum (Eucalyptus) tree,
which would not normally survive in this dry climate. As you
approach his farm, there are trees visible on the plains where
typically the only vegetation is Acacia bush. Alex is one of the
farmers identified as an innovator in the “Promoting Farmer
Innovation in Farmer Field Schools” (PFI-FFS) programme in
Kenya. His simple yet ingenious idea of a rainwater reservoir to
capture run-off water from the surrounding mountains has been
spread to other farmers in the area. In addition, his plot now
serves as a water reserve for surrounding farmers and
pastoralists in the dry season.

Spreading innovations

Dam building
Alex Ole-Pere is a Maasai who lives in a semi-arid area in southern
Kenya. Although the district receives up to 600 mm of rainfall per
year, this rainfall is highly erratic and unpredictable. The risk for
crop failures due to drought is high. People in the area traditionally
depend on livestock, but as it gets harder to sustain large cattle
herds on grazing land that is gradually shrinking, more and more
people have started to turn to crop production. Alex realised that
every rainy season a lot of water from the nearby mountains
seemed to be wasted as it raced towards the rivers. He came up
with the idea of collecting this rainwater by building a dam. He
built a reservoir close to his homestead and constructed a diversion
from a local waterway. The diversion directed the flow of water
from the stream into the reservoir. The dam, which is about 20 by
30 metres wide, was built by digging out the earth and putting it on
the outside of the reservoir.

Africa has enormous resources of rich traditions, untapped
knowledge and promising innovations relating to soil and water
management. A large number of farmers experiment with soil
and water conservation techniques on their own and
spontaneously try out new practices, without the direct support
of formal research and extension. Like the invention of Alex
Ole-Pere, many of these small-scale initiatives have the potential
to benefit other smallholders if they are applied on a wider
scale. Farmers in drylands often suffer from extension systems
that do not function well because of the large distances involved
and the marginal nature of arid areas. This often leads to the
failure of recommended technologies. Instead of relying on
technologies that are often inappropriate and introduced from
the outside, there is a real possibility in dryland Africa to build
on local resources of knowledge and traditions, and the
inventiveness that comes from necessity.
In East Africa in recent years, increasing attention has been paid
to capturing local knowledge and initiatives and disseminating
this information to other farmers. For example, UNDP and FAO
have been working since 1997 to increase the recognition given
to indigenous knowledge in agricultural extension by supporting
farmer-to-farmer knowledge sharing and the identification and
dissemination of local innovations (see Box).
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Innovation initiative in East Africa
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The Promoting Farmer Innovation (PFI) process is a 10-step guideline to
identifying and disseminating farmer innovations. It was developed by a
UNDP supported project in 1999. The project was piloted in Kenya,
Tanzania and Uganda with the aim of identifying farmer innovators. The
ideas of these innovators were disseminated through farmer-to-farmer
extension and farmer exchange visits. In Kenya, an ongoing initiative
supported by UNDP and FAO known as the “Promoting Farmer Innovation
in Farmer Field Schools (PFI-FFS)” project has merged the PFI process with
the Farmer Field School (FFS) approach to participatory extension. The
objective of the initiative is to facilitate increased interactions between
innovators and FFS groups and in this way to stimulate the process of
innovation and discovery among farmers. Innovators are identified by FFS
extension staff and are often included in the FFS as group members, guest
speakers or resource persons. Alternatively, the FFS groups go on study
visits to see the innovations.
About 250 farmer innovations have now been identified within the Kenyan
PFI-FFS project. Around 40 percent of innovations are related to the
efficient use of water resources, including water harvesting, small-scale
irrigation and other ways to use surface water efficiently.

Alex Ole-Pere next to his reservoir. Photo: Åsa Forsman.

Water collected in this way is used for irrigating vegetables and
tree seedlings. While most of the area around Alex’s farm
appears barren because trees and bushes are continually being
cut for firewood, Alex plants more and more trees every season
on his plot. Apart from sustaining the crops and trees on Alex’s
farm, the reservoir also serves the larger community. “My
neighbours normally come to fetch water from my dam in bad
times. They can take both for their families and for their
livestock. I have enough”, he says proudly.

Earth banks
Agnes Mughi is a farmer in a very dry zone of Mwingi district.
Her farm was suffering from water scarcity and she decided to do
something about it herself. The area where Agnes lives is often
affected by drought and the soil is compacted and eroded.
However, her farm now appears green and productive all year
round, in sharp contrast to the surrounding area. By using her own
creative ideas, Agnes tamed the floods from a nearby seasonal
stream by digging a series of earth banks across the direction of
flow in the valley bottom above her plot. The banks, which were
about 30 metre long and about 2 metres wide, slowed the
floodwater down, giving it more time to infiltrate into the ground.
This meant that there was an increase in soil moisture on her farm
and the water level rose in the well she had dug in the centre of her
plot. The well now provides clean drinking water for Agnes’s
family and neighbours as well as water for irrigating vegetables.
Like many other farmer innovators, Agnes Mughi is experimenting
with a number of different approaches to enhance the productivity

Peter Olochoke Letoya now has three underground rainwater
reservoirs. These range in storage capacity from 1000 to 2500
litres. His family uses one for drinking water and the other two
for watering trees and bushes on their land. At present he is
thinking about collecting rainwater in an elevated tank so that he
can start working with drip irrigation.
Another of his ingenious ideas is to use banana trees as nurseries
for sugar canes. Peter discovered that the layers of spirally
arranged, overlapping leaf bases in the stem of the banana tree
form “pockets” that contain water. He placed some sugar cane
cuttings in the pockets in the stem and these grew very quickly.
In addition to the water from the banana tree, the improvised
sugar cane “nursery” also receives moisture every morning from
the dew that condenses on the banana leaves. Once they have
grown roots, Peter plants the sugar cane cuttings in his fields.

Conclusions

Agnes Mughi’s productive farm.

of her land. Her second innovation is a bio-pesticide made from
dried chilli peppers, neem leaves and local aloe.
Agnes is a part-time social worker, and a role model for other
local women. She has great strength of character and believes
strongly in what she has to offer. In Mwingi district she has
frequently been invited by Farmer Field Schools to explain her
innovations to other farmers.

Today, a significant proportion of poor people who depend directly
upon the natural environment live in water scarce regions. All over
the world, smallholders need water for their agriculture, livestock
and households. Small-scale water solutions seem to be a key for
enhancing food productivity for poor farmers and pastoralists in
dry areas. Local innovators like Alex Ole-Pere, Agnes Mughi and
Peter Olochoki Letoya can be found everywhere in Kenya and
many other countries too. The challenge is to find ways of
encouraging their inventiveness and originality so that their ideas
can be developed and shared with other land users.

Rainwater harvesting
Peter Olochoki Letoya’s first innovation came when he moved to
a much drier area in East Mau. He realised that he needed to do
something about the water shortage that was distressing his
crops and threatening the livelihood of his family. Three years
ago, he had the idea to collect rainwater runoff from his rooftop
and store it in underground reservoirs. Since then, his reservoirs
have been full. Today, it is clear that his idea has been a success
but in the beginning he was afraid it would not work.
“When I first started to dig the holes for the reservoirs, I was
hiding behind the house so that the neighbours would not see
me. I did not want people to think I was crazy”, he recalls.

The tank that Peter Letoya invented is built underground by
excavating soil and lining the sides of the pit with plastic sheets
to avoid seepage. The top of the tank is covered with cedar posts.
He chose cedar as a covering material because it does not rot
easily and is not damaged by insects. Peter’s tanks have
attracted much attention in the area because in comparison with
the common tank structures recommended by district engineers
that are made out of concrete, they are very cheap to construct.
“My tank is about 10 percent of the price of the normal tanks
found in this area”, he says.

Findings from the PFI-FFS project show that there is a real
possibility for bringing together external and indigenous sources
of knowledge in agricultural extension activities. Initial results
of the PFI-FFS programme suggest that farmers show a higher
level of adoption when new technologies are introduced by
fellow farmers rather than by extension workers and outsiders.
East African farming conditions are very diverse and therefore
require solutions appropriate to the local context. By capturing
local innovations and promoting indigenous knowledge in
extension and development activities, sustainable solutions can
be found and scaled up.
■
Deborah Duveskog and Charles Mburu. FAO Kenya, PO Box 30470, Nairobi,
Kenya. E-mail: dduveskog@faonairobi.or.ke
Åsa Forsman. UNDP Drylands Development Centre, PO Box 30552, Nairobi,
Kenya. E-mail: asa.forsman@undp.org

A full paper of on the PFI-FFS initiative is available at
www.eseap.cipotato.org/upward
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Now that Peter Olochoki Letoya’s rainwater harvesting
technique has proved to be functional and efficient, his
neighbours are no longer suspicious and some of them have
started to adopt his method on their own farms. Working
together with other farmers in the PFI-FFS project, Peter has
been able to spread his ideas to other farmers and families
outside of his community. He often gets visits from other
farmers and farmers groups who want to learn how to harvest
rainwater from rooftops. He has also benefited from visiting
other innovative farmers and has been inspired by their ideas.

Peter Olochoki Letoya’s rainwater harvesting system.
Photo: Åsa Forsman.
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Holding the Rain
Ivan Yaholnitsky

In Lesotho, agriculture consists of subsistence farming and
involves extensive mono-cropping with very few external
inputs. Livestock graze freely over communal pastures and
barren or harvested fields. As a result, much of Lesotho suffers
from chronic land degradation and soil collapse. This has led to
the loss of biodiversity, declining agricultural productivity,
depletion of nutrient balances, falling water tables, flash
flooding and an increasingly dependent and poor rural
population. Despite the innovations and considerable personal
efforts of individual farmers, Lesotho still imports 85 percent of
its food, and large parts of the country are turning into desert.

BBCDC
Bethel Business and Community Development Centre (BBCDC)
is a rural development and education institution located in the
Senqu Valley in the Mohales Hoek district of Lesotho. BBCDC
aims to help build up the capacity of young Lesotho men and
women so they can contribute to rural and urban development in
their region.

New swale construction. Photo: BBCDC.

In order to halt the flow of storm water into the campus and to
collect run-off from compacted areas like roads and paths,
BBCDC students and staff constructed an extensive system of
swales and diversion drains. Almost all the swales were dug by
hand using picks and shovels, and simple A-frames or line levels
were used to survey them. In the beginning the going was tough.
Each swing of the pick dislodged a lump of clay-like rock. Once
the rain came, things speeded up and deepening and extension
of the swales required less effort.
Restoration required very careful landscape design. Rain falls at
intensities of up to 100 mm per hour during summer in Southern
Africa, whereas infiltration rates are perhaps 1 to 4 mm per hour
on unimproved land. In the uppermost reaches of a watershed or
micro-shed, the “stacking” of water and subsequent run-off lasts
only a few minutes during high intensity rainfall.

View of the Phamong Valley from Mt Moorosi, Lesotho, 2000.
Photo: BBCDC.
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The Centre is situated on degraded pasture land typical for this
area of Lesotho. It was established in 1993 and was immediately
confronted with severe weather challenges. The annual average
rainfall of 500-600 mm tends to fall very irregularly and in the
early years there were frequent droughts. When the rains finally
came, the streams filled up quickly despite the parched earth,
highlighting the low capacity of the soil to absorb water. Famine
was only averted through the intervention of the World Food
Programme (WFP).
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When BBCDC, in partnership with WFP, began a road
construction programme in 1995, it came to understand the
importance of drainage and run-off mitigation. Small dams and
swales (see Box) were constructed at several locations along the
roadway to control water flow, but because no one assumed
ownership of these structures, they quickly silted up and lost
much of their impact. However, the experiences of this
programme made BBCDC aware of the importance of water.

Restoring the land
Inspired by theories drawn from permaculture, BBCDC decided
to use ecology to restore the environment and started a
programme to systematically develop the BBCDC campus.
Soils on the campus were extremely compacted and despite
some grass cover, were largely sealed, cemented and anaerobic.
This was obvious to anyone digging swales or involved in
excavating the building foundations.

The swales worked magnificently and a dynamic process of
restoration and accelerated biological activity was set in motion.
Storm water not only carries away soil, but also organic debris
such as leaves, grass and manure. When storm water is diverted
from the roads and tracks used by animals, swales act as a
nutrient pump and trap. Vigorous pioneer plants growing more
than two metres high do not always impress visitors, but their
root systems do a great deal of beneficial work. Besides breaking
through plough pans (the layer of compacted soil below the reach
of the plough blade) and opening up the soil, they also provide
essential organic matter for mulching and composting.

An evolving farming system
At the same time as more fruit trees were planted and became
established, the swale system grew, matured and became more
resilient. As conditions improved, BBCDC started to develop the
farming system into a more sophisticated system characterised

Swales
Swales (or earth bunds) are the cheapest and simplest earthworks for water
harvesting and storage. Swales are dug along contour lines or in flat areas
and are designed to store water in soil and sediment by intercepting overland
flow and enhancing groundwater recharge. Soil can hold thousands of times
more water than tanks or dams, and water which infiltrates the soil in a swale
is stored three to five metres deep, where it is available to trees. A good swale
system can handle 200 percent of a village’s runoff. A well-designed
succession of five to seven swales can actually create a spring from stored
groundwater. Swales become increasing efficient as they age and tree roots
develop and humus accumulates. To encourage vegetation to re-establish
itself quickly and to derive the maximum benefit from tree roots and humus,
it is important that swales are smooth and have the right shape.
A system of small closely spaced swales keeps water flows small, their
velocity near zero and minimises their destructive force. This is one reason
why swales need to be surveyed accurately. The most important principal is
that they should slow, spread and sink water.

by intercropping, mixed orchards and forage production. Over
the years, intercropping between the fruit trees in the orchard
has altered the structure of the soil and increased its infiltration
capacity.

The resources available for this programme are modest and
average less than US$5,000 per annum. A next step is the
extension of this effort to the broader landscape, fields and
pastures.

The large fields along the west side of the campus have been
subdivided into smaller fields marked out along contour lines;
and various market gardens have been developed all over the
campus in the corridors between the swales and tree plantings.
Many of these sheltered gardens enjoy a noticeably better
microclimate. They are more productive and are also more
responsive to irrigation and intensive management. All the fields
on campus are now being converted along these lines.

Conclusions

Multiple water sources
To get through stretches of drought, BBCDC steadily invested in
multiple water sources and in pumping, storage and delivery
systems. At present, sources of additional water supply include
rainwater tanks, a hand dug well, a spring, a groundwater dam,
and a small pond constructed at the highest point of the campus.
In 1998, BBCDC constructed a sand dam on a stream on the
eastern side of the campus. It is working as planned and has
helped raise the water table and made more water available for
irrigation. Plans are being made to scale-up this initiative and
build three more sand dams along a 5 km stretch of the stream.
These dams will be located at points that make gravity flow
irrigation possible.
At the moment water is lifted by a diesel pump installed near the
groundwater dam, a solar pump installed in the well, and a
gravity-driven hydram at the spring. Water is stored in stone
masonry tanks for gravity flow irrigation of fields and gardens.
Rainwater is also collected from the roofs of six buildings. The
total water storage capacity on the BBCDC campus is now about
110 000 litres, of which 45 000 litres is rainwater collection from
roofs. Water can be delivered to fields through a combination of
flood, sprinkler and drip irrigation systems. During dry weather,
swales can be flooded to water forage and fruit trees. The diesel
pump can either fill storage tanks or operate up to 20 sprinklers.
Drip irrigation sets are used on small market gardens and fed by
gravity from the storage tanks. Grey (domestic waste water) and
black (sewage) water from the school is also used to support the
growth of ornamental plants and trees on the campus.

Energy and water balances on the BBCDC campus have certainly
improved over the last decade. The water collected by the swales
has triggered vegetation growth, proving how effective
landscaping (such as constructing swales) and bioengineering (the
engineering work done by plants) can be. Although we cannot
influence the timing or distribution of rainfall, we can prepare
carefully for the day when it does rain and try to ensure that as
much rainwater as possible stays where it falls. This water must be
stored and guided carefully through the landscape. If this is not
done, all the pumps and tanks in the world will be of little use.

A groundwater dam is one of the multiple water sources available to the
BBCDC campus. Photo: BBCDC.

Creating water storage to halt or slow down overland water flows is
essential, because good moisture infiltration takes time. In regions
of chronic degradation, water is a destructive force because the
natural collection system provided by living plants has been
destroyed. An aggressive strategy of water collection is, therefore,
an important first step in the rehabilitation of degraded land.

Restoration ecology and the community

This approach was proactive, beneficial and direct. The 1997,
the programme went on to build on these successes and began to
promote the fencing of home gardens and orchards. More cooperators from the village of Ha Teboho joined the programme
and two years later the programme was extended to another
three villages. By 2002, BBCDC was working with six villages
in the Phamong Valley.

BBCDC’s work with local communities has been successful
because the local communities recognise the risks and
consequences of existing practices and have actively participated
in the process of rehabilitation. While development agencies,
extension services and participatory learning and action (PLA)
methods help, they are no substitute for communities that are
eager to learn, innovative and open to change. BBCDC made
progress because its interventions were based on a commitment
to create a culture of learning and innovation in which local
communities felt a sense of ownership in the improved systems
they were working to develop and maintain.
■
We wish to thank the local community for its enthusiastic
support along with Helvetas, the Swiss Association for
International Cooperation, and Ireland Aid in Lesotho for
supporting programs and capacity building at BBCDC.
Ivan Yaholnitsky. Managing Director, Bethel Business and Community
Development Centre. P.O. Box 53, Mt. Moorosi 750, Lesotho.
Email: bbcdc@uuplus.com. Website http://www.lesoff.co.za/bbcdc
Reference
- Yaholnitsky, I.D., 2002. Water: A precious resource in arid environments.
Bethel Business and Community Development Centre, 2002.
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As the capacity of BBCDC has grown, it has been able to increase
its outreach activities in the surrounding community. In June
1996, BBCDC began a two-year “landscape design” extension
programme with drought mitigation funds from the European
Union. In the first year, BBCDC formed a partnership programme
in the village of Ha Teboho with a number of families that
volunteered to take part. Individual homesteads were swaled and
gardens were terraced. The programme provided for the
transportation of stones for constructing terraces, surveying, fruit
trees and hand tools. Money was also provided to run workshops
on surveying, land degradation, composting, and horticulture.
These workshops were learner-centred and participatory and
included discussions, presentations, fieldwork, skill building,
group work, planning exercises and site visits. The local
community responded enthusiastically.
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Cisterns are vital to
people in areas
where no other
source of fresh
water is available.
This one from NW
Egypt is supporting
people, livestock
and home gardens.
Photo: Theib Oweis.

Farming where there’s no water
Theib Y. Oweis and Ahmed Y. Hachum

The drier environments of the West Asia and North Africa
(WANA) region, called albadia, are characterised by extreme
water scarcity, degraded lands and declining livelihoods. These
areas have a fragile natural resource base, with very low rainfall
and poor vegetation cover. Without appropriate interventions,
albadia environment will continue to deteriorate and can
generate very few benefits for its already poor population. This
article presents three cases of interventions that have successfully
improved living conditions in this extreme environment.
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Background
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The climate in albadia is extreme, with cold winters and very
hot summers. Rainfall, the main source of fresh water, ranges
from 50 to 250 mm annually, and is highly variable both in time
and space. It falls in sporadic and intensive storms and causes
substantial runoff. As a result, a crust is usually formed on the
soil surface and this limits infiltration and intensifies runoff.
Runoff water generally flows to salt sinks where it is lost to
evaporation. It causes soil erosion and further land degradation.
Land tenure in albadia is a major constraint to development and
varies from one country to the other. In Syria, albadia are
largely public lands, but other forms of land tenure also exist,
such as rented and private land ownership. Most of albadia in
Jordan is private tribal land. Due to lack of appropriate land
tenure systems in these countries, communal land is used as
common property, where overgrazing is a common practice and
little attention is given to sustainability.

In recent years, traditional migratory pastoralist communities
have gradually been transformed into more sedentary
communities. The change in lifestyle has resulted in a decline in
the traditional, communally managed rangeland system. It has
also put pressure on adjacent lands and there is an increasing
demand for water for sanitation, home gardens, and
supplemental irrigation for subsistence agricultural production.
Where groundwater is available, some marginal grazing lands
are even used for conventional agriculture.
Albadia in Syria and Jordan have traditionally supplied most
of the meat and milk products for these countries. Increasing
consumer demand for sheep, meat and milk in combination with
rapid population growth and inappropriate government policies
have stimulated the growth of the sheep population. This means
that more feed is now required than albadia can sustainably
produce. Mismanagement has resulted in land degradation, a
decline in biodiversity and increasingly insecure livelihoods.
Albadia still has a much higher potential than its current output.
Proper management of available natural resources would help
improve people’s livelihoods and reverse land degradation.
Indigenous practices of rainwater harvesting provide a sound
basis for improved resource management. Moreover, innovative
techniques of water harvesting built on traditional knowledge can
reduce cost and provide people with tools for improving the
rangelands as well as their income and livelihoods. Following are
three examples of interventions that build on traditional
technologies.

Contour bunds and ridges
Mehasseh is a very dry area in southern Syria. It has a mean
annual rainfall of less than 150 mm. Vegetation cover is poor
and land degradation due to overgrazing is a major problem. In
1995, a water-harvesting project based on traditional
technologies of contour bunds and ridges was started, with the
objective of improving land management and the livelihoods of
the people living in the area.
Half a metre high contour bunds or ridges were constructed
along the contour lines some 5 to 20 metres apart. The first metre
along the upper side of the ridge is allocated for cultivation, and
the remaining area between the bunds make up the catchment.
Contour ridges are one of the most important techniques for
supporting regeneration and new plantations of forages, grasses
and hardy trees on the gentle to steep slopes in albadia.
The key to the success of these systems is to locate the ridge as
precisely as possible along the contour line. Otherwise, water
will flow along the ridge, accumulate at the lowest point, and
eventually break through and destroy the whole down-slope
system. Surveying instruments suitable for small-scale farmers
can be used for contouring. The simplest method is a
transparent, flexible tube 10 to 20 m long, fixed on two scaled
poles. The tube is filled with water so that the two water levels
are clear on the scale. Two people can trace the contour by
adjusting the position of one of the poles so that their water
levels are the same.

surrounded by low earth bunds. They are oriented along the
slope so that runoff flows to the lowest corner, where the plant is
placed. The usual grid size is 50 to 200 square metres. They can
be constructed on any gradient. They are most suitable for
growing trees but can also be used for other crops. When they
are used for trees, the soil should be deep enough (over one
metre) to hold sufficient water to sustain the plant for the whole
dry season.
The arid land of Jordan receives about 160 mm of rainfall
annually. No economic crop can be grown with this amount of
rainfall, and farmers in the area depend on livestock and other
forms of agriculture using a steadily decreasing amount of
groundwater. In 1987, a project was launched to diversify
farmer’s production by introducing tree crops in combination
with water harvesting. The introduction of the negarim system
to support fruit trees was a great success. Plots of 50 to 100 m2
were constructed on deep soils and almonds and olive trees were
planted in the winter season. Polymers were added to the
planting pit of the tree in order to increase the water storage
capacity of the soil, so that enough water is kept for the long dry
summer. All trees planted survived and grew satisfactorily over
the seasons and are still growing. The production was so
satisfactory that farmers started adopting the technology.
Generally, they were successful, but some problems emerged.
These were usually associated with the selection of land, for
example if the soil was not deep enough, or the species used was
sensitive to drought. It is important that the location and crops
are properly selected for this technology to be successful.

To avoid contouring difficulties, an alternative is to develop
smaller semi-circular and trapezoidal bunds in staggered rows
across the slope. Earthen bunds in the shape of a semi-circle, a
crescent, or a trapezoid are formed facing directly upslope.
Spacing should allow a sufficient catchment area so that each
bund can collect the required runoff water. Water accumulates at
the lowest spot on the upper side of the bund, where plants are
grown. Cutting the soil to form the bund creates a slight
depression directly above the bund. Runoff is intercepted in this
depression and stored in the plant root zone. The distance
between the two ends of each bund varies between 1 and 8
metres, and the bunds are between 30 and 50 cm high. These
bunds are used mainly for the rehabilitation of rangeland and
fodder production but they are also used for growing trees,
shrubs and field crops.

The project was considered a breakthrough in this fragile
environment. It now forms the basis for a national project based
on this low cost technology.

Small runoff basins for fruit trees in Jordan,
This technique is sometimes called negarim. The runoff basins
consist of small diamond- or rectangular-shaped grid plots, each

Semi-circular bunds in the Syrian badia after a rainstorm.
Photo: Theib Oweis.

Cisterns in north western Egypt
Cisterns are an ancient and indigenous rainwater harvesting
system, used mainly for supplying human and animal water
needs in water-scarce areas. They are usually subsurface
reservoirs, with a capacity ranging from 10 to 500 m3. In many
areas, for example in Jordan and Syria, they are small and dug
into the rock. In north western Egypt, however, farmers dig large
cisterns (200–300 m3) in the earth deposits underneath a layer of
solid rock. Water is used not only for human and animal needs
but also for growing cash crops in home gardens. The rock layer
forms the ceiling of the cistern and the walls are sealed with
plaster. Modern concrete cisterns are now being constructed in
places where there is no rocky layer.
Along the north west coast of Egypt where there is an average
annual rainfall of about 150 mm, there is no other source of
freshwater. Runoff resulting from a few major rainstorms in
winter is directed into cisterns from adjacent catchments, or
through channels from remote areas. The runoff from the first
rainfall event of a season is usually diverted away from the
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In Mehasseh, a comparative trial was carried out on two adjacent
areas. Both areas were planted with Atriplex (Atriplex halimus)
shrubs. Water harvesting bunds were built on one site, and an
adjacent field without water harvesting bunds was used as a
control. In 1997, there was 160 mm of rain. On the site with
bunds, runoff accumulated on the upper side of the bunds and
was harvested. On the site without bunds, water flowed
downstream to salt sinks and was lost. The bushes planted in the
field with bunds had a survival rate of over 90 percent, whereas
the survival rate for the untreated site was less than 10 percent.
The next three years were very dry, with an annual rainfall of
less than 60 mm. The few surviving shrubs on the site without
bunds died during the first year of drought. The shrubs
supported with water harvesting bunds survived the three
consecutive years of drought and are still growing vigorously.
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cistern to reduce the likelihood of pollution. Settling basins are
usually provided at the cistern entry points to reduce the
sediment inflow. In addition, farmers clean the cisterns once
every year or two. A bucket and a rope are typically used to lift
water. However, there are several problems associated with
using the cisterns including the extent of the catchment area,
the capacity of the reservoir, the cost of construction and
maintenance and the low water use efficiency in agriculture.
A project was started in the area to overcome these problems
by providing technical and financial support to the local
communities in order to improve the management of these
systems. Three interventions were found to substantially
improve the efficiency:
• Clearing, cleaning and smoothening the catchment area
improved the collection efficiency and water quality
significantly.
• The cistern’s seasonal water capacity was more than tripled
through efficient management, without increasing the actual
size or cost. Hydrological studies showed that the cistern
could be re-filled at least three times during the rainy season
and before the last storm of the season, which would fill it for
the summer. Farmers were encouraged to use the water from
the first and second filling for agriculture and to preserve the
third filling for human and animal consumption during the
summer. The availability of manual pumps and low cost pipes
helped to make the task easier.
• The water use efficiency was improved by providing a small
kit of materials and introducing a few changes in the
agricultural production system at the home garden level. For
example, placing high value crops such as seedlings and
vegetables in plastic houses became popular and provided
additional income to the farmers without requiring much
additional water.

Implementation and management
Micro-catchment systems such as contour bunds and ridges and
runoff basins are usually within the boundaries of individual
farms. This is a simple and low-cost approach, although farmers
may experience some difficulty with elements that require
precision, such as following contour lines or determining
maximum slope. The community should be involved in
implementing water-harvesting systems. It is especially important
that the community is involved right from the planning stages of
any programme.
New systems should be inspected often, especially during the
first one or two rainy seasons. Micro-catchment systems should
be inspected after every runoff-producing rainstorm so that any
minor break in bunds can be promptly repaired. Special
attention should be paid to earthen dikes and bunds, water
storage facilities and their spillway, and diversion structures.
Treated catchments and water harvesting structures should be
protected against damage by grazing animals. Silt and rubbish
should be removed from the catchment area, from the harvested
water and from storage facilities.
These experiences, and many others, show that the productivity
of rainwater in the drier environments can be substantially
increased when appropriate water harvesting techniques are
implemented.
■
Theib Y. Oweis and Ahmed Y. Hachum. International Center for Agricultural
research in the Dry Areas (ICARDA), Aleppo, Syria.
References
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- Oweis, T, Prinz, D and Hachum, A., 2001. Water Harvesting: Indigenous
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Although the cisterns of Egypt are a very special water
harvesting system, the case illustrates the importance of careful

water management very clearly. With careful management,
harvested water can be efficiently used and the impact of the
harvested water can be substantially increased.
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A typical family living in Albadia. This is in northen Syria in an area called Khanaser. Photo: Theib Oweis.

Flood Control in Taiwan

A typical retention pond in the upper reaches of a watershed. Photo: Author.

K.F. Andrew Lo

Taiwan is a mountainous island country, often confronted with
floods and droughts. Torrential typhoons are responsible for an
annual rainfall of some 2500 mm, which often leads to massive
soil movement, concentrated runoff and large peak flows that
cause a lot of damage downstream. Efforts to control these floods
have focused on controlling the water flow at the bottom of the
watershed using large and costly engineering structures. In the
Wudu watershed area, however, a different approach has been
tried. Small-scale water harvesting structures have been installed
in the upper reaches of the watershed in order to reduce the runoff.

The case of the Wudu watershed
In the Keelung River Basin, Wudu watershed, a low impact
development concept was integrated into the flood protection
programme with the aim of reducing the flood hazard down
stream.

The infiltration enhancement structures and retardation ponds
will intercept large volumes of runoff, but a large amount of
sediment is also delivered with the water. As the sediment will
rapidly reduce the capacity of the infiltration structures, some
changes in land use are necessary. For example, providing forest
cover around the structures can reduce runoff volumes by up to
50 percent. Sediment reduction is even more significant and can
reach as much as 95 percent. This result shows that proper land
use and soil conservation measures are essential to ensure
maximum runoff interception and minimum sediment load
reaching the retardation structures.

In Taiwan, the upstream parts of a watershed are usually
government owned and often forested. In heavily populated
cities located in the downstream river basin areas, acquiring land
for public infrastructure becomes increasingly difficult as
property values rise. Upstream runoff retardation measures are
the most feasible flood mitigation solution for future urban
storm water management.

Lessons learnt
In rainfall-abundant watersheds with steep terrain, torrential
rainstorms often result in accelerated soil erosion and runoff,
causing irreversible damages downstream. Storm water
collection using small infiltration enhancement structures and
retention ponds has proven to be extremely effective in runoff
reduction and flood control. Storm water is controlled in the
upstream parts of the watershed, along with the disaster-bearing
sediment load. Although small-scale runoff retardation facilities
may not be able to prevent large storm runoff events, they may
reduce the problem considerably. Besides flood control benefits,
increased infiltration and runoff storage will increase the
availability of water resources.
■
K.F. Andrew Lo. President, International Rainwater Catchment Systems Association
(IRCSA). Department of Natural Resources, Chinese Culture University, Taipei,
Taiwan. Email: ufab0043@ms5.hinet.net
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Scattered small-scale runoff retarding structures such as pits,
pools, farm ponds and dugouts were installed throughout the
watershed to promote the infiltration of runoff water. The runoff
retardation structures installed in the upper and middle reaches
of the watershed proved to be very effective in reducing the
flood burden downstream. With a conventional check dam
constructed down stream, a flood peak reduction of 20 percent
could be expected. With small-scale retarding structures
installed throughout the watershed, a flood peak reduction of
30 percent was achieved at considerably lower cost.

The collection of runoff upstream will increase the availability of
water resources for farmers downstream. This water can be used
for irrigation, livestock, aquaculture, the introduction of high
yielding cash crops or the reclamation of wastelands. It also
provides other indirect benefits. These include depressing flood
peaks, diminishing soil erosion, providing large sediment storage
space, and improving the operation of reservoirs and channels.
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Growing rice on raised beds
Donald E. Van Cooten and Andrew K. Borrell

Rice farmers in Eastern Indonesia are facing an uncertain future.
The area is characterised by a monsoon rainfall pattern, but the
wet season is often short and unreliable. Periods of intense rain
often cause waterlogging and flooding and can be followed by
periods of two weeks or more when no rain falls. Because of
this, rice crops fail much too often.
Permanent raised beds are a potential alternative to present rice
growing systems. By using water more efficiently, the risk of
crop failure may be reduced. In addition, other crops can be
grown on the same plots in rotation with the rice, creating a
more diverse and secure system.

of years. Crops like cassava, maize, pigeon pea, and pumpkins
do not need as much water as rice. They are grown on the
hillsides because the more fertile lowland areas waterlog in the
wet season. However, yields from these slash and burn gardens
are limited by a lack of rain, poor soils, weeds and erosion. An
increasing population has meant that farmers have to return to
the same plot of land too soon, and the fallow period is not long
enough to restore soil fertility. To reduce the risk of crop failure,
farmers may cultivate three or four swidden gardens with
distances of 5 to 10 km between gardens. This increases the
chance that at least one field receives enough rain at the right
time for a successful harvest, but it also increases the labour and
time required to walk between these gardens.
Flooded rice (Oryza sativa) is grown in the valleys. Large
amounts of water are needed and yields are very vulnerable to
water shortages. If there is not enough water at the beginning of
the wet season, land preparation can be delayed. If there is not
enough water while the crop is growing, yields can be low or
even fail completely. If the wet season ends too early and the rice
plants have not yet filled the grain, the grains can be empty or
only partly filled at harvest time.

Crops other than rice can be grown on raised beds in the wet season.
Photo: Author.

Permanent raised beds
The idea of growing crops on raised beds is nothing new to
Indonesian farmers. In many parts of Indonesia after harvesting
rice, farmers plant vegetables on raised beds so that they can be
irrigated from the furrows without the risk of water logging.
Each season, a lot of work is put into creating these beds after
the rice has been harvested only to destroy them again in order
to flood the following rice crop.
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On the island of Java, farmers use a similar system, called
Surjan, which combines upland crops and rice in one field. The
system is established by moving the soil from one half of the
field and placing it on the other half to form raised fields. Rice
is grown on the low part and upland crops on the raised part.
This system allows farmers to grow crops other than rice in the
wet season. However, a lot of work is required and the soil needs
to be deep enough to establish the system.
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A major breakthrough came with the discovery that rice does
not need to be flooded to grow well (this is also an important
concept in the Systems of Rice Intensification (SRI) approach,
see LEISA Newsletter Vol 16.4 p 12). Experiments with
permanent raised beds have shown that flooded rice varieties
can produce similar yields on permanent raised beds as in
flooded paddies, while using much less water.

Trials in West Timor
In West Timor, upland crops are traditionally grown in swidden
gardens on the hillsides in a slash-and-burn system, and flooded
rice is grown in the valleys in the wet season. In recent years,
however, both these systems have come under pressure and no
longer provide food security.
Swidden gardens have been cultivated in the area for hundreds

During the 1998-1999 wet season an on-farm experiment was
conducted in the village of Oenesu in West Timor. Five hectares
were developed with a combination of small and large raised
beds (see Box). Traditional upland intercrops and fodder species
were planted on the large beds. Soybeans and rice (Oryza sativa)
were planted on the small beds.
In the wet season, the rice and upland crops planted on the raised
beds utilise the available rainfall. In the dry season, if irrigation
water is available, it can be supplied to the furrows at a constant
rate, maintaining the water level about 0.1 metre below the bed
surface. An alternative to this system is to supply water at
regular intervals, for example twice weekly, to rice grown on
raised beds within bunded fields. If there is no water available
for irrigation after harvesting the wet season crops, droughtresistant crops like sorghum, pigeon pea and cassava, or quickmaturing crops, like mung beans and millet can be planted and
left to grow on the moisture stored in the soil.

Two types of raised bed
Small beds: Small beds are at least 30cm high from the bottom of the
furrow to the top of the bed. They can be 60cm to 1.5m wide, depending on
the soil type. These beds are suited to the cultivation of lowland rice and
soybeans in the wet season. These crops do not need very much soil above
the water in the furrows to grow well.
Large beds: Large beds are at least 2m wide and at least 50cm from the
bottom of the furrow to the top of the bed. They are suited to the cultivation
of upland crops, fodder grasses and trees, as these plants need a greater
volume of soil above the waterline to grow well in the wet season. Large
beds can be formed around the field boundary. They can also be formed at
regular intervals in the field to prevent the small beds being washed away
during heavy rain.

The rice on these beds gave a similar yield to the traditional
rainfed flooded system. Grain yields were 1.5 to 2 ton/ha,
including the furrows. The farmers had never seen soybeans
grown in the wet season before. They thought that only rice

would grow in the wet season. But the most outstanding result
was that the yield of the intercrops was so great that they had to
get people from the next village to help them harvest it. They
had never had such a bountiful harvest. The beds are permanent
so the farmers can use them each year.

Potential benefits
Earlier planting
A major constraint to wet season rice in Eastern Indonesia is
delayed planting when there is not enough rain to puddle the soil
before sowing. If planting is delayed at the start of the season, the
crop is likely to experience drought at the end of the season. On
permanent raised beds, water is not needed to puddle the soil
before sowing. Rice seed is sown into the top of the beds at the
beginning of the wet season in the same way as upland rice.
More efficient water use
While the rice is growing, water is stored in the furrows to
reduce evaporation and seepage through the soil. Permanent
raised beds also provide excellent drainage during heavy
rainfall. Furrows between raised beds and on-farm dams can
capture water without causing water logging. This means there
is more water available to the crop during dry periods. After
harvesting the rice, drought-resistant crops like sorghum, pigeon
pea and cassava, or quick-maturing crops, like mung beans and
millet can be planted and left to grow on the moisture stored in
the soil.

Dry (aerobic) soil

Wet soil

Excess water
is drained off
in the furrows

Waterlogged (anaerobic) soil

Less walking
Growing rice and upland crops on raised beds enables upland
swidden gardening and rice cultivation to be combined in one
field. More efficient use of water on the permanent raised beds
means that widely dispersed gardens are no longer necessary.
Greater flexibility
Raised beds give farmers the flexibility to choose between a
variety of crops at short notice, because no pre-season or cropspecific land preparation is necessary.

Important considerations
A major limitation to implementing a raised bed system is the
initial labour required. Extra labour is needed to till the soil and
form the beds during the dry season. Drains also need to be dug so
that the excess water does not wash the beds away. Organisations
that have expertise and access to credit need to work with farmer
groups to implement the system. Although the initial inputs are
high, the total yields from the system are higher than rainfed,
flooded rice and farmers save labour in subsequent years. It should,
therefore, be possible to repay initial inputs within a few years.
To plan a balanced, low-external input system it is important to
consider environmental factors such as the species to be used,
soils, and crop rotations. The on-farm trials showed that rice
grown on raised beds can yield the same as rice grown in
flooded conditions. However, other rice varieties, for example,
traditional upland rice varieties that can withstand periods of
water stress, may be better suited to the raised bed system.
Permanent raised beds are suited to areas where water is limited
but, because of the high clay content of the soil, crops become
easily waterlogged when it rains. Soils that are rocky, shallow or
do not hold their shape, are not suitable. Factors such as fertility,
organic matter content and pest and disease control should be
taken into careful consideration when planning crop rotations.
Growing rice on permanent raised beds is still a relatively new
technology. The many different factors that contribute to its
success or failure have not yet been fully defined, and many
factors, such as soil type, are locally specific. Therefore, it is
important to first try the raised beds in a small area. The beds
can easily be introduced in stages, for example, by first building
wide bunds around the rice fields that can be planted with
upland crops, to reduce the risk of failure.
■
Donald E. Van Cooten. Service Fellowship International, PO Box 143,
Sanderson 0813, Australia. Email: dvc@worldmail.org
Andrew K. Borrell. Hermitage Research Station, Department of Primary Industries,
Warwick, Qld 4370, Australia.
References
- Borrell, A.K., Garside, A.L. and Fukai, S. 1997. Improving efficiency of water use
for irrigated rice in a semi-arid tropical environment. Field Crops Research, 52,
231-48.
- Borrell, A.K., Kelly, R.M. and Van Cooten, D.E. 1998. Improving management of
rice in semi-arid eastern Indonesia: responses to irrigation, plant type and
nitrogen. Australian Journal of Experimental Agriculture, 38, 261-71.
- Borrell, A.K. and Van Cooten, D.E. 2001. Improving water-use efficiency in ricebased cropping systems by utilising permanent raised beds. ACIAR Proceedings
No. 101, Canberra, pp. 96-106.
- Van Cooten, D.E. 2002. Permanent raised bed cropping in the semiarid tropics:
A farmer’s guide. Kingdom Kookas Publishing, Darwin, Australia.
- Van Cooten, D.E. and Borrell, A.K. 1999. Enhancing food security in semi-arid
eastern Indonesia through permanent raised-bed cropping: a review. Australian
Journal of Experimental Agriculture, 39, 1035-1046.

LEISA MAGAZINE . JUNE 2003

Diversification
Raised beds enable farmers to grow a range of crops in the same
field. Various traditional intercrops have been successfully
grown on raised beds. A combination of grain, legume, tuber,
fodder and fruit species can be grown in the wet season and,
more importantly, the total yield and the nutritional value of this
combination is far greater than that achieved with rice
monoculture. Crops are harvested over a long period, so that
food is available throughout the year. The eroded upland
cropping areas can be reforested with a range of perennial
species to provide food, fodder, firewood, building materials and
medicines, since the basic food and cash crop requirements of
subsistence farmers can be met from intensive lowland
production on permanent raised beds.

Crop rotation
Crops can be rotated to control weeds, to reduce the build up of
pests and diseases and to reduce the need for external inputs.
Including legumes such as soybeans in the crop rotation can help
fix nitrogen and reduces reliance on inorganic fertilisers.
Incorporating the crop residues can also improve the organic
matter content of the soil.
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Water harvesting and soil moisture retention
by Anschuetz J et al. 1997. Agrodok Series 13, 92p. Price: Euro 8.25.
Available from: Agromisa, PO Box 41, 6700 AA Wageningen,
The Netherlands and the Technical Centre for Agricultural and Rural
Cooperation (CTA), PO Box 380, 6700 AJ Wageningen, The Netherlands.
Email: cta@cta.int
This practical booklet, part of the Agrodok series, describes
how rainfall and runoff water can be used to greater effect in
agriculture. Many techniques are described briefly and clearly.
The water-harvesting techniques covered in this booklet are
particularly relevant for arid and semi-arid areas and the
section on soil moisture retention contains information
valuable for sub-humid regions. (IHG)
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The rainwater harvesting CD

by Agarwal A. & Narain S. 1999. International Institute for Environment
and Development (IIED), IIED Gatekeeper series, 20p. ISSN 1357 9258,
SA87. Available from: IIED 3 Endsleigh Street, London WC1H 0DD, UK.
Email: sustag@iied.org
This advocacy booklet about water harvesting in India provides
arguments and examples of successful rainwater harvesting
experiences. India only uses a small part of its water. It
currently faces a water crisis, despite being one of the wettest
countries in the world. Reviving rainwater-harvesting systems
can restore ecosystems and contribute to rural development.
The authors argue that the only way this can be done is to
deepen systems of participatory democracy and expand
participation at the village-level as much as possible. (WR)

by Hartung H 2002. The Technical Centre for
Agricultural and Rural Co-operation (CTA);
CD-Rom; ISBN 3 8236 1384 7. Available from:
CTA, PO Box 380, 6700 AJ Wageningen,
The Netherlands. Email: cta@cta.nl
Rainwater catchment systems have a long
history that stretches back thousands of
years in many parts of the world.
Recently, increasing attention has been
given to the importance of rainwater collection in rural areas.
Programmes on harvesting rainwater focus on securing water
for domestic use and agriculture, preventing floods, and
protecting communities from the effects of drought. This
CD-Rom contains reports from a selection of projects, together
with many background documentation and case studies,
including a CTA study visit to Kenya in 2000. The documents
section contains selected articles from the magazine
“Waterlines” and the proceedings of the 1999 and 2001
rainwater harvesting conferences. With this CD-Rom, CTA
sets out to contribute to the growing body of literature on
rainwater harvesting, which, hopefully, will help make it
unnecessary for “any single village in any single part of the
world to remain short of drinking water”. (WR)

Making water everybody’s business: practice and policy
of water harvesting by Agarwal A, Narain S & Khurana I (eds.) 2001.

Water harvesting: indigenous knowledge for the future
of the drier environments by Oweis T, Prinz D, Hachum A. 2001.

Centre for Science and Environment (CSE), 456p. Available from:
CSE, 41 Tughlakabad Institutional Area, New Delhi 110062, India.
Email: cse@cseindia.org; www.cseindia.org
After the enormous success of “Dying wisdom: rise, fall and
potential of India’s traditional water harvesting system, The
state of India’s Environment, Fourth citizens’ report” (1997),
that gave a detailed account of India’s
traditional water harvesting systems, CSE has
published this impressive new book. It
continues the work begun in “Dying wisdom”
and goes on to describe new examples of
traditional rural water harvesting systems. It
also gives many examples of communities
that have undertaken water-harvesting
programmes in recent years, including
examples of water harvesting from outside
India. Urban water harvesting programmes
and new technologies for safeguarding the
quantity and quality of water are also
discussed. A central argument is that it is not simply low
rainfall that causes water shortages, but a heavy reliance on
surface and groundwater. It is here that the revival of
traditional water harvesting systems becomes important.
Another issue dealt with in the book is the tendency to see the
government as being responsible for providing water. The
authors argue that communities must take water management
into their own hands and become involved in the provision and
protection of water resources. (IHG)

Available from: International Center for Agricultural Research in the Dry
Areas (ICARDA), 36 p, ISBN 92 9127 116 0, US$7. Available from:
ICARDA, PO Box 5466, Aleppo, Syria. Email: icarda@cgiar.org;
www.icarda.cgiar.org.
This publication brings together knowledge and experience of
water harvesting gained by ICARDA, national research
groups, and advanced institutions over the years and presents
them in non-technical language. It emphasises the techniques
most suitable for the steppe areas of West Asia and North
Africa and discusses some of the principals that apply to
drylands everywhere.

Making water management everybody’s business:
water harvesting and rural development in India
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international journal that deals with developments in low-cost
sustainable water supply and sanitation in the South. It is
written for professionals, project managers, policy makers,
trainers and field workers.

Waterlines: International Journal of Appropriate
Technologies for Water Supply and Sanitation ITDG
Publishing. Available from ITDG, 103-105 Southampton Row, London
WC1B 4HL, UK. Email: itpubs@itpubs.org.uk; www.itdgpublishing.org.uk
This quarterly journal published by ITDG is the only

Keep it working: a field manual to support community
management of water supplies by Bolt E, Fonseca C, 2001,
International Water and Sanitation Centre (IRC), IRC Technical Paper
Series 36, 172 p, ISBN 90 6687 030 3, Euro 24. Available from:
IRC, PO Box 2869, 2601 CW Delft, The Netherlands.
Email: farmer-water-training@fao.org; publications-sales@fao.org;
www.irc.nl
This useful manual is written for staff working directly with
communities to help them establish or improve water supply
management. Governments cannot and should not manage all
rural water supply systems. Rather they should create an
enabling environment in which communities can manage their
own systems either alone or in partnership. Communities are
the ones who are most aware of the nature of local demand,
possible conflicts and the water resources available. They are
also ones who are best able to judge the extent to which the
various users will be able to contribute to operation and
maintenance activities. The first section of this manual
contains 20 fact sheets related to the different elements of
sustainable water management. The 29 participatory tools
described in the second part of the manual are designed to
facilitate communication and community-based decision-

making processes. The manual also provides 16 checklists that
can be used to assess things like the way the water supply
system works or cost recovery in operation and maintenance
activities. There are clear links between the different parts of
the manual. This makes it easy to use at community level. It
also contains useful addresses, references, websites and
discussion lists. “Keep it working” is one of a series of IRC
publications on community water supply management and is
also available in Spanish. IRC has more interesting
information on its web site: www.irc.nl/manage (WR)

Water-wise rice production by Bouman BAM, Hengsdijk H, Hardy
B, Bindraban PS, Tuong TP, Ladha JK(eds.) 2001. Proceedings of the
International Workshop on Water-wise rice production, 8-11 April 2002,
Los Banõs, Philippines. 356p. Available from: International Rice
Research Institute, DAPO Box 7777, Metro Manila, Philippines.
Email: irri@cgiar.org; www.irri.org
Together with Plant Research International of Wageningen
University and Research Centre (WUR-PRI, the Netherlands),
IRRI organised a thematic workshop on Water-wise Rice
Production from 8-11 April 2002 at IRRI, Los Banõs,
Phillipines. The objectives of the workshop were to present and
discuss the state of the art in the development, dissemination,
and adoption of water-saving technologies at spatial scales
ranging from field to irrigation system. 75 participants from
12 countries came together at the workshop, which resulted in
the creation of the International Platform for Saving Water in
Rice (IPSWAR; www.irri.org/ipswar/about_us/ipswar.htm).
The platform is intended as a mechanism to increase the
efficiency and coherence of research on water savings in ricebased cropping systems in Asia.

Water justice for all: global and local
resistance to the control and
commodification of water 2003, Friends of the
Earth International, Issue 102. Available from: Friends
of the Earth, PO Box 19199, 1000 GD Amsterdam,
The Netherlands. Email: info@foei.org; www.foei.org
Water justice is central to this brochure from
Friends of the Earth International. The
arguments and 15 case studies from all over
the world criticise the commercial approach to
water management of some international
organisations and governments. (WR)

The River Senegal: flood management and the future of
the valley by Adams A. 2000. International Institute for Environment

Participatory training and extension in farmers’ water
management 2001, FAO, Land and Water Digital Media Series 14;
CD-Rom; ISBN 92 5 104636 0. Available from: FAO, Viale delle Terme di
Caracalla 00100, Rome, Italy. Email: farmer-water-training@fao.org;
publications-sales@fao.org; www.fao.org
This CD-Rom provides guidelines, procedures and relevant

Atajados, su diseño y construcción by Tammes B, Villegas E,
& Guamán L. 2002, Plural Editores, ISBN 99905 62 41 5, US$ 8.
Available from: GTZ, FDC, KFW and Plural Editores, Rosendo
Gutiérrez 595, Casilla 5097, La Paz, Bolivia.
Email: plural@caoba.entelnet.bo
This is a manual about building an “Atajado”. Atajados
are small water reservoirs used in Bolivia to catch
rainwater. Water collected with this technology is used
for cattle, irrigation and domestic purpose. Recently
Atjados have been revived in the valleys of Bolivia and
this experience is the subject of the present manual.
The new Atajados are slightly larger than the
traditional ones and are often machine built. The
manual describes how they are designed, developed
and constructed. It also discusses how they can be used
and problems that might arise. The book is accompanied by a
diskette containing computer software to calculate soil removal
for the construction. Available in Spanish only. (WR)

Understanding farmers: explaining soil and water
conservation in Konso, Wolaita end Wello, Ethiopia
by Tesfaye Beshah, 2003, Erosion and Soil & Water Conservation Group,
Wageningen University and Research Center (WUR), 245 p.
ISBN 90 6754 691 7. Available from: WUR, Nieuwe Kanaal 11,
6709 PA Wageningen, The Netherlands. Email: office@SEC.TCT.WAU.nl;
www.dow.wau.nl/eswc
The study is also available in French “Documents sur la Gestion des
Ressources Tropicales” (Tropical Resource Management Papers)
ISSN 0926 9495 41.
This study deals with soil and water conservation behaviour
among farmers in Ethiopia and was carried out at farming
system, watershed, household, farm and plot levels. It provides
insights into how farmers have reacted to externally introduced
soil and water conservation technologies within and across
farming systems. Their responses were analysed in terms of
their knowledge and attitudes to soil erosion. The study
pinpoints the different ways that farmers and outsiders see the
problem of soil erosion, an element missing in most external
interventions. Understanding farmers is seen as the entry point
to promoting the sustainable management of natural resources.
Suggestions for improvement are
provided, based on study findings.
The author hopes that his study will
challenge research and development
and extension professionals in
Ethiopia. (WR)
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and Development (IIED), Drylands Programme, IIED Issue Paper No.93,
27p, ISSN 1357 9312. Available from: IIED, 3 Endsleigh Street, London
WC1H 0DD, UK.
This study by the IIED Dryland Programme describes the
management of the Senegal River valley and the agricultural
policy associated with it. The enormous investment made in
two dams has not brought the promised development. It has in
fact destroyed production systems that supported some degree
of balance in subsistence crop production. The farmers,
herdsmen and fishermen of the valley have had no part in the
decisions affecting their future and as a result agriculture in the
valley is in serious difficulties. (WR)

material for the development of a participatory training and
extension programme. It is aimed at technical staff, extension
workers and other stakeholders who are working with farmers
to take charge of water management at field and scheme level
and to help them adopt sustainable and appropriate water
technologies. The programme is particularly relevant to
irrigation management transfer programmes that help water
users’ associations to operate and maintain farmers’ irrigation
systems. It is also useful for smallholder irrigation
programmes involved in guiding farmers in the adoption of
efficient water control technologies. The interactive menus and
cross-references in the documents provide quick and easy
access to training guidelines, farmers’ training manuals and a
considerable amount of relevant training and audiovisual
material and web links. (WR)
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Sustainable agriculture, training of trainers:
a resource book 2002, International Institute of Rural
Reconstruction (IIRR), 351 p. ISBN 1 930261 055 US$ 20
(inclusive CD-Rom). Available from: IIRR, Y.C.James Yen
Center, Biga, Silang, Cavite, Philippines and ETC EcoCulture,
PO Box 64, 3830 AB Leusden, The Netherlands.
Email: Bookstore@iirr.org; www.iirr.org
This resource book is designed for trainers in
sustainable agriculture. It has been developed in
response to the need to increase the capacity of
sustainable agriculture training institutions to
impart and share sustainable agriculture concepts,
principles and experiences. It brings together
IIRR’s 40 years of training experience and the
results of a five-year Training of Trainers project
on sustainable agriculture. Produced in 2002, the
resource book and accompanying interactive CD
offer a complete set of materials, training session
guides, handouts and illustrations useful for
training on all aspects of sustainable agriculture.
The materials are also useful to those either
involved in or planning training programmes. The
resource book is divided into two parts. The first
part reflects on key considerations in sustainable
agriculture training, while the second part focuses
on training programme development and
management.

Bringing the food economy home: local
alternatives to global agribusiness
by Norberg-Hodge H, Merrifield T & Gorelick S. 2002,
Zed Books and the International Society for Ecology and
Culture (ISEC), Foxhole, Dartington, Devon TQ9 6EB, UK.
ISBN 1 84277 233 3. Email: zed@zedbooks.demon.co.uk;
www.isec.org.uk
This book shows how a shift towards local food
economies would protect and rebuild agricultural
diversity. It would give farmers a bigger share of
the money spent on food, and provide consumers
with healthier, fresher food at more affordable
prices. It would reduce transport, greenhouse gas
emissions, and the need for toxic agricultural
chemicals. It would lessen the need for storage,
packaging, refrigeration and artificial additives. It
would also help revitalise rural economies and
communities in both the industrialised and the
developing world. Because it benefits the farmer,
consumer and the economy as well as the
environment, local food is a powerful solutionmultiplier, one that we cannot afford to ignore.
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The environment and zero tillage
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by Saturnino HM, Landers JN (eds), 2002, APDC, SCLRN,
144 p. ISBN 85 865006 01 x. Available from: APDC,
712 Bloco C Loja 18, Brasilia, DF, Brasil Cep 70760-533
and FAO Viale delle Terme di Caracalla, 00100 Rome, Italy.
Email: apdc-DF@terra.com.br; www.fao.org
All over the world it is recognised that erosion is
responsible for the degradation of fertile soils,
water resources and biodiversity and has
undermined the economic viability of farms,
regions and whole countries. Zero tillage provides

an effective answer to these problems (see LEISA Magazine Vol 18.3). The
evolution of zero tillage is a story of farmer persistence and empowerment,
community resource management and farmer-private sector-government
partnerships, which have engendered a new philosophy for truly sustainable
agricultural systems at high production levels. Zero tillage is not just an
alternative planting method, it represents a change in agricultural thinking,
an approach that takes the whole system into consideration and focuses on
integrated crop rotations, the maintenance of surface residues with cover
crops, the integrated management of weeds, pests and diseases, rational
fertiliser practices, watershed management and other environmentally
sustainable practices. This handy well-illustrated booklet presents the
experiences of more than five million large- and small-scale Brazilian
farmers who have used this conservation method on more than 14 million
hectares. The booklet is not a practical handbook on zero tillage, but rather
presents a well-argued case for the approach. (CR)

Food and feed from Mucuna: current uses and the way forward.
Proceedings of an international workshop by Flores M & Eilittä M et al (eds),
2002, International Cover Crops Clearinghouse (CIDICCO), 411 p. ISBN 99926 24 02 7,
Available from: CIDICCO, PO Box 4443, Tegucigalpa, Honduras. Website: www.cidicco.hn
Mucuna, the Velvet bean, has been well researched and broadly promoted as
an alternative method of restoring and maintaining soil fertility in a wide
range of agro-ecological conditions in the Tropics. However, it has not been
widely adopted at farm level. The objective of the workshop was to intensify
efforts to encourage the introduction of Mucuna, assess the state of
knowledge on how Mucuna can be used for food and feed, identify
bottlenecks to its greater use as food and feed and make recommendations for
research and extension efforts. The report brings together workshop
contributions. It begins with an overview of Mucuna and the papers are
presented according to session: Mucuna as a food, Mucuna as a feed for
ruminants, and Mucuna as a feed for non-ruminants. The workshop
confirmed that Mucuna could contribute to the sustainability and productivity
of tropical smallholder farming. (WR)

Participatory monitoring and evaluation (PM&E) with pastoralists:
a review of experiences and annotated bibliography by Bayer W,
Waters-Bayer A, 2002, ETC and GTZ, 88 p. ISBN 3 8236 1309 X. GTZ, PO Box 5180,
65726 Eschborn, Germany. Website: www.gtz.de
This report reviews documented experiences on participatory monitoring
and evaluation with pastoralists and other livestock-keepers. It is divided
into two parts: an analytical assessment and an annotated bibliography. Key
websites for further information are given in an annex. The review refers to
many training reports, guides and plans for establishing participatory
monitoring and evaluation. There are not many examples of the actual
implementation of systems that give balanced attention to the concerns of
both pastoralists and other actors, and a number of reasons for this are
suggested. The report emphasises the importance of this kind of evaluation
for building the capacity of local people. (WR)

Ants as friends: improving your tree crops with weaver ants
by Van Mele P, & Cuc N.T.T, 2003, CABI Bioscience, 67 p. ISBN 958 97218 2,
Available from: CABI Bioscience, 6 Bakeham Lane, Egham, Surrey TW20 9TY, UK.
Email: CPM@cabi.org; www.cabi-bioscience.org
This manual teaches us how weaver ants can help farmers save money. It
provides practical tips for making optimal use of the beneficial weaver ant
in protecting fruit and other tree crops and is based on improved insights
into underlying ecological principles. In this colourful and attractive
manual, the authors have brought together a rich collection of scientific and
farmers’ knowledge. The authors have succeeded in writing a clear and
practical guide on how to make use of the weaver ant as a crop protector.
The manual will be particularly valuable for NGO workers, extension staff,
students and all those engaged in communicating science to farmers. (WR)

Visit our website: www.ileia.org

World Water Forum

UNESCO Water Portal

http://worldwaterforum.idrc.ca
Participants of the eight-day Third World Water
Forum made more than 100 new commitments on
water. This important event was held in Kyoto,
Shiga and Osaka, Japan, March 16-23, 2003.

http://www.unesco.org/water/
The UNESCO Water Portal is a gateway to information on freshwater
available on the World Wide Web. The site provides links to the current
UNESCO and UNESCO-led programmes on freshwater and will serve as
an interactive point for sharing, browsing and searching websites of waterrelated organisations, government bodies and NGOs, including a range of
categories such as water links, water events, learning modules and other online resources.

ADB Water for All
http://www.adb.org/Water/help.asp
The Asian Development Bank Water for All
website provides information on water policies
and case studies from different countries in Asia.
It also provides information on events and gives
references and links.

WCA InfoNET
http://www.wca-infonet.org
The WCA infoNET information system is a
growing database of information on water
conservation and use in agriculture. It was launched
to the public in August 2001 and is managed by the
International Programme for Technology and
Research in Irrigation and Drainage (IPTRID),
hosted by FAO. This site includes documents, data,
computer programs, discussion groups and links to
other relevant websites.

CSE rainwater harvesting
http://www.rainwaterharvesting.org
This rainwater harvesting website is an effort by
the Centre for Science and Environment (CSE)
India to provide targeted information and contacts
for researchers, planners, NGOs and journalists
on water issues. It provides practical information
from different parts of India on different aspects
of water harvesting, including technical
information and case studies.

Water Policy Briefings
http://www.iwmi.cgiar.org/waterpolicybriefing/
index.asp
The Water Policy Briefing series presents new
perspectives and solutions to water problems in
developing countries. Each briefing is based on
peer-reviewed research that challenges policy
makers and planners to think differently about the
way water is managed for agriculture. The series
has grown out of research conducted by the
IWMI-TATA Water Policy Program in India,
which recommends solutions to India’s water
crisis. It is now being expanded to provide more
general policy recommendations.

http://www.irc.nl/interwater/
InterWATER offers information about more than
650 organisations and networks in the water
supply and sanitation sector, mainly for
developing countries. You can search for an
organisation by name, acronym, location or
description. There is also a list of key
international organisations and UN organisations.
Each organisation has a short description, contact
details, e-mail and website address, and related
sites where applicable.

http://www.gwpforum.org/servlet/PSP
The Global Water Partnership is a working partnership among all those
involved in water management: government agencies, public institutions,
private companies, professional organisations, multilateral development
agencies and others committed to the Dublin-Rio principles. Today, this
comprehensive partnership actively identifies critical knowledge needs at
global, regional and national levels, helps design programs for meeting
these needs, and serves as a mechanism for building alliances and
exchanging information on integrated water resources management. The
mission of the Global Water Partnership is to “support countries in the
sustainable management of their water resources.”

International Institute for Land Reclamation and Improvement (ILRI)
http://www.ilri.nl
The core business of ILRI is to disseminate knowledge that will facilitate
the improved and sustainable management of land and water in developing
countries. ILRI undertakes applied research on the sustainable development
of irrigated agriculture. The results of ILRI’s research are published in the
series of ILRI publications and in papers, scientific journals, and
conference proceedings. ILRI has also been conducting annual postgraduate courses on irrigation and drainage for scientists and field
engineers in mid-career.

World Water Council
http://www.worldwatercouncil.org/
The World Water Council is an international water policy think tank,
dedicated to contribute to improved management of the world’s water
resources. The mission of the World Water Council is to promote awareness
and build political commitment on critical water issues at all levels,
including the highest decision-making level, to facilitate the efficient
conservation, protection, development, planning, management and use of
water in all its dimensions on an environmentally sustainable basis for the
benefit of all life on earth.

International Commission on Irrigation and Drainage
http://www.icid.org/
The International Commission on Irrigation and Drainage (ICID) is a NGO
based in New Delhi, India. The mission of ICID is to stimulate and promote
the development of agriculture in managing water and land resources for
irrigation, drainage, flood management and river training applications,
including research and development and capacity building for achieving
sustainable irrigated agriculture.

IRRISOFT Database on Irrigation and Hydrology Software
http://www.wiz.uni-kassel.de/kww/irrisoft/irrisoft_i.html#index
IRRISOFT is an Irrigation and Hydrology Software Database, which
provides information on irrigation and hydrology software and links to
servers containing the software packages and further information.
Numerous irrigation programmes, written by individuals or groups, are
available as public domain, shareware or commercial software. The
objective of IRRISOFT is to give an overview of the irrigation and
hydrology programmes available and to facilitate their retrieval and
distribution by opening up download facilities or by e-mail order through
the World Wide Web.
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InterWATER the gateway to water and
sanitation organizations all over the world

Global Water Partnership
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LEISA Magazines!!
Regional editors and ILEIA staff

In May this year, the editorial teams of all five LEISA Magazines
met together in the Netherlands for their international editors’
meeting. When the members of the teams from Africa, India,
Latin America, the Far East and Europe left, they all felt a strong
sense of common identity and purpose and a determination to
increase their capacity to ensure that the information, experiences
and the growing number of dynamic examples of LEISA in
practice will continue to be collected and published regularly.
Establishing new regional editions of the LEISA Magazine is
one of the key elements in the ILEIA programme 2002-2006. In
2001, the ILEIA Newsletter celebrated its seventeenth
anniversary and became the LEISA Magazine, a global quarterly
already supporting two regional magazines – LEISA India,
published by the AME Foundation in Bangalore, India, and
LEISA – Revista de Agroecologica, produced and distributed in
Latin America in the Spanish language.
In 2002, with more than 20,000 subscribers and supported by an
evaluation that strongly recommended the launching of new
regional editions by regional partner organisations, our donors
decided to support this development. Two new regional magazines
have already been launched and the ILEIA web site is being
developed into an easily accessible interactive platform, where
information on sustainable agriculture and LEISA approaches to
rural development can be collected and retrieved.
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The first of the new magazines – SALAM – appeared in Indonesia
in December 2002. Published by VECO Indonesia, and relying
upon their extensive network of collaborating partner
organisations, it drew together experiences of low external input
agriculture relevant to Indonesian farmers. SALAM was
exceptional in that it set out a new strategy. Its editors scoured the
ILEIA archives for articles relevant to the small-scale farmers of
the Indonesian archipelago and, having translated them into
Bahasa Indonesia, published them alongside articles they had
collected on Indonesian experiences of LEISA.
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In May 2003, the fifth LEISA magazine AGRIDAPE appeared in
the French language. Produced by IIED, Senegal, it focuses on
West and Central African French-speaking countries and is
supported by the Technical Centre for Agriculture and Rural
Cooperation (CTA). Launched at the recent meeting of the
Global Forum for Agricultural Research (GFAR) meeting in
Dakar, Senegal, it was seen by representatives of farmers’
organisations, NGOs and agricultural research institutes as a
breakthrough in the language barrier that makes exchange
between those involved in LEISA in English- and Frenchspeaking Africa difficult. Appropriately, some of the first
editions of AGRIDAPE will deal with topics of particular
concern to the dryland areas of West Africa: water harvesting,
access to scarce resources and the restoration of degraded lands.
It is clear that many regional experiences await publication and,
if the growing number of subscriptions is anything to go by,
AGRIDAPE is well on the way to becoming standard reading

amongst those concerned with agricultural sustainability and
environmental issues in the region.
Paulo Petersen of AS-PTA Brazil joined the LEISA editor’s
meeting to explore the possibility of establishing a Portuguese
language version of the LEISA Magazine. While his
contribution highlighted the political and economic specificity
of the Brazilian experiences with LEISA, it also illustrated that
farmers around the world have much in common when they
confront the consequences of the global agricultural crises. It
was the global dimension of LEISA that formed the theme of the
two study days organised for the editorial teams while they were
in the Netherlands and it this theme that will guide the
documentation, analysis and publication of experiences with
LEISA in the LEISA magazines in the coming four years.
The international editors’ meeting is held twice a year. The
following meeting will be held in Peru in 2004. For further
information on the proceedings of this meeting, themes of
forthcoming editions and other activities see www.ileia.org or
contact ileia@ileia.nl.

Issue 19.4, December 2003
Rehabilitation of degraded land
Developing economies, growing populations and intensified
agricultural practices have all contributed to increasing
pressure on land resources. Economic growth and intensified,
large scale production often leads to the most productive land
being used for larger commercial plantations, pushing small
farmers onto degraded lands. How can small-scale farmers go
about maintaining the land they depend on for survival and
increasing its productive potential? How can productive soils
be conserved in the face of increasing pressures, and how can
sodic, saline, eroded, or toxic soils be rehabilitated to a fertile
condition? This issue of LEISA will deal with practices that
contribute to maintaining productive soil and rehabilitating
land that has been degraded. Please contribute your
experiences, ideas and solutions!
Deadline for contributions is the 1st of September, 2003.
You are invited to contribute 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 by ILEIA.Authors of published articles are entitled to
a standard fee of US$ 75,–.

