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About SWMnet Working Papers, IMAWESA and this Publication
The Association for Strengthening Agricultural Research in East and Central Africa (ASARECA) is a
non-political organization of the national agricultural research systems (NARS) of ten countries:
Burundi, the Democratic Republic of Congo (DRC), Eritrea, Ethiopia, Kenya, Madagascar, Rwanda,
Sudan, United Republic of Tanzania and Uganda. ASARECA is implementing a strategy agreed
upon by its members across the 10 countries. The SWMnet Working Papers are designed to
record the process and outcomes of the consultations, workshops and other meetings being
facilitated by SWMnet in order to develop a strong community of practices in the region. The
documents are designed to solicit feedback on work in progress.
The Improved Management of Agricultural Water in Eastern and Southern Africa (IMAWESA)
project is designed to improve and strengthen the sharing of knowledge, information and best
practices emanating from field experiences in implementing development programmes in agricultural
water management. This is considered critical for enhanced programme design and implementation,
and for providing the substantive basis upon which to engage in policy dialogue. The main elements
of IMAWESA include; enhancing policy for agricultural water management (AWM), studies on key
water management issues, capacity building, exchange visits and workshops for programme
managers and their staff, as well building a community of practice in AWM through knowledge
sharing and networking. The project works directly in sample countries but its products cover 23
countries in the Eastern and Southern Africa Region, which include. Angola, Botswana, Burundi,
Comoros, Democratic Republic of Congo, Eritrea, Ethiopia, Kenya, Lesotho, Madagascar,
Malawi, Mauritius, Mozambique, Namibia, Rwanda, Seychelles, South Africa, Sudan, Swaziland,
United Republic of Tanzania, Uganda, Zambia and Zimbabwe.
This publication provides a compendium of 100 technologies, practices and approaches for
agricultural water management under smallholder agriculture in the ESA. Each intervention is
described in brief, the design specifications, and where in the region it may be found. The
references pertaining to each intervention are recorded at the end. Wherever possible, sketch
diagrams of some of the interventions have been provided. For this Working Paper, readers are
welcome to send their comments to b.mati@cgiar.org
Outline of this Working Paper
This publication contains an Executive Summary and five chapters. Chapter 1 introduces the
issues associated with agricultural water management in the ESA, Chapter 2 is the body of the
paper and contains the 100 AWM interventions for smallholder agriculture in the ESA. Chapter
3 is Conclusions and Recommendations, while Chapter 4 contains references. One Appendix
has been attached, which describes the IMAWESA project.
Acknowledgement:
SWMnet is a regional network of individuals and organizations under ASARECA. SWMnet is
currently running programmes supported by several organizations including, EU, DFID-NRSP,
IFAD and governments of participating countries. This particular publication is an output from a
project funded by the International Fund for Agricultural Development (IFAD). The views
expressed are not necessarily those of IFAD as the content is solely the responsibility of the author.
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Executive Summary
The water resources of Eastern and Southern Africa (ESA) are considerable and if managed more
effectively, they could make a substantial contribution to rural poverty reduction. Within the
region, major opportunities to increase food security and household incomes are being missed
because of inadequate management of agricultural water especially in rain-fed systems. Yet
evidence from the region shows that the technologies and approaches for agricultural water
management (AWM) are known and have been practiced in the region. However, this knowledge
is scattered in various places, publications and locations around the region, even though much has
been published. To bring it together, a study covering the ESA region was done to compile a
compendium of technologies, practices and approaches in agricultural water management in the
ESA region, in a one-stop-drop publication. The study utilized desk studies of literature and
material from libraries, CD-Roms and even the internet. This was backed by observations and
many years of research and practical field experience by the author in the region. The data thus
assembled was summarized into short captions about 150 words, and wherever possible, sketch
diagrams were also included.
This compendium contains 100 individual technologies and practices and this list is not
necessarily exhaustive. The data has been compiled with knowledge that holistic AWM is broad
and encompasses “all deliberate human actions designed to optimize the availability and utilization of water
for agricultural purposes. The source of water would include direct rain as well as water supplied from surface and
underground sources. AWM is therefore the management of all the water put into agriculture (crops, tree crops and
livestock) in the continuum from rainfed systems to irrigated agriculture. It includes agronomy, soil and water
conservation, rainwater harvesting, irrigation and drainage, interventions such as integrated watershed management
and all relevant aspects of management of water and land”. Thus, this compendium recognizes AWM to
include soil and water conservation, control of flooding, water harvesting, irrigation, soil fertility,
water storage structures and agronomic management. These technologies and practices can be
grouped into ten broad categories, which include; (i) soil and water conservation including
conservation tillage, (ii) utilization of valley bottoms (dambos), (iii) runoff harvesting from microcatchments and storage within the soil profile (iv) runoff diversion from larger external
catchments (with storage in soil profile), (v) runoff harvesting and storage in small ponds and
tanks, for use in supplemental irrigation, (vi) spate irrigation or flood farming, (vii) diversion of
stream flows and utilization in gravity fed smallholder irrigated fields, (viii) low-head and smallpowered water lifting from rivers, small ponds and shallow water tables, (ix) soil fertility
interventions, fertilizers, manures, mulches and low external input systems, and (x) agronomic
management. Since each technology/practice may serve several purposes, the 100 interventions
are presented arranged in alphabetical order in Chapter 2.
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1. Introduction
Agricultural water management (AWM) forms an important entry point, for tackling food
insecurity and rural poverty in Eastern and Southern Africa (ESA). This is because in many parts
of the region, the most pressing constraint to smallholder agriculture may not be access to land,
as much as access to water for crops and livestock. In recognition of this, the International Fund
for Agricultural Development (IFAD) has included among its four principal ‘thrusts’ actions
aimed at “improving access to and management of land and water” as one of the strategies towards
supporting poverty reduction and improving food production. Similarly, NEPAD’s
Comprehensive Africa Agriculture Development Programme (CAADP) has recommended
among others, “extending the area under sustainable land management and reliable water control systems,
especially small-scale water control, building up soil fertility and moisture holding capacity of agricultural soils and
expansion of irrigation” as one of three “Pillars” that can make the earliest difference to Africa’s
agricultural development. In this respect, management of water under smallholder agriculture is
the target of the Millennium Development Goals on hunger (Sanchez et al, 2005), and is seen as
one way of increasing food security and reducing poverty among poor people in sub-Saharan
Africa. It has been estimated that this will require developments in water for agriculture by at
least 10% of the potential, targeting improvements by 25% in water productivity of irrigated
agriculture alone by the year 2015 (Donkor, 2003). Both rainfed and fully irrigated systems are
expected to contribute to these improvements. The considerable opportunities for AWM in ESA
have not been well exploited, especially by smallholder farmers.
1.1.

Natural Resource Base in Eastern and Southern Africa

The ESA region (Figure 1) broadly covers 25 countries in eastern, central and southern Africa to
include Angola, Botswana, Burundi, Comoros, Democratic Republic of Congo, Djibouti, Eritrea,
Ethiopia, Kenya, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Rwanda,
Seychelles, South Africa, Somalia, Sudan, Swaziland, Tanzania, Uganda, Zambia and Zimbabwe.
The data provided (IFAD 2002) in this introductory chapter excludes the Democratic Republic
of Congo, Djibouti, Sudan, and Somalia. The ESA is a diverse region and compared to other
tropical and sub-tropical regions of the world, the natural resource base for agriculture is
relatively marginal. Mean annual rainfall ranges from less than 100 mm in desert zones to over
1500 in humid mountainous areas (FAO, 1993). In addition, the soils are generally highly
weathered, easily erodible and having little organic matter contents. With about 36% of the land
area in the ESA being desert, arid or semi-arid, poor resource base and climatic variability have
been blamed for the declining agricultural productivity and rural poverty. Furthermore, the dry
sub-humid climate zones include vast savannahs at varying altitudes, where rainfed cereal
production dominates. At altitudes 1000 m or more, the savannahs provide relatively cool
temperatures (for the tropics) allowing maize-based mixed farming systems. These take large
tracts of Angola, Kenya, Lesotho, Malawi, Mozambique, Swaziland, Tanzania, Zambia and
Zimbabwe. About 32% of the region’s poor people live in these maize-based systems. It is here
that declining soil fertility and poor investments in inputs and machinery, and lack of targeted
agricultural water management have seen agricultural production plunge down to subsistence
levels. The high-rainfall and potentially highly productive areas include more than half of Uganda
and Rwanda, and quite large areas in Ethiopia, Kenya and Madagascar, covering about 31% of
the total land area. However, even with the high production potential, poverty prevalence in
these zones is quite high, and about 54% of the region’s poor live here.
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Table 1 Agro-climatic zones and rural population in Eastern and Southern Africa
Climate Zone

Area km2
Population
(million)
(million)
Arid and semi-arid
3.7
36
Dry sub-humid
3.0
76
Moist sub-humid and humid
2.9
148
Total
9.6
260
Source: FAO databases. (Urban population and areas are excluded)

Share of
area
38%
31%
31%
100%

Share of
population
14%
30%
56%
100%

Figure 1. Eastern and Southern Africa Region showing countries covered by IMAWESA

The ESA region has certain common features in terms of natural biophysical and socioeconomic conditions that make it possible to treat the region as a block. The 21 countries of the
ESA (excluding the Democratic Republic of Congo, Sudan, Djibouti and Somalia) have a total
population of about 350 million, of which about 260 million (73%) live in rural areas. The ESA
has one of the highest poverty rates in the world, averaging 56% in the rural areas. About 85% of
the rural poor people derive their livelihoods from small scale agriculture (IFAD, 2002). In
general, low agricultural productivity and rural poverty are most evident in arid, semi-arid and
sub-humid areas, which occupy 69% of the land area in the ESA (FAO, 1999). In the past, poor
harvests, food insecurity and famines were confined to the Horn of Africa countries, especially
Ethiopia, Kenya and Somalia, but more recently, several countries from southern Africa have
joined the list of those depending on relief food. For instance, the FAO estimated in February
2006 that 11 million people in East Africa were on the brink of starvation due to drought
affecting Ethiopia, Kenya and Somalia, and some parts of Eritrea, Djibouti, Tanzania, Burundi,
southern Sudan, Uganda and Rwanda due to failure of the short rains in 2005. Thus cattle, sheep,
2

goats, wildlife and even camels died, some people had died and for instance, 70% of cattle in
Wajir District of Kenya died. In some districts, not only food aid but also relief water was
necessary to alleviate suffering. Thus the optimal management of water for agriculture forms an
entry point towards alleviating suffering and improving livelihoods for smallholder producers in
the region.
Climatic variability resulting in prolonged dry spells and sometimes droughts, is associated with
poor agricultural productivity on the ESA. Even then, climate and natural resource base are not
entirely to blame for the poor status of agricultural production by smallholder farmers. It has
been shown that agricultural productivity within the same geographical region, same crop, same
climate, remains much lower under smallholder agriculture as compared to on-station research
and large-scale farms (SIWI, 2002). For instance, in Zambia, the gross national average of maize
yield on smallholder farms is about 1.3 t ha-1, but farmers with slightly larger holdings and good
managerial skills obtain 4.5 t ha-1. In comparison, trials with highbrid varieties, fertilizers and
timely planting and under the same rainfed systems yield 9 - 13 t ha-1 (IFAD, 2002). Similarly, in
western Kenya, maize yields under research yield over 6 t ha-1 compared to less than 1 t ha-1
recorded under smallholder farms and 0.5 t ha-1 for beans (Mati and Mutunga, 2005). It has been
stated that low crop productivity is affected more by management aspects (of water, soils,
agronomy) than by natural resource base (Place et al, 2005). Therefore, tackling the natural
limitations to production will require access to information about technologies and approaches
through which smallholders themselves can establish profitable operations, optimizing the
impact of their investments, particularly labour, which is the more available resource.
1.2

Importance of Water for Agriculture in the ESA

Even with the physical presence of semi-arid zones, the untapped potential for green water recapitalization and ultimately holistic agricultural water management in the ESA is enormous.
There are about 38 million ha in the low income countries of the region classified as cultivated
lands (Table 2). The total potential for targeted AWM in these countries is about 18 million ha,
of which only 3 million ha are already under some form of water management (IFAD, 2002). Of
these, about 2 million ha are under irrigation with full or partial control, while the remaining 1
million ha are under traditional wetland and valley bottom management systems. Madagascar,
with about 1 million ha under full or partially controlled irrigation, accounts for about 50% of
the total land area under controlled irrigation in the region. The share of irrigation in the other
countries is less than 5%. For instance, aggregate annual runoff in Ethiopia is estimated at 122
billion cu m and ground water potential as 2.6 billion cu m (IFAD, 2002). However, only 5% of
the irrigation potential is utilized, accounting for 3% of total food crop production, while a
similarly small fraction of the runoff potential is utilized. It should be noted that in characterizing
land as suitable or not for AWM, the estimates are based on the availability of land and water,
usually available “blue” flows. It and does not take account of possible sources and the huge
potential for green flows, such as road runoff harvesting, flood harvesting from surfaces, and
rarely includes ground water potential. Thus, substantial potential for targeted water management
remains largely un-recognized and thus under-developed in the ESA region.
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Table 2: Cultivated area and water management potential (‘000 ha)
Total potential
Area of
Area Under
for water
controlled
other water
management
irrigation
management
Angola
2 900
6 700
75
350
Burundi
800
185
14
60
Comoros
78
0
0
Na
Eritrea
439
Na
28
Na
Ethiopia
6 000
3 637
190
Na
Kenya
3 738
352
67
6
Lesotho
209
13
3
Na
Madagascar
2 580
1 500
1 087
Na
Malawi
2 106
162
28
62
Mozambique
3 600
3 300
107
Na
Rwanda
825
160
4
156
Tanzania
6 300
828
150
Na
Uganda
5 028
202
10
Na
Zambia
1 030
520
46
100
Zimbabwe
2 750
331
117
20
Total
38,382
17,890
1,926
754
Source: FAO 1995. Water Report 7. Irrigation in Africa in Figures. FAO Rome
Country

Cultivated
Area

Total water
managed
area
425
74
0
28
190
73
3
1 087
90
107
160
150
10
146
137
2,680

Remaining
Potential
6 275
111
0
Na
3 447
279
10
413
72
3 193
0
678
192
374
194
15,210

Another important aspect is the role of rainfed agriculture, which is the dominant from of crop
production in the ESA region and is set to remain so in the foreseeable future. With the
exception of Madagascar, Mauritius and Swaziland, rainfed agriculture accounts for over 95% of
all croplands in each of the countries of the ESA (World Bank, 1999). However, while the
potential for improving production and income from rainfed systems is considerable, there are
risks associated with rainfed agriculture that must be mitigated with targeted interventions. The
most vulnerable people to climate-related disasters are poor smallholder farmers, especially those
in marginal rainfall areas. This is partly due to their inability to access cutting edge knowledge,
afford inputs or utilize appropriate machinery and technologies that can mitigate natural
disadvantages. In particular, there is need for alternative approaches to the development and
maintenance of small-holder water management systems and major increases in investment in
exploitation of the irrigation potential.
1.3

Defining Agricultural Water Management

Agricultural Water Management (AWM) includes “all deliberate human actions designed to optimize the
availability and utilization of water for agricultural purposes. The source of water would include direct rain as well
as water supplied from surface and underground sources. AWM is therefore the management of all the water put
into agriculture (crops, tree crops and livestock) in the continuum from rainfed systems to irrigated agriculture. It
includes agronomy, soil and water conservation, rainwater harvesting, irrigation and drainage, interventions such as
integrated watershed management and all relevant aspects of management of water and land”.
Thus, AWM includes and is not limited to:
1. Irrigation (supplemental or full)
2. Drainage (of wetlands, dambos, temporary waterlogged soils etc)
3. Soil and water conservation
4. Rangeland rehabilitation
5. Wetland management and utilization
6. Water for livestock
7. Rainwater harvesting (spate flow diversions, micro-catchment systems, external
catchments, storages in blue & green water, managing rain water)
8. Watershed management
9. Soil fertility (manures, fertilizers, residues)
4

10.
11.
12.
13.
14.
15.

Conservation agriculture (deep tillage, mulching)
Agronomic practices
Climatic variability mitigation
Use of low quality water (saline, waste water)
Capacity building programmes in AWM
Water used in value addition.

Agricultural water management is not new in ESA as it forms the very essence of agriculture.
Rather, there is the question of how much targeted actions are applied as opposed to allowing
natural phenomena to run their own course. The main problem is that the region has seen
declining crop yields and recurrent crop failures associated with ‘drought’, yet the real problem
lies not with the amount of rainfall received, but with inappropriate management of the water.
Moreover, subsistence-based agronomic practices have resulted in the “mining” of the natural
resource base in the process of crop production and livestock husbandry due to the need to
produce more from the static and declining land areas. Since land is inelastic, innovative ways
that allow higher productivity will have to be adopted to meet the growing food gap. For
instance, at global scales (World Bank 2005), it has been recommended that over 40% of the
extra food required to meet the growing food demands by 2025 will have to come from
intensified rainfed farming, for which improved water management is essential. Within the subSaharan Africa region, 75% of the agricultural growth required by 2030 will have to come from
intensification (62% from yield increases, 13% from higher crop intensities) rather than
extensification of agriculture (FAO, 2000). It has been argued that smallholder agriculture may
be the major cause of, and potential solution for poverty reduction and economic growth in
Africa (DFID, 2002).
Agricultural productivity in the ESA could be improved further, through the integrated
management of the water under rainfed systems, which includes some level of irrigated
agriculture. In the past, sectorized approaches to both rainfed and/or irrigated agriculture have
promoted initiatives like soil and water conservation (SWC) or rainwater harvesting (RWH) with
some level of success. Examples of these are scattered throughout the region, and have formed
the foundation of many development projects with agriculture and land management on their
agendas (Reij et al., 1996; Lundgren, 1993; Hurni and Tato, 1992; WOCAT, 1997). In particular
RWH systems have been applied over wide range of conditions in areas where average annual
rainfall is insufficient to meet the crop water requirement, with seasonal rainfall as low as 100 to
350 mm (Oweis et al., 2001; SIWI, 2000). Indigenous and innovative technologies in SWC, RWH
and soil nutrient management abound in the ESA (Mulengera, 1998; Reij and Waters-Bayer, 2001,
Mati, 2005, Negassi et al., 2000; Hamilton, 1997; Hatibu and Mahoo, 2000). Most of these
technologies are also easily replicable. In addition, successful cases of smallholder water
management have been documented in which farmers have overcome different kinds of
obstacles, not only to achieve food self sufficiency, but also increase their incomes and move out
of poverty (Mati and Penning de Vries, 2005; Penning de Vries et al, 2005). However, there has
been little common meeting ground between what is perceived as “rainfed” with “irrigated”
agriculture. The focus should be how to reduce poor people’s vulnerability to climatic variability,
especially water risks associated with both floods and droughts, including both agricultural and
meteorological droughts (Sally et al, 2003). Neither water nor know-how are really lacking. We
know what to do; the problem is getting it done. The next chapter provides a compendium of
100 technologies and practices for managing water for agriculture in the ESA.
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2. 100 Interventions for Managing Water for Agriculture in Eastern and
Southern Africa
Intervention, Description, Where found and Reference
In alphabetical order

1.

Basins
Basins are normally small, circular, square or diamond shaped micro-catchment systems,
intended to capture and hold rainwater and/or runoff for plants, especially for growing
fruit crops, and seedling establishment. Basins are constructed by making low earth ridges
on all sides, to keep rainfall and runoff in the mini-basin. Runoff water is then channeled to
the lowest point and stored in an infiltration pit. The size of the basins may vary between 1
m to 2 m in width and up to 30 m in length for large external catchments. Earth basins are
suitable in dry areas, where annual rainfall amounts to at least 150 mm, slope steepness
ranges from flat to about 5 percent, and soil that is at least 1.5 m deep to ensure enough
water holding capacity. Basins usually accompany other forms of runoff farming and are
found in dry areas of Ethiopia, Eritrea, Kenya, Tanzania, Zimbabwe, South Africa
(Duveskog 2001; Critchley et al. 1992; Thomas and Mati 2000).

2.

Bench terraces
Bench terraces are made by re-shaping a steep slope to create flat or nearly flat ledges or
beds, separated by vertical or nearly vertical risers. They are made on very steep slopes.
Due to the high labor demand, they are usually made for high-value crops such as irrigated
vegetables and coffee. The benches are normally designed with vertical intervals that may
range from 1.2 m to 1.8 m. In East Africa, bench terraces are rarely excavated directly but
instead, they are developed over time from other methods of terracing such as stone lines,
grass strips and trash lines or fanya juu terraces. Bench terraces are found in nearly all
countries with steep slopes in the ESA especially Ethiopia, Rwanda, Burundi, Kenya,
Tanzania, Madagascar, South Africa, Uganda and Lesotho. (Wenner 1981; Mati, 2005)

3.

Biomass transfer
Biomass transfer is the incorporation into the soil of leafy shrubs, which accumulate high
concentration of nutrients in their leafy biomass and mineralize rapidly. It can also be
defined as a form of cut and carry mulching in which the shrubs are widely distributed
along farm boundaries in the humid and sub-humid tropics of Africa. These shrubs include
Sesbania sesban, Crotalaria grahamiana, Tephrosia vogelii. Lantana camara and Tithonia diversifolia.
In western Kenya, Tithonia diversifolia is the most commonly used biomass material because
it is readily available, easy to propagate and relatively richer in nutrients. One ton of dry
weight Tithonia diversifolia leaves contains an average of 33 kg of nitrogen, 3.1 kg of
phosphorous and 30.8 kg of potassium (Nair 1989; Mureithi et al. 2002).
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4.

Birkas
Birkas are an indigenous water harvesting technology in Ethiopia, and usually familyowned. They comprise rectangular underground tanks, lined with concrete or impermeable
clay tile, and used mostly for domestic water supplies. Birkas permit irrigation of small
kitchen vegetable gardens (100 to 200 m2) and animal watering. The main problem is the
heavy labor demanded for excavating the pans and making tank foundations. Also, there is
the need to pump (lift) water except where the ground gradient permits gravity outlets.
There is also the higher possibility of contamination and sedimentation, although the latter
can be reduced by providing adequate siltation basins (Guleid 2002; Nega and Kimeu
2002).

5.

Bottle irrigation
Bottle irrigation is a kind of modified drip irrigation, in which a bottle is filled with clean
water and sealed with a top. Then a small hole is punched onto the bottle top and the
bottle inserted into the soil at the tree root zone, ensuring that it lies at an angle. The water
enters the soil as small droplets, lasting several days, after which the bottle is refilled. One
litre of water can last for about 2 weeks before refilling. This way, water loss by evaporation
is reduced to a minimum. Sometimes, farmers bury the bottle under the soil to regulate the
water temperature. The technique has recorded an increase in tree survival from about 20
percent to almost 100 percent. Bottle irrigation is used for tree establishment in semi-arid
areas, which have water scarcity. The method has been applied in the establishment of
forest and fruit trees in the dryland districts of Kitui, Machakos, Laikipia Tharaka and
Budalangi in Kenya (Vukasin et al. 1995; Bittar 2001).

6.

Broad-bed and furrow
Broad-bed and furrow systems are a modification of contour ridges, with a deliberate effort
to ensure that there is a “catchment” ahead of the furrow. It is a within-field microcatchment water harvesting system. The catchment area is left uncultivated and clear of
vegetation to maximize runoff. Crops can be planted on the sides of the furrow and on the
ridges. Plants that need much water, such as beans and peas, are usually planted on the
higher side of the furrow, and cereal crops, such as maize and millet, are usually planted on
the ridges. The distance between the ridges varies between 1 m and 2 m depending on the
slope gradient, the size of the catchment area desired and the amount of rainfall available.
The system is suitable where the annual rainfall is from 350 mm -700 mm, land is of gentle
slope (about 0.5-3 percent steepness) and soil should be fairly light. Although the furrows
increase crop yields in the drier areas, the labor requirements are higher than for
conventional farming, and the intricacies involved in making them deter many farmers
from adopting them. They are popular in Ethiopia, Kenya and Tanzania, (Duveskog 2001;
Mati 2005).
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7.

Bucket drip kits (drum kits)
Bucket drip kits (and drum kits) are a fast-growing adaptation by smallholder farmers in the
ESA region, since their introduction to the market in the late 1990s. The most popular and
also the cheapest are bucket drip kit systems, which consist of two drip lines, each 15-30 m
long with emitters spaced about 0.1 to 0.3 m apart, and a 20-litre bucket for holding the
water. Each drip line is connected to a filter to remove impurities that may clog the drip
nozzles. The bucket is supported by a stand, with the bottom of the bucket at least one
meter above the planting surface. Such a drip kit requires about 40-80 liters of water per
day to irrigate about 100 to 200 plants. The most popular crops are high-value vegetables
such as tomatoes, cabbage and spinach. Bucket and drum drip kits optimize yields per unit
volume of water and land. Bucket drip kits are popular in Lesotho, Kenya, Tanzania,
Zambia, and Zimbabwe (Sijali and Okumu 2002; Sijali 2001; Ngigi, 2003; SWMRG 2005;
IWMI 2005).

8.

Cambered beds
Cambered beds are made on soils having poor drainage, e.g. black cotton soils, but where
water conservation may be desired. They function as a combination of soil conservation,
water harvesting and land drainage. In design, cambered beds look like the “bedding”
system of surface drainage. They are made on the contour, with low narrow beds, up to 2
m wide, separated by channels that are about 0.5 m wide and 0.3-0.5 m deep. They are
usually a micro-catchment system in which runoff from the beds gets into the channel,
hence can be retained for prolonged crop use. Crops are usually planted at the edge of the
bed adjacent the channel, so as to access the ponded water during dry times.

9.

Charco dams
“Charco” dams are small rectangular, excavated pans or ponds, which are constructed at
well-selected sites on a relatively flat topography for livestock watering. They are
constructed by hand or by machinery, and can reach depths of 3 m. The design is simple
and can be implemented at village level with minimum of engineering requirements.
Charco dams receive their runoff mostly from outlaying areas of a rangeland, thus contour
bunds are constructed to divert runoff into the dam. Charco dams are commonly found in
Shinyanga, Dodoma, Arusha, Tabora, Singida and Mwanza regions of Tanzania (Hatibu et
al. 2000).
8

10. Chololo pits
Chololo pits are so named after the village where they were invented in Dodoma Region of
Tanzania. In design, chololo pits comprise a series of pits, which are about 22 cm in
diameter and 30 cm in depth. The pits are spaced 60 cm apart within rows, and 90 cm
between rows, with the rows running along the contour. The soil removed during
excavation is used to make a small bund around the hole. Inside the pit, ashes (to expel
termites), farmyard manure and crop residues are added, then covered with the requisite
amount of soil while retaining sufficient space in the hole for runoff to pond. These
preparations ensure the water infiltrated is held by the organic materials, thereby allowing
moisture retention to last longer. One or two seeds of either maize/millet or sorghum are
planted per hole (see also Spot tillage). The method has been widely adopted in Tanzania
(Critchley et al. 1999, Mutunga et al. 2001).
11. Compost baskets
A compost basket refers to a method of composting in-situ, i.e. composting in which the
crop utilizes the compost as it decomposes, and thus is expected to last longer. Compost
baskets are woven from twigs and driven into the prepared beds at a spacing of 1 m as
follows: holes of at least 15 cm deep and 30 cm wide are dug along the centre line of the
prepared bed at a spacing of about 1 m. Sticks of about 60 cm long are then driven into the
ground around each hole, and long flexible twigs woven around to form aboveground
baskets. The baskets are filled with manure and well-decomposed household wastes. The
manure is translated from the soil below the basket into the root zone through natural
processes. Due to hydrotropism, the roots also tend to grow towards the basket. This
technique has been popular with commercial banana growers in Kenya who have no access
to irrigation. The compost basket also absorbs and retains a lot of water which the plants
can withdraw during the dry season (Bittar 2001; Hamilton 1997; Mati 2005).
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12. Compost manure
Compost manures have been gaining importance, especially among smallholder farmers,
particularly those who are more progressive and innovative. Composting is the natural
process of turning organic materials, such as crop residues and farmyard manure, into
valuable plant food or humus. The ingredients that produce good quality compost, such as
leguminous residues and manure, are just as important as the methodology of composting.
The normal procedure is to first make a foundation onto which ashes are spread to prevent
termite infestation. Then layer after layer of dry crop residues (chopped), green vegetation
e.g., Lantana camara or Tithonia diversifolia and topsoil are placed over each other, wetting
with fresh water (non-chlorinated). The heap is then covered with soil and a stick driven
into the middle to act as a thermometer. The compost is turned (and wetted) after around
22 days and the compost is ready for use within 45 days. The use of compost manures is
spread throughout the ESA region (Sanchez et al., 1997; Njoroge 1994; Kibwana 2000;
Critchley et al. 1999; Reij and Waters-Bayer 2001).
13. Conservation tillage
Conservation tillage, are land cultivation techniques which try to reduce labour, promote
soil fertility and soil water conservation. This can be achieved by : (i) zero or minimum soil
turning, (ii) permanent soil cover, (iii) stubble mulch tillage, and (iv) crop selection and
rotations. An important aspect of conservation tillage practice involves ripping the land
with tined implements or sub-soiling the land immediately after crops are harvested, to
break the plough pans. Suitable equipment includes animal-drawn sub-soilers, rippers,
"ridgers", planters, and weeders. Conservation tillage is commonly practiced in Zambia,
Zimbabwe, South Africa and Tanzania (Biamah and Rockström, 2000; Elwell et al. 2000;
Jonsson et al. 2000; Clayton et al. 2004; Steiner 2002).
14. Contour bunds (ridge terraces)
Contour bunds are constructed of earth, by excavating a channel and creating a small ridge
on the downhill side across the slope for soil conservation. The contour bunds resemble
narrow channel terraces. Contour bunds are used for prevention of flooding and erosion
control. They are popular in the highland areas of Ethiopia, where they are usually designed
with a standard 1 m vertical interval (see also contour earth bunds) (Wolde-Aregay 1996;
Lundgren and Taylor 1993).
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15. Contour earth bunds
Contour earthen bunds are various forms of earth-shapings, which create run-on structures
for ponding runoff water. The most common are within-field runoff harvesting systems,
which are increasingly gaining popularity among smallholder farmers in the ESA. Withinfield systems also tend to require less mechanization, relying more on manual labor and
animal draught. In design, the soil bunds are aligned along the contour, with spillways at 20
m intervals to control the application of surface water in each bund-section where the crop
is cultivated. Bunds are set at 15-20 m intervals and the catchment to cultivated ratio ranges
from 5:1 to 20:1. The difference between bunds meant for within-field water harvesting
and those meant for conventional soil and water conservation is whether runoff harvesting
is planned for, or the system utilizes direct rainfall (Critchley and Siegert, 1991; Pacey and
Cullis 1986).
16. Contour farming
Contour farming is when tillage, planting and other farm operations are done along the
contour. Contour farming is suitable on slopes of 4 to 6 percent and can reduce water loss
(runoff) by 50 percent and soil loss by about 50 percent compared to up and down hill
cultivation. They impede the down-slope flow of water, allowing the water to infiltrate and
thus avoiding erosion. It is advisable to compliment this technique by other interventions.
Contour cultivation is practised in nearly all the countries of the ESA.
17. Contour furrows
Contour furrows are small, earthen ridge-and furrows which are essentially microcatchment or within-field systems for small-scale production of food crops. In design, the
ridges are about 0.15 m – 0.2 m in height and spaced at approximately 1.5 m apart on the
contour. The furrow, which is upslope, accommodates runoff from the uncultivated microcatchment strip between the ridges. Small earthen ties were made within the furrow at a
spacing of 4 m-5 m to prevent lateral flow. The objective of the system is to concentrate
local runoff and store it in the soil profile, close to the plant roots. A cereal intercropped
with a pulse is usually recommended (Critchley et al. 1992; Mati, 2005).
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18. Contour stone bunds
Contour stone bunds are buffer strips created by arranging stones in across the slope on
the contour to form a barrier. However, the crop is grown just ahead of the stone bund,
leaving the upper end of the terrace free to make a catchment. Since the bunds are
permeable, they slow down the runoff rate, filter it, and spread the water over the field,
thus enhancing water infiltration and reducing soil erosion. Stone bunds are commonly
practiced in areas receiving 200-750 mm of annual rainfall, and are usually spaced about 1530 m apart, with narrower spacing on steep slopes, and can be reinforced with earth or crop
residues to make them more stable. Stone bunds are especially safer to use since they form
a porous barrier, which slows down runoff, and is unlikely to fail in case of extreme
flooding. Contour stone bunds are found in nearly all countries of the ESA, particularly in
the ASALs. They are found in Ethiopia, Eritrea, Kenya, Tanzania, Zimbabwe and
Botswana (Critchley and Siegert 1991; Hilhorst and Muchena 2000; Duveskog 2001) .

19. Cover crops
Cover crops are those crops grown for the purpose of covering the soil during fallow
periods or between harvest and planting of commercial crops. They utilize the residual
moisture in the soil. Their growth is interrupted either before the next crop is sown, or after
sowing the next crop, but before competition between the two crops start. Cover crops are
suitable for protecting the soil, when it is not cultivated, providing an additional source of
organic matter to improve soil structure and create an improved topsoil, recycling nutrients
and mobilizing them in the soil profile in order to eliminate layers with slow moving
nutrients like phosphorus and potassium, "biological ploughing" of the soil; the roots of
some crops, especially cruciferous crops, like oil radish are pivotal and able to penetrate
compacted or very dense layers, increasing water percolation capacity of the soil and
utilizing easily leached nutrients. In the ESA, the most commonly used cover crops are
sweet potatoes, melons, crotolaria, mucuna bean and various types of grasses. Cover crops
are grown mostly in the wetter zones for their other utilities such as food and fodder.
20. Crop husbandry
Crop husbandry or how well the crop is managed in the field is also a water management
intervention, because it affects the overall value of water to crop productivity. There are
many operations depending on crop type, climate, available technology and labour.
However, good crop husbandry includes; early or optimum planting schedules, e.g. dry
seeding, improved tillage and field preparation, use of best crop variety available, soil
fertility, weed control, pest and disease management as well as appropriate timing of all
operations. Efficient land husbandry practices should result in greater stimulation of
activities of soil organisms, nutrient additions to the soil, minimal nutrient exports from the
soil and optimal nutrient recycling within the farming system (Landon 1991; Young 1976).
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21. Crop selection
Crop selection, in itself is a water management intervention because the crop should match
the amount of water available for optimum production. Crops vary considerably in their
water demand, drought resistance and drought avoidance. It is recommended to grow fastgrowing plants (but without greatly increased water requirements) that shorten the time in
which water is lost by transpiration and evaporation. High-yielding crops that require no
appreciable increase in water supply, and give high yields without increasing water demand
and have high water-use efficiency. The idea is to give priority to crops with high water
productivity.
22. Cutoff drains (Diversion ditches)
A cutoff drain (also known as diversion ditch, or storm-water drain) is a channel, made
across the slope, with the ridge of the downhill side. It is meant to intercept surface runoff
and convey it safely to an outlet such as a waterway. , usually above cropped land. Cutoff
drains protect cultivated land from excessive flooding coming in from home compounds,
roads, gullies and other surfaces. In design, the channel may be 0.5- 0.6 m wide and 0.6 m
deep with a trapezoidal section having a top-width of 0.9-1.5 m. Normally, the ridge is
grassed to improve stability. Most farmers utilize the channel by planting a tree crop inside
(Thomas, 1997).
23. Deep tillage
Deep tillage or sub-soiling is practiced on soils having surface crusting properties or those
prone to developing hard pans. Special equipment known as subsoilers, capable of digging
down below the plow depth are used. Most sub-soilers require tractor-drawn power.
However, manual subsoilers have also been developed by innovative smallholder farmers
The equipment comprises a long hoe that can cut into about 30 cm of soil. It is made from
old car-springs cannibalized from junk cars and therefore, is quite durable and low-cost.
Deep tillage may be required once every 3 years, to break soil crusts developed from
prolonged use of the mold-board plow. (Thomas and Mati 1999; IIRR 1998).
24. Deficit Irrigation
Deficit Irrigation is the deliberate application of water to the plant to just meet the basic
water requirements of the crop, or just below the optimum required. It works by reducing
the level of irrigation or the growing period. Deficit irrigation saves water so that larger
areas can be irrigated. Some farmers in Mwingi district of Kenya have been utilizing deficit
irrigation to establish tree seedlings in dry areas. The farmer plants the seedlings at the end
of the dry season with just enough water to avoid permanent wilting of the sapling. This
enables the seedling to “harden” while still young and therefore once established, extra
watering is rarely required (Thomas and Mati, 2000; FAO 2001).
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25. Double-dug beds
Double-dug beds are meant to improve soil porosity and break hard pans by creating a
deep layer of loose organic soil which is used for intensive cultivation to produce higher
yields. The practice aerates the soil, improves water absorption and retention, allows plants
to use available nutrients more efficiently and increases rooting depth. The commonly
recommended dimensions of a double-dug bed are approximately 1.5 x 7m wide and 60 cm
deep. The bed is filled with about six wheelbarrows of compost, which can be used for four
consecutive cropping seasons before the process needs repeating. Farmers have adapted
this method in various ways, digging less deeply when the soil is rocky or when labor is
scarce, changing the length of the beds and adding a variety of organic materials. Doubledug beds have been promoted by NGOs since the late 1980s in Ethiopia, Tanzania and
Kenya, where they are mainly used for cultivating high-value cash crops such as vegetables.
The construction technique involves preparing the garden beds by digging out the topsoil
and subsoil separately. The bottom of the trench is further tilled to improve infiltration.
The topsoil is then mixed with organic manure and returned to the bed. Care is taken not
to step on the bed in order to avoid compaction. High-value crops are then grown on the
beds with very good results since the bed absorbs more water than in conventional tillage
(Hamilton 1997; Hilhorst and Muchena 2000; Thomas and Mati 2000).
26. Drainage ditch (or artificial waterway)
A drainage ditch (or artificial waterway) is usually made where surface runoff must be
disposed off from cutoff drains, terraces and other structures, usually in wetter areas. It is a
wide, shallow channel that runs up-and-down the predominant slope, but connected to the
other structures to received excess flows for safe disposal. As such, it is fitted with erosion
control structures such as small check dams, and is normally grassed. Artificial waterways
are commonly found in highland areas of Ethiopia, Rwanda, Kenya, where land space is
permissible (Thomas, 1997; Morgan, 1995).
27. Drip irrigation
Drip irrigation is the precise application of irrigation water to plant the root zone in small
droplets, usually from specially designed emitters or drippers. Drip irrigation is popularly
viewed as one of the most water efficient types of irrigation. Conventional drip systems
typically cost US$ 5,000–10,000 per hectare or more in East and Southern Africa. Drip
irrigation enables the farmer to make use of limited amounts of water and fertilizer which
can be applied together with the irrigation water to grow high value crops. There are cases
of successful adoption in South Africa, Lesotho, Swaziland, Kenya and elsewhere by
commercial farmers (IWSD 2006).
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28. Earth dams (small) and Weirs
A small earth dam is usually constructed to retain flood runoff during the rainy season, on a
watercourse which may be a perennial river or a dry riverbed. The dam wall normally does
not exceed 2 m to 5 m high and has a clay core, stone apron and spillway to discharge
excess runoff. The maximum volume of water ranges from hundreds to tens of thousands
of cubic meters. Reservoirs with a water volume less than 5,000 m3 are usually called pans
or ponds. Due to the high costs of construction, earthen dams are usually constructed
through donor-funded projects. Earth dams can provide adequate water for irrigation
projects as well as for livestock watering. Earth dams are sometimes dug manually as in
Mwingi District of Kenya. Low earthen dams, called "malambo", are also common in the
Dodoma, Shinyanga and Pwani regions of Tanzania. They involve dam construction to
collect water from less than 20 km2 for a steep catchment to 70 km2 for flat catchment.
Some of these are medium-scale reservoirs are used for livestock water or irrigation. In
Kenya, weirs have been constructed in the Nyando basin using old gunny bags filled with
silt, and these form a low-cost embankment for the dam. Small earth dams are available in
all the countries of the ESA (Mati 2002; Mburu 2000; Hatibu et al. 2000; IWMI 2006).
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29. Excavated bunded basins (majaluba)
Excavated bunded basins (majaluba) are small basins that usually utilize an external
catchment. They are constructed by digging to a depth of 0.2 m to 0.5 m, and by using the
scooped soil to build a bund around the field perimeter. Normally, the bunds have a height
of between 0.3 m to 0.7 m above the ground. Farmers usually start with small-sized basins,
for example, 10 m by 10 m, and then go into large areas of about 1 ha. This system is one
of the methods of runoff utilization, management and storage for the production of paddy
rice and is widely used in the semi-arid areas of Mwanza, Shinyanga, Tabora, Singida and
Dodoma regions, of Tanzania (Hatibu et al. 2000).

30. Fanya juu terraces
Fanya juu terraces are earthen embankments, created by digging a trench about 60 cm wide
along the contour, and throwing the soil upslope to form a ridge. This effectively reduces
slope-length, and hence soil erosion from steep croplands. Fanya juu terraces are suitable
on slopes with annual rainfall of 500-1,000 mm. Planting grass, trees and bushes along the
terrace banks stabilizes the bunds, while contributing to productivity and biodiversity such
as fodder, fuel and fruits. In some cases, enlarged embankments are made to allow ponding
of harvested runoff and, therefore, the structure can be used in water harvesting systems
having external catchments. Fanya juu terraces are now found almost in all countries of the
ESA especially Kenya, Rwanda, Malawi, Mozambique, Tanzania, Zambia and Zimbabwe.
(Thomas and Biamah 1991; Lungren and Taylor 1993, Assmo and Eriksson 1999; Tiffen et
al. 1994; IWMI, 2006).
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31. Fertilizers
Fertilizer use among smallholder farmers in the ESA is perhaps the lowest in the world.
The mean application rates are about 35kg ha-1 which is below the basic requirement for
most types of soil. Generally, farmers are discouraged to use fertilizers because it is not a
traditional practice among most communities, and the high fertilizer costs and poor prices
from staple foods grown in the region mean that economic gains have not been quite
evident. Even though expensive, the use of inorganic fertilizers needs to be promoted, as
many types of soil lack adequate levels of phosphorus and nitrogen. The major type of
fertilizer used in the region is DAP. The quantity of fertilizer used depends on the
socioeconomic level of the farmers, with richer farmers using more fertilizers. Field trials
on maize and sorghum with and without fertilizer application in the semi-arid areas of
eastern Ethiopia showed that a substantial yield increase occurred when fertilizers were
used along with water conservation practices (Quinones and Gebre, 1996; Eyasu 2002;
Hilhorst and Muchena, 2000).
32. Five-by-nine pits
Five-by-nine pits are planting pits for enhancing water harvesting and storage for field
crops such as maize. In design, they are 60 cm square and 60 cm deep and are larger than
zai pits but have a square shape. The name “five by nine” is based on the five or nine maize
seeds planted at the pit along the diagonals (five for dry areas and nine for wet areas). This
type of pit can hold more manure than a zai pit. Hence, it is capable of achieving higher
yields that have a long-lasting effect and can be re-used for periods up to 2 years. The
system is popular for low rainfall areas of central and eastern Kenya (IIRR 1998).
33. Flood water harvesting
Flood water harvesting comprises a variety of techniques for diverting and storing runoff in
earth dams, sand dams, weirs, ponds and pans. This water may be used for supplemental
irrigation. The flood waters can also be collected and channeled onto a cropped field to
replenish soil moisture directly (see spate irrigation).
34. Fortified compost
Fortified compost involves the addition of low levels of finely-ground phosphate rock and
urea to improve the quality of compost prepared from crop residues, particularly maize
stover and wheat straw. The practice recommends the application of 2 t/ha of compost
applied as a pre-plant before the long rains. Low quality organic materials such as maize
stover or wheat straw with a wide C: N are fortified with small amounts of fertilizer and
manure resulting in a high quality compost.
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35. Grass Strips
A grass strip is a vegetative buffer, in which grass is planted in dense strips, about 0.5 to 1
m wide, along the contour, at intervals equivalent to calculated terrace spacing. These lines
create barriers that minimize soil erosion and runoff, through a filtering process. Silt builds
up in front of the strip, and with time, benches are formed. The spacing of the strips
depends on the slope of the land. On gentle sloping land, the strips are made with a wide
spacing (20-30 m), while on steep land the spacing is about 10 to 15m. The grass needs to
be trimmed regularly, to prevent spreading to the cropped area. Grass strips are suited to
wetter areas and are thus found in the highlands of Ethiopia, Kenya, Tanzania, Rwanda,
Uganda and Burundi (Christiansson et al. 1993; Thomas, 1997; Morgan, 1995).
36. Green Mulch ( & Green Manure)
Green mulches are usually leguminous plants that cover the ground as runners, grown
together with other crops. They are sometimes also termed as green manure because of the
ability of the companion legume to fix nitrogen in the soil. The legume could be cut and
incorporated into the soil while green as manure. Alternatively the legume is used as a cover
crop. Crops such as mukuna, pumpkins or water melons have proved useful green mulches.
Trials by farmer experimenters in Mbozi District, southern Tanzania showed that by
planting velvet bean under coffee, the weeds were reduced (smothered by the cover of the
bean), while the coffee yield increased due to water conservation and soil fertility
improvement, as a result of nitrogen fixation by the beans (Hilhorst and Toulmin 2000;
Thomas and Mati 2000).
37. Gully control and utilization
This involves rehabilitating gullies and converting them into productive land. Most of the
gully control work involves creating check dams with locally available materials (stones,
brushwood, or living vegetative hedges). The check dams are built in stages by raising the
height of the check dam by about 0.3 m. each year. As runoff flow velocities within the
gully are reduced, deposition causes soil build up to adequate depth. The excess flow over
the gully is trapped, allowing for water harvesting, conservation and the growing of crops
even in marginal rainfall areas (Mburu 2000; UNDP/UNSO 1999; Critchley et al. 1999)
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38. Hafir dams
“Hafir” dams are found in Eastern Ethiopia and are used for human and livestock
watering. Generally, they are excavated reservoirs with a water volume ranging from 50010,000 m3. Hafirs are located in natural depressions and the excavated soil is used to form
an embankment around the reservoir to increase its capacity. Bunds and improvements to
the catchment apron may help to increase runoff into the reservoir, but seepage and
evaporation are often high in the dry season. Hafirs differ from other earthen dams as they
are generally bigger in size, and also have good sedimentation basins. In hafirs, watering
areas are well allocated, the site is securely fenced and the reservoir is de-silted every season.
The major drawback with hafirs is the requirement of periodic cleaning to remove silt,
which is not an easy task (Guleid 2002).
39. Hedgerow intercropping
Hedgerow intercropping or alley cropping involves growing leguminous tree shrubs in
narrow strips across the slope, then the shrubs are lopped and the material used as a green
mulch. Popular species include sesbania sesban, caliandra calothyrsus and leucena sp. Nitrogen
fixation by the hedge roots and its incorporation through pruning is supposed to replace
the need for nitrogen fertilizers thus saving costs. However, competition for moisture
between crop and hedges is a major limitation in the dry areas. With the exception of the
aforesaid problem, hedgerow intercropping can be quite effective for soil conservation
(Lundgren and Taylor 1993; Thomas 2007).
40. Improved fallows
Improved fallow is the deliberate planting of leguminous tree species with the primary
purpose of fixing nitrogen as part of a crop fallow. It is the enrichment of a natural fallow
with leguminous trees or shrubs to improve soil fertility. Improved fallows have been
introduced more recently in the Lake Victoria region where agroforestry techniques form a
major focus on soil fertility initiatives for food security. Prefered shrubs include Sesbania
sesban, Crotalaria grahamiana and Tephrosia vogelii (Sanchez 1999; Place et al. 2005; Woomer et
al. 2004; Sanchez, 1999).
41. Infiltration Ditches
Infiltration ditches are used for harvesting water from roads or other sources of runoff.
They consist of a ditch, 0.7-1.5 m deep, dug along the contour, upslope from a crop field.
Water is diverted from the roadside into the ditch, which is blocked at the other end.
Water trapped in the ditch seeps into the soil, raising the soil moisture storage in adjacent
land (Wenner, 1981; WOCAT, 2000)
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42. Integrated Soil Fertility Management
Integrated soil fertility management is achieved when all the components necessary to
promote healthy and sustainable crop growth are applied to farmlands. They encompass
the use of mineral fertilizers, organic matter, manures, tillage operations, water management
and even control of pests and diseases. Mineral fertilizers such as NPK, CAN, TSP, Urea
and rock phosphate as well as biological measures, involving green manures and improved
fallows that utilize Sesbania sesban, Crotalaria grahamiana, lablab or Tephrosia vogelii, manures and
fortified composts can be used at various combinations. Good results have been obtained
achieving high maize yields exceeding 4.5 t ha-1. It is therefore important to combine two or
more interventions to address the diversities in basic soil nutrient deficits, management
systems and water management improvements brought about by biological measures,
especially for long-term impacts on crop productivity (FAO, 2002; Jama et al, 1997;
Marenya et al, 2005; Ojiem et al, 1999; Ndakidemi et al 1999; Reij and Waters-Bayer, 2001)
43. Kainam terraces
Kainam terracing involves a system of intense and permanent cultivation of steep slopes,
onto which terraces and storm drains are constructed. The crops are grown on the ridges
along the contour, accompanied by mulching which conserves soil moisture. Livestock are
not allowed to graze crop residues, which instead are dug into the fields. The soil is also
enriched by manure and the crops are carefully rotated. Kainam terraces are an indigenous
technology prevalent in the hilly area southwest of Lake Manyara, in Tanzania (Lundgren
and Taylor 1993).
44. Lagoon-front hand-dug wells
Lagoon-front hand-dug wells utilize high water tables for groundwater abstraction. The
system comprises several hand-dug wells constructed in between rows of beds of vegetable
crops. The beds are usually about 1.5 m in width and 6 m in length. It is a traditional
system in which the wells and the beds are all made manually with simple hand tools (FAO
2001).
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45. Lock-and-spill ditch
A lock-and-spill ditch is a relatively deep channel excavated across the slope. but whose
furrow has low cross-walls that divide the ditch into separate basins (locks) to encourage
infiltration. During heavy rainfall, runoff overtops these cross-walls and spills toward the
next basin increasing water retention time and thus enhancing infiltration. Sometimes, the
channel is graded to allow drainage (called lock-and –spill drain) in which case the earth
bunds are stabilised with vegetation and their outlets reinforced with stones. The ditches
catch water and soil and therefore get silted up. Regular de-silting is thus necessary. Lockand-spill ditches are popular in the dry areas of east Africa (Thomas and Mati 1999; Mati
2005).

46. Mandala garden
These are a modification of double dug beds, in which the furrows and beds are made in
concentric rings around a central pit, in which a tree crop may be grown. The beds are
usually double-dug. Mandala gardens are popular as kitchen gardens that utilize kitchen
waste waster for supplemental irrigation (Njoroge 1994).
47. Manures
Manures are used to replenish soil fertility all over the region, especially on farms closer to
homesteads. They help improve soil aggregation and moisture retention, hence enhancing
AWM. The levels of organic carbon have been shown to be the overriding factor affecting
soil fertility. The use of organic manure in ESA is constrained by shortage of materials since
many smallholder farmers feed crop residues to livestock. Many studies in the region have
shown the beneficial aspects of using manures to increase crop yields. The quality and
handling of manures is as important as the amounts. There is further scope for using
manures in the region (Murage et al. 2000; Irungu et al. 1996; Kapkiyai et al. 1998; Onim et
al. 1990; Tefera et al. 2002; Woomer et al, 2004).
48. Micro-catchment systems
Micro-catchment systems are runoff farming techniques in which a relatively small portion
of upslope land is allocated for runoff collection, which is "harvested" and directed to a
cultivated area (cropped area) down slope. The cropped area may be basins, pits, bunds or
ordinary tilled land. Micro-catchments are normally within-field systems since runoff comes
from within the vicinity of the cropped area. In design, they usually have a ratio of
catchment to cultivated area ranging from 1:1 to 5:1. The micro-catchment systems are
found in dry areas throughout the ESA particularly in Tanzania, Kenya, South Africa,
Ethiopia and Botswana (Critchley and Siegert 1991; Hai 1998; SIWI 2001; Hatibu and
Mahoo 2000).
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49. Micro-irrigation
Micro-irrigation techniques involve water application methods that minimize losses and
wastage, with application rates that are close to the crop water requirement. It also refers to
modern small-aperture micro sprayers and drippers. The most common types of microirrigation include bucket drip kits, pitcher pots, bamboo sub-irrigation and bottle-feeding of
young tree seedlings. Micro irrigation has gained popularity among small-scale farmers in
recent years, especially those using water harvested in tanks and small pans. This is due to
the need to make use of limited amounts of water and grow high-value crops or for tree
establishment. Micro irrigation has been popular in southern Africa, particularly in Malawi,
South Africa, Lesotho and Zimbabwe (Awulachew et al, 2005; SWMRG, 2005).
50. Minimum tillage
Minimum tillage involves land cultivation in which soil turning operations are reduced from
what is conventionally normal for a give crop or area. Thus, minimum tillage assumes many
forms, from reduced tillage operations, strip cropping, spot tillage and even zero-tillage.
Normally, special equipment such as the “magoye ripper,” which is adapted from Zambia
has become popular among smallholder farmers in the ESA. Minimum tillage is practiced
in Zambia, Tanzania, Malawi Kenya and South Africa (Biamah et al. 2000; Lundgren and
Taylor 1993; IWMI, 2006; Samazaka et al. 2003; Kaumbutho, 2000).
51. Mulching
Mulching is achieved by covering the soil surface in a cultivated field, with crop residues,
cut grass or artificial material such as plastics. The objective of mulching is to conserve soil
moisture, reduce runoff flows, evaporative losses and wind erosion, prevent weed growth,
enhance soil structure and control soil temperature. Most smallholders do mulching only
for special crops such as tomato, cabbage and potatoes due to the shortage of crop
residues. Mulch densities range between 30 percent and 70 percent, based on availability of
residues obtained from the previous season’s crop (Kibwana 2000; Liniger 1991; Kibwana
2000; Mruma and Temu 1999).
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52. Negarims
Negarims are a newer micro-catchment method of designing basins, used for the
establishment of fruit trees in arid and semi-arid regions where the seasonal rainfall can be
as low as 150 mm. In design, they are regular square earth bunds, which have been turned
45 degrees from the contour to concentrate surface runoff at the lowest comer of the
square. They are, therefore, efficient in land utilization. Negarims are practiced in Kitui,
Thika and Meru districts of Kenya for fruit tree production (Hai 1998; Critchley and Siegert
1991; Thomas 1997).

53. Ngolo pits
Ngolo or Matengo pits, are a special type of soil and water conservation practiced in the
Mbinga highlands of Tanzania. This is characterized by a pattern of square pits and ridges,
created using crop residues and weeds, on slopes about 35-60 percent steepness. The ngolo
system involves a crop rotation of mainly maize and beans, with specific activities to
maintain the pits throughout the season. It is labour intensive, but quite effective in
controlling soil erosion on very steep slopes (Edje and Samoka 1996; Temu and Bisanda
1996; Tarimo et al. 1998).

23

54. Pans
Pans are excavated shallow depressions (1 m-3 m deep), and holding at least over 100 m3
but less than 5,000 m3 of water. Pans collect and hold runoff water from various surfaces,
including from hillsides, roads, rocky areas and open rangelands. The main problems
associated with water pans include; relatively small capacities; high siltation rates; loss of
water through seepage and, high evaporation losses. To control seepage losses, plastic
lining of underground tanks and pans has been gaining popularity. Pans derive all their
inflow from surface runoff. Pans have been used for rainwater harvesting in many parts of
ESA, especially for livestock watering. Excavated pans were made popular by “food-for
work “programs in the drylands of Kenya and Ethiopia. (Cherogony 2000; Mati, 2005; Mati
et al 2005; RELMA 2005).

55. Permeable Rock Dams
Permeable rock dams are long, low structures consisting of well packed stones, creating
contour bunds across valley floors. In design they are 0.5 to 1 m in height and can be up to
50 m wide and 300 m in length. They are used for controlling gully erosion while causing
deposition of silt, and spreading and retaining runoff for improved plant growth. They are
popular in semi arid areas especially for rehabilitation of denuded rangelands (Critchley et
al, 1992).
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56. Pitcher Irrigation
Pitcher Irrigation or ‘Pot Irrigation’ is a traditional, low-volume irrigation technology that
uses baked clay pots buried adjacent the roots of the crop to be irrigated. Such pots are
made by women in the traditional way, but the clay is mixed with saw-dust to create
porosity when the pot is fired during curing. The pot is filled with water and covered with a
clay slab or polythene paper, to reduce evaporation losses. Water seeps slowly through the
porous sides of the pot. The minute hairs of nearby plants pull the water out from the pots.
The method encourages deeper rooting and reduced evaporation. The method is
commonly used for fruit-tree crop production. Pitcher pots are found in Uganda, Kenya,
Ethiopia, South Africa and Zambia (Vukasin et al. 1995; Mati 2005; IWMI, 2006; Sijali
2001; Stein 1990).

57. Plant teas
Plant teas are liquid manures prepared to quickly provide a crop with adequate natural plant
food during the growing season, and as a top dressing, particularly vegetables. In
preparation, plant teas utilize green sappy leaves and young branches of leguminous trees,
which are chopped and put in a drum of clean water. Some goat or cattle manure is soaked
in a net within the drum as well. The drum is covered and left to stand. Depending on type
of plant material used and the temperature, the plant tea is ready for use within two to three
weeks. It is usually diluted at least by 1:2 parts per volume before application (Njoroge
1994; Mati 2005).

25

58. Ponds
Ponds, like pans, are also excavated depressions (1 m-3 m deep), and holding at least over
100 m3 but less than 5,000 m3 of water. However, ponds are constructed in areas where
some ground-water recharge is possible, mostly due to high water table. Ponds are also
excavated in perennial swamps and streambeds to increase the volume of water storage and
improve inflows from outlaying areas. Since they get recharged naturally, they have few
seepage problems and are preferred to pans (Mati, 2005; RELMA 2005).
59. Pumped irrigation systems (small motorized pumps)
Pumped irrigation systems in the context of smallholder agriculture in the ESA involve
mostly small motorized pumps to withdraw water from rivers, wells and boreholes. Most
such pumps are individually owned although the farmers may belong to a group scheme.
Most pumps use petrol although for peri-urban agriculture electric powered pumps are also
used. Even with the high energy costs, farmers engaged in this type of enterprise have
recorded good profits as long as there is market stability. Powered pumping is usually
regulated by water laws, but policing the conformity to regulations can be difficult. Small
power pumps are widely used in Botswana, South Africa, Kenya, Tanzania, Swaziland,
Lesotho, Malawi, Namibia and Zambia (Mati and de Vries 2005; IWMI, 2006)
60. Rainwater harvesting
Rainwater harvesting, is water harvesting directly from rainfall or surfaces such as roofs, the
ground surface, rocks and other impermeable surfaces. The water is stored in structures
such as tanks, dams, and rock catchments, to provide water for domestic use, livestock,
commercial purposes or supplemental irrigation. Rainwater harvesting is practiced in one
form or another in nearly all the countries of the ESA. Rain water harvesting is gradually
getting recognition as a low cost technology, which is affordable, utilizes locally available
materials and is sustainable (Pacey and Cullis, 1986; Mati 2005, Critchley 19991; Kibwana
2001; SIWI, 2001; IGAD, 2001).
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61. Residual moisture in ephemeral streams
Ephemeral streams criss-cross ASAL areas in the region and are sometimes cultivated using
the residual moisture at the end of the rainy season. This has been a traditional practice
throughout Africa generally to grow “women’s crops” such as arrow roots, sweet potatoes,
fruits and vegetables in the valley bottoms. Sugarcane and rice have also traditionally been
grown in river valleys. Valley bottoms are very important for providing food security in
semi-arid areas prone to regular droughts. An analysis of farmer innovators in Mwingi
District of Kenya found that approximately half of all innovations in soil and water
management were to be found along dry watercourses. In addition, the farmers consider
the residual moisture management to be easy and therefore, adoption of related innovations
has been good (Mati 2005; Mburu 2000).

62. Reverse-Slope Bench terraces
Reverse-slope terrace, is a bench terrace that has an intra-bench slope of about 2-3 percent
on the bed in the opposite direction, such that runoff flows upslope within the bench. It
also has a raised riser that can be up to 2 m high. The terrace is designed that way for
optimum retention of rainfall. It can also be combined with water harvesting from an
external catchment, e.g. a road, to optimize the increased storage space. The larger capacity
and the fact that water is ponded on the upper side ensure stability of the structure. Despite
the high labor demand, reverse-bench terracing in the dry areas is also useful for recharging lower-lying areas due to water retention. Reverse-bench terraces are commonly
found in the ASAL areas of Kenya (Thomas, 1997; Thomas and Mati 1999).
63. Ridge and Furrow system
The ridge and furrow system is achieved by creating large beds, which are about 2.5 wide,
intervened by furrows of same width, about 1.3 m deep. On top of the ridge, an annual
crop is grown, while the furrow is used for growing fodder grass or other perennial crop
(see also trench farming). The idea is to retain moisture in the furrow longer, and thus get
fodder even during the dry season. Sometimes, bananas are grown in holes within the
furrow, thereby allowing them to use even deeper layers of the water-table during the dry
season (Mati, 2005; Njoroge, 1997).
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64. Ridging
Ridging, which is the construction of contour ridges (or contour furrows), involves making
narrow earthen bunds along the contour at a spacing of about 1-2 m. In most countries of
the ESA, ridging is normally done for crops such as potatoes, tobacco, groundnuts and
even for maize. Ridging for maize sometimes involves "earthing" up the maize rows during
the weeding process, albeit the maize is first planted on the flat. Ridging systems are mostly
suited for areas with an annual rainfall ranging from 350 to 750 mm. Ridging retards surface
runoff, improves infiltration and reduces soil erosion (Assmo and Eriksson 1999; Hatibu et
al. 2000; Critchley and Siegert 1991; Kibwana 2000).
65. Road runoff harvesting
Road runoff harvesting involve external catchment systems that capture, divert and store
storm-water flows from roads, footpaths, railway lines and other paved surfaces. They
range from simple diversion structures directing surface water into crop fields (as green
water), to deep trenches with check-dams in order to enable both flood and subsurface
irrigation. Where surface conditions permit, storage in tanks, pans and ponds can be quite
cost-effective. There have been many trials with road runoff harvesting, in Ethiopia, Kenya
and Tanzania. In Ethiopia, the Government has embarked on a wide-scale road runoff
harvesting campaign while in Tanzania, tapping road runoff for supplemental irrigation
crops is widespread and is credited with 30 percent of the rice produced in the country. In
Lare Division, Nakuru District of Kenya, road runoff harvesting has transformed rural
livelihoods where farmers use the water to irrigate marketable produce and high adoption
rates have been recorded. Thus, road runoff harvesting is considered to offer a large
untapped potential for “greening” the drylands of the region (Thomas 1997; Hatibu et al.
2000; Tuitoek et al. 2001; SIWI 2002; Haile et al. 2000; Mati, 2005).
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66. Rock Catchment
Rock catchments are technically some type of ground catchment system. They are,
however, considered as a separate category because they are so different from other ground
catchment systems having several distinctive features such as gravity flow supplies. The
runoff is channeled along stone and cement gutters constructed on the rock surface into
reservoirs contained by concrete or stone masonry dams, or into tanks. Rock catchments
can yield large quantities of water e.g. 100 mm of rain is equivalent to 1000m3 of water per
hectare if suitable dam sites can be located. Where the rock at a higher elevation than the
surrounding land, the water can be supplied to stand pipes through a gravity-fed pipe
network. The main drawback with rock catchment systems is that water quality gets easily
contaminated from the catchment surface by humans or animals. Since rock catchment
reservoirs are often large, it is normally not practical to cover them, and as a result, they are
subject to significant evaporative losses. Rock catchments have been popular in the Kitui
and Laikipia districts of Kenya (Gould and Nissen-Peterssen, 1999; Mati, 2002).
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67. Roof water harvesting
Roof catchments from homes, schools, shops and other buildings have for long been used
to harvest rainwater and store it in above-ground tanks. Most of this water is used for
domestic purposes. However, roof runoff harvesting is also used for agricultural purposes
including micro-irrigation of kitchen gardens, watering livestock, and for bee keeping
projects. Generally, surface tanks may vary in size from 1 m3 to more than 40 m3 for
households and up to 100 m3 or more for schools and hospitals. The tank size is dependent
on the rainfall regime and the demand. One benefit of surface tanks (compared to subsurface tanks) is that water can be extracted easily through a tap just at the base of the tank.
Placing it on a stand or base elevates the tank, so that the water can be piped by gravity to
where it is required. In addition, construction of such water tanks makes use of locally
available materials and local artisans, thus creating employment. Roof water harvesting is
popular in Lesotho, Zambia, Kenya, Tanzania, Uganda, South Africa and Zimbabwe
(Gould and Nissen-Peterssen 1999; Mati 2002; IWMI, 2006).
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68. Root zone basins
Root zone basins are circular pits, but deeper than zai or other normal pits. In design, they
are about 0.6 m to 1.2 m in diameter, and 0.1 m to 0.3 m in bund-height. The depth of
tillage within the basin is usually increased up to 0.6 cm with a view to improve root zone
storage capacity for the harvested water. Moisture retention in the root zone is enhanced
through addition of manure, mulching and using vegetative materials. Root zone basins are
predominantly external catchment systems utilizing runoff (paths, roads and compounds)
with the use of slightly raised bumps, which are about 0.05 m high across the path, into
collecting channels, and from there the water is directed into the basins (Bittar 2001; Mati
2005).

69. Runoff farming
Runoff farming (runoff harvesting, water spreading) is the deliberate collection of rainwater
from a surface (called a catchment) and its storage in the soil profile. Runoff farming
technologies (see also micro-catchment systems, spate irrigation, water harvesting), are used
for supplemental irrigation of crops in marginal areas, allowing a crop to survive drought
and improve yields, even under insufficient rainfall (Critchley et al 1992; Critchley and
Siegert, 1991).
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70. Runoff harvesting from hillsides and open surfaces
Runoff may be harvested from rocks, hillsides and open surfaces and channeled into large
basins or directly onto cropped land. Research in Baringo District of Kenya showed that
due to the high runoff producing characteristics of the hillsides, rainfall storms of as little as
8 mm were able to initiate surface runoff. In field trials using runoff-harvesting system
with a catchment size of one hectare, 48 percent of showers greater than 10 mm produced
sufficient runoff to cause inflow into bunded basins. Field crops such as sorghum and
millet are grown in otherwise very arid conditions (Critchley and Siegert 1991; Imbira 1989;
Hatibu and Mahoo 2000).

71. Sand dam
A sand dam is a reservoir created when a short wall is constructed across the sand river to
restrict surface flow, allowing the water and sand carried by the flood to settle and get
stored in the dam. To avoid collecting silt, a sand dam is built up in stages for several years,
and the dam wall is increased by 0.3 m after floods have deposited sand to the level of the
spillway. The foundation should go down to the impervious layer below the sand. This
allows sand to be trapped upstream of the dam wall increasing the overall storage capacity
of the riverbed. Sand dams are similar to subsurface dams except that the top of the dam
wall exceeds the level of the sandy riverbed. The advantage with sand river storage is that it
normally represents an upgrading of a traditional and hence, socially acceptable water
source. Because the water is stored under the sand it is protected from significant
evaporation losses and is also less liable to be contaminated. Water from sand dams is used
for livestock watering and can also be used for supplemental irrigation of crops (NissenPeterssen, 1996; Nissen-Peterssen 2000; Mati, 2005).
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72. Semi-circular bunds (demi-lunes or half-moon bunds)
Semi-circular bunds (also known as demi-lunes or crescent-shaped bunds) involve making
earth bunds in the shape of a semi-circle with the tip of the bunds on the contour. The
dimensions of the holes and the spacing of the contours are dictated by the type of crop or
the farming system. In design, the holes are made with a radius of at least 0.6 m and a depth
of 0.6 m. The sub-soil excavated from the pit is used to construct a semi-circular bund with
a radius ranging from 3 m to 6 m on the lower side of the pit. The bund height is normally
0.25 m. The excavated planting pits are filled with a mixture of organic manure and topsoil
to provide the required fertility and also to help retain the moisture. They are found in areas
where annual rainfall ranges from 200 mm to 275 mm, and land slopes are less than 2
percent steepness for both rangeland rehabilitation and annual crops. Semi-circular earth
bunds are commonly made in the semi-arid areas of Kenya, Ethiopia and Tanzania for
runoff harvesting of young tree seedlings. (Hai 1998; Critchley and Siegert 1991; Duveskog
2001; Bittar 2001; Thomas 1997; Mati 2005).

73. Silt trapping
Silt trapping, involves creation of temporary dykes across a seasonal stream, to divert the
flood waters. On the allocated land, the flow is slowed down with tree branches and other
impediments, allowing the silt within it to be trapped and to settle over an otherwise poor
sandy or rocky farmland. The excess water is re-directed back to the watercourse. Over
time, a fertile layer of soil builds up, which can hold moisture more effectively and enable
crop production. This innovation has been practiced in the dry areas of Mwingi in Kenya
and Dodoma in Tanzania (Thomas and Mati 1999; Critchley et al, 1999).
74. Soil borrowing
Soil borrowing from rich valleys to top-dress degraded areas is sometimes used for
rehabilitating poor and degraded lands. The fertile soil is ferried using wheelbarrows from
nearby areas to cover and reclaim land creating enough soil depth to enable production of
irrigated high-value vegetables. The land so treated improves soil fertility and moisture
retention properties. The practice is common in Tanzania, Ethiopia and Kenya (Mutunga et
al. 2001; Critchley et al. 1999).
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75. Spate irrigation
Spate irrigation, or diversion of flood flow from highlands into lowlands and "wadis", has a
long history in the Horn of Africa, and still forms the livelihood base for rural communities
in arid parts of Eritrea and the upper rift valley in Ethiopia. Storm-floods are harvested
from rainfall-rich highlands, and diverted into leveled basins in the arid lowlands. In
Eritrea, the embankments conveying the storm-water can be extremely large (5 m to 10 m
high), and are built by shoveling the sandy soil using animal traction. The maintenance of
the embankments is very labor intensive; hence it is carried out on a community scale, spate
irrigation is also practiced in the drought-prone regions of Dodoma, Singida, Tabora,
Shinyanga, Arusha and Mwanza of Tanzania, where, combined with the Majaluba RWH
system, the yield of rice increased from 1 to 4 t ha-1 (Gallet et al. 1996; Negassi et al. 2000;
Haile and Tsegaye 2002; SIWI 2001).
76. Spot tillage
Spot tillage or pitting, involves using special tools or augers, to dig small pits just enough
for one or two seeds of grain (see also Chololo pits). The land is not tilled and the holes are
dug over the old crop residues, while weeds are controlled with herbicides. The digging of
small planting pits with hand-hoes can be quite efficient in concentrating surface water and
plant nutrients as well as breaking hard plough pans. The technique is labor intensive, but
simple and is an efficient way of assuring a crop survival even when rainfall is inadequate
and resources such as fertilizers and manure are unavailable. It is commonly practiced in
Tanzania, Kenya and Zambia (Thomas 1997; Mati 2005).
77. Sprinkler irrigation
Sprinkler irrigation, is the application of irrigation water to crops through pressurized
systems as a spray that tries to mimic natural rainfall. Though majority of farmers in the
ESA use surface methods of irrigation, sprinkler irrigation is gaining adoption especially
among farmers who grow high value crops, and those utilizing pumped irrigation systems.
As farmers are getting aware of the need to conserve water and lower the costs of pumping,
micro-sprinklers have been adopted in such countries as Kenya, Swaziland and South
Africa (IWMI, 2006; Mati and de Vries, 2005).
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78. Stream-flow Diversions
Stream flow diversion using canals or pipelines is one of the most ancient and reliable
methods of water management for agriculture. Usually, the water flows by gravity from the
stream to the cultivated fields. Smallholder farmers divert streams either as individuals or in
small group schemes, to irrigate high value crops. The initial investment may be low and
require only labour. A small weir is usually constructed across the stream to raise the water
level and allow some storage. In the Pare Mountains of Tanzania, stream diversion and
water storage in overnight reservoirs known as “Diva” is an indigenous technique which
has been applied in water scarce areas with good results. There is good scope for enhanced
crop production through use of existing rivers in the ESA, where less than 5 percent of the
potential has been tapped in most countries of the region.
(Thomas and Mati 2000; Mati and de Vries 2005).
79. Strip cropping
Strip cropping is planting alternating strips of two or more different crops in a field across
the slope, in such a way as to achieve optimum soil and water conservation. Usually, a strip
of perennial crop alternates with a strip planted to an annual crop. Strip cropping can be
well coupled with the planting of contour vegetative strips, shelter belts and other water
and soil conserving techniques. Strip cropping is useful for enabling crop rotation (within
the same field in the same year), protection from wind and water erosion and water
conservation (Wenner, 1981).
80. Strip cultivation
Strip cultivation or No-till strip cropping, is a method of minimum tillage. It involves tilling
the land in strips at the position of the crop rows, leaving the rest of the land untilled, to
generate runoff and reduce labor. Tined implements are usually used. The animal-drawn
“magoye ripper,” which is adapted from Zambia has become popular among smallholder
farmers in East Africa. It digs 25-30 cm into the soil breaking the plough hard pan. It can
also be used to make furrows about 80 cm apart. In Arusha Region of Tanzania, where
annual rainfall ranges from 400 mm-1,200 mm, the strip cultivation was found to reduce
labor and enhance crop yields in the dry years (Biamah et al. 2000; Elwell et al. 2000).
81. Stubble mulch tillage
Stubble mulch tillage involves retaining the past season’s crop residue by incorporating it
into the soil during primary tillage. The residues are chopped and spread on the surface or
incorporated during tillage with tined implements such as the chisel plough. Stubble mulch
tillage reduces labor and farm-power requirements, and as such, it is cost-effective. The
system results in improved soil structure, thereby reducing direct impact of raindrops on
bare soil, and thus minimizing soil erosion. The technique has been used for water
conservation especially in the mechanized large-scale farms growing wheat and barley.
Stubble mulch tillage is found in Kenya, Zimbabwe, and South Africa (Morgan, 1995;
Okwach, 2000; Mati 1999).
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82. Subsurface dam
A subsurface dam is a reservoir created when an embankment is constructed across a sand
river to restrict surface flow, allowing the water and sand carried by the flood to settle and
get stored in the dam. However, unlike a sand dam, in a subsurface dam, the embankment
wall is below the surface of the stream bed. A subsurface dam can be constructed with
stone masonry or compacted clay. The foundation should go down to the impervious layer
below the sand. Therefore, where deep sand can be found, it is cost-effective to consider
the possibility of subsurface sand dams for the storage of the harvested water. Subsurface
dams may also be located where there is a natural dyke in the riverbed, which stores water.
Sometimes the structure is integrated with a drift for river crossing purposes, thereby
costing much less. The water in the sand dam can be reserved for a long time due to low
evaporative losses. Water from sub-surface dams is used for livestock watering and can
also be used for supplemental irrigation of crops (Nissen-Peterssen, 1996; Nissen-Peterssen
2000).
83. Sub-surface Irrigation
Subsurface irrigation or sub-irrigation, involves the application of water to crops from the
underground. This can be achieved through the use of a buried pipe system or by
excavated sub-surface ditch system. The buried pipes are made of baked clay pipes,
perforated PVC piping or porous jars, but if non-porous materials are used, tiny
perforations in the pipe are made to allow the water to seep into the ground. A separate
pipe conveys the water from the supply (e.g. a tank) to the buried pipe. In the subsurface
ditch system, water is supplied to ditches and infiltrates into the subsoil in order to maintain
an optimum groundwater level for crop production. The applicability of this system is very
limited. It requires a level ground surface and favorable soil permeability. It is not suitable
on soils with deep groundwater and natural drainage, or in arid or semi-arid climates
(salinity hazard).
84. T-Basins
T-basins comprise a series of interconnected square or semi-circular basins (looking like an
inverted T), connected to external catchments such as footpaths and roads through a
system of narrow channels. The water generated from the catchments is conveyed to the
basins via the channels. The water collected in this manner is held in the T-basins, from
where it infiltrates into the root zone of the surrounding crops. As opposed to the circular
root zone basins, this system can be used for both tree and non-tree crops. The technique
is popular in Mwingi district and also in western Kenya (Bittar 2001).
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85. Terracing
A terrace is a more or less change in slope profile with a reduction in gradient and/or slope
length of the planted area. It is a broad term to include structure made across a slope such
as ditches, earth bunds, stone bunds and vegetative barriers, which are normally referred to
as soil and water conservation (SWC) structures, and are primarily promoted to reduce soil
erosion. On sloping lands, terracing is necessary for reducing overland flow rates, thereby
contributing to water and nutrient conservation. All countries in the ESA have different
types of terraces (Critchley 2000; Thomas, 1997; Hudson, 1995; Hurni 1993; Lindgren,
1988; WOCAT, 1997)
86. Tied Ridging
Tied ridges are a modification of the normal contour ridges, used for water conservation in
dry areas. The technique involves digging major ridges that run across the predominant
slope, and then creating smaller sub-ridges (or cross-ties) within the main furrows. The final
effect is a series of small micro-basins that store rainwater in-situ, enhancing infiltration.
Depending on the system, the crop is planted at the side of the main ridge, to be as close as
possible to the harvested water while also avoiding water logging in case of prolonged rains.
Tied ridges have been found to be very efficient in storing the rain water, which has
resulted in substantial grain yield increase in some of the major dryland crops such as
sorghum, maize, wheat, and mung beans in Ethiopia. The average grain yield increase
(under tied ridges) ranged from 50 to over 100 percent when compared with the traditional
practice (Georgis and Takele 2000; Georgis, 2002; Thomas, 1997; Critchley et al, 1992).
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87. Tower garden (or Bag gardening)
A tower garden (or bag gardening) is a small irrigated kitchen garden designed to utilize
kitchen waste water. Bag gardens come in many shapes and sizes. A typical garden is
prepared utilizing a used jute bag, especially those used in packaging sugar or cereals. Holes
are first punched about 2 cm in diameter and at a spacing of 0.25 m-3.0 m starting about
0.15 m from the bottom. The bag is then filled with soil that contains about 20 percent well
decomposed manure. A watering shaft is created in the soil by placing three posts at the
centre of the bag, then packing the space in between with gravel and straw. This shaft acts
like a vertical piped sub-irrigation conduit. The garden may be placed on a pedestal to keep
it out of reach from pests and predators. Vegetable seedlings such as kales, tomato or
spinach are planted through the holes as well as at the top of the bag, which is covered with
mulch. Depending on bag size and crop type, a plant population of 20-50 is possible. The
bag garden is kept in the sunshine. Bag gardening forms an economical way to grow
vegetables on limited spaces, as it utilizes air space above the physical limits of the farm.
The gardens are suitable for both rural and urban areas, including families living in flats. In
addition, pests and diseases are fewer and easier to control. Bag gardens are commonly
found in Kenya, Uganda and Tanzania and have recently been adopted in South Africa
where they are called “tower gardens” (Njoroge 1997; Mati 2005).

88. Trapezoidal bunds
Trapezoidal bunds are large structures, sometimes over 100 m long along the contour with
the wing walls turned about 135 degrees facing upslope. The bunds are usually spaced
about 20 m apart, and overflow arrangements are made in a way that excess runoff from
one bund can find its way to the next. Field crops such as sorghum and millet are grown in
the basins. Trapezoidal basins of this nature utilize external catchment or runoff from
beyond the immediate cropped area. The main concern is whether trapezoidal bunds are
socio-economically viable depending on labor costs, and what equipment is used to
construct them. Trapezoidal bunds have an indigenous origin and are used by farmers in
several arid and dry semi-arid environments in the Horn of Africa (Kenya, Somalia and
Sudan). An example is one called the "teras" system, a widespread system of large earth
bunds with straight walls, used to cultivate drought-tolerant crops, e.g., sorghum, in areas
with a low annual rainfall of 150-300 mm (van Dijk and Reij 1994; Critchley and Siegert,
1991).
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89. Trash lines
Trash lines are buffer strips created by arranging the previous season’s crop residues or any
other dead vegetative materials, in lines across the slope. Trash lines on sloping land can be
managed to develop into level bench terraces over time. They are preferred in areas where
slope is gentle, crop residues are available and there is no termite problem. Trash lines are
an indigenous technology in most countries of the ESA (Wenner 1981; Thomas 1997;
Hudson, 1995).
90. Treadle pumps
A treadle pump is a low-head, manual pump designed to overcome common obstacles of
resource-poor farmers to irrigation. It can lift five to seven cubic meters of water per hour
from wells and boreholes up to seven meters deep, as well as from surface water sources
such as lakes and rivers. There are two types: those that lift water from a lower level to the
height of the pump commonly called suction pumps, and those that lift water both from a
lower level and lift it to a height greater than the height of the pump, known as pressure
pumps. In all forms, water is pumped by two direct displacement pistons, which are operated
alternately by the stepping motion of the user. The treadle pump has an important
advantage over motorized pumps for irrigation of agricultural land of less than one hectare:
it is considerably less expensive to purchase and operate, needing no fuel and limited
maintenance. Treadle pumps are popular in Lesotho, Malawi, Swaziland, Tanzania, Zambia
and Zimbabwe (Mangisoni, 2006; Kay and Brabben, 2000; IWMI, 2006)
91. Trench farming
Trench farming involves digging a small furrow measuring about 0.6 m deep and 0.6 m
wide across the slope, at a spacing of 0.9 m apart, edge to edge. The furrow is packed with
crop residues (manure is added if possible), then backfilled, resulting in a bed about 0.15 m
high. In the low rainfall areas in parts of southern Ethiopia, farmers have developed a
highly specialized trench farming system. The land is prepared in multitudes of circular
depressions (3 to 4 m in diameter and less than 1 m deep). Trench farming maximizes soil
moisture storage in the crop root zone by soaking and storing most of the rain water. The
trench can be re-used with good results for up to four crop seasons (SIWI, 2001; Hamilton
1997; Critchley et al. 1999).
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92. Tumbukiza pits
Tumbukiza pits are relatively larger pits used for fodder production, usually accompanied
by some level of supplementary irrigation. It involves digging huge pits, which are least 0.60.9 m in diameter and with similar dimensions in depth. The pits are then filled with trash
and vegetative material, including farmyard manure and topsoil. A fodder crop is usually
grown in the pit, preferably napier grass. During the dry season, the farmer applies about
20-litres of water per pit on a given day, and this amount of water is well retained enabling
the “irrigation interval” to be stretched to three weeks or more. The fodder therefore grows
rapidly, making it possible to have at least a fodder harvest per pit per month. Tumbukiza
pits have been popular in Kenya for smallholder dairy development (Mati and Mutunga
2005; Mati 2005).
93. Underground tanks
Underground tanks are constructed below the ground and have lower construction costs
and therefore, are more suited for storing agricultural water than surface tanks. They are
especially suited to homesteads having thatched roofs and other traditional structures or for
areas where a roof catchment may not be feasible. Underground tanks can also collect
runoff from other surfaces such as roads, footpaths, hillsides paved areas. However, it may
be necessary to pump (lift) water, except where the ground gradient permits and where
gravity outlets are constructed. Underground tanks can be designed as spherical or
cylindrical and constructed using bricks. These small tanks (20 to 50 m3) permit irrigation of
small kitchen vegetable gardens, and can be quite cost-effective. Rectangular and semicircular plastic lined tanks are also gaining popularity due to the ease of construction, and
also the fact that they are more affordable. In recent years, the Ministry of Water Resources
in Ethiopia has been promoting water harvesting through the excavation of underground
tanks and pans and in some cases they have used plastic linings. Underground tanks are
found in Ethiopia, Kenya, Malawi and Zimbabwe (Nega and Kimeu 2002; Cherogony
2000; Ngigi 2003; IWMI, 2006; Mati 2005).
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94. V-Basins
These are excavated basins, having a “V” shape, and with a capacity of about 2.5 m3. They
are constructed with 10 m ridges extending upslope, but the tips lie on the contour. There
is no precise spacing between individual micro-catchments, but in practice, the catchment
area can be up to 150 m2 in the driest areas. In certain more favorable zones, an alternative
design is used for individual catchments of 5 m by 5 m and pits of 1.2 m3 capacity. Tree
seedlings are planted in the pit at the base of the “V” immediately after the beginning of the
rains. Found in the Turkana Region of Kenya (Critchley et al. 1992).
95. Valley-bottom utilization (Dambos)
In areas where the natural water table is high or on waterlogged valley bottoms (dambo),
farmers utilize this storage directly for crop production. This is also known as flood
recession agriculture, and wetland (dambo) cultivation. The method of cultivation of flood
plains as flood waters recede varies. For example, in Zimbabwe, farmers utilize a system of
beds and furrows, to grow paddy in the waterlogged furrows and field crops on the drier
raised beds. In Malawi, fish ponds are constructed and the same water used for
supplemental irrigation of paddy and other field crops. Cultivation of inland valley lowlands
which are seasonably saturated with water and retain a high water table even during the dry
season is also reported Tanzania, Uganda, Madagascar, Rwanda, Malawi, Mozambique,
Swaziland, Zimbabwe, Zambia and indeed most countries, where high wetlands can be
found. (Mutunga et al. 2001; Critchley et al. 1999; IWMI, 2006; McCartney et al. 2005)
96. Vegetative Buffers
Vegetative buffers are soil and water conservation practices, that utilize biological methods.
They comprise natural vegetative strips which are left un-ploughed across the slope during
land preparation leaving a living buffer strip, especially in dry areas where grass strips have a
slim chance of survival. Vegetative buffers can also be planted. Popular materials include
euphorbia, sisal, croton or natural bush. Vegetative buffer strips are found in most
countries of the ESA (Mati, 2005; Wenner 1981; Thomas, 1997).
97. Water conservation
Water conservation is the physical control, protection, management, and use of water
resources, in such a way as to maintain crop, grazing, and forest lands, vegetative cover,
wildlife, and wildlife habitats for maximum sustained benefits, for people, agriculture,
industry, commerce, and other segments of the national economy. It includes; (i) making
optimal use of rainfall, (ii) increasing efficiency of irrigation water use, (iii) selecting best
suited crops and cropping methods, (iv) reducing losses of stored water, and (v) improving
water availability (e.g. through aquifer recharge). Water conservation therefore improves the
availability of rainwater, surface runoff or irrigation water for agricultural purposes, reduces
the present size of water demand, and protects water resources from being polluted or
wasted. Water conservation also involves selecting best suited crops and cropping methods,
using crops of high water use efficiency, making use of structures, practices and
technologies that are efficient in water capture and soil moisture retention (FAO, 2002).
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98. Water harvesting
Water harvesting encompasses all activities where water is collected, stored and utilized in
either the blue or green form. It includes harvesting rainfall directly, as well as floodwater
harvesting (see also rainwater harvesting, flood farming). It is achieved in many ways, and
the water can be stored in tanks, ponds, dams or channeled into the soil profile (Oweis,
2001; Critchley and Siegert, 1991).
99. Zai pits
Zai pits (or zay pits) utilize shallow, wide pits that are about 0.6 m in diameter and 0.3 m in
depth, in which four to eight seeds of a cereal crop, e.g. maize, is planted. Manure is usually
added into the pit to improve fertility. It works by a combination of water harvesting and
conservation of both moisture and soil fertility in the pit. There have been some
modifications of the zai system in the ESA. For instance, the "katumani-pit", which is
wider than the zai, while in southern Tanzania the pits are made bigger and deeper (at least
0.6 m deep), with some 20-litre volume of manure added. The zai system has been adopted
from the Sahel Region of West Africa and is commonly practiced in the ESA (Critchley
and Siegert 1991; Reij et al. 1996; Malley et al. 1998; Hai, 1998).

100. Zero tillage
Zero tillage or no-till system, is minimum tillage at its most absolute. It involves growing a
crop in a field which has had no tillage operations preceding the planting. The land is planted
by direct seed drilling without opening any furrows or pits. Old crop residues act as a mulch
and weeds are controlled using herbicides. In the dry areas of East Africa, zero tillage has not
worked well due to poor infiltration, since most ASAL soils have surface-sealing problems,
and the costs of herbicides are prohibitive to small holder farmers (Thomas 1997; Biamah et
al, 2000; Mati 2005).
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3. Conclusions and Recommendations
The above compendium contains 100 AWM technologies and practices commonly found in the
ESA. However, this list is not exhaustive and many other technologies exist. Even then, the 100
interventions presented here can be merged into 10 broad-categories of AWM interventions,
which have been widely adopted and documented to show various levels of bio-physical
applicability, economic viability and social acceptability for smallholder agriculture in the ESA
region. These interventions are locally adaptable and do not involve developing expensive
engineering infrastructure. They are summarized as follows:
1. The range of techniques, which require some level of slope reduction, and mostly involve
terracing. They reduce surface runoff flows, soil erosion and water losses, and thus achieve
soil & water conservation by increasing infiltration and soil water storage. The actual
technologies could be contour bunds, fanya juu terraces, vegetative strips, stone lines,
bench terracing etc. Many countries have good examples including Ethiopia, Kenya,
Rwanda, Tanzania.
2. Another category is utilization of valley bottoms (dambos), by a combination of drainage
and water storages to permit irrigation, including fisheries. There are good examples in
Malawi, Mozambique, Rwanda, Zambia and Zimbabwe.
3. Runoff harvesting from micro-catchments and storage within the soil profile. This
comprises a range of within-field water harvesting techniques in which the land is treated
into small runoff producing and run-on areas where the soil can hold moisture relatively
well, examples in Kenya, South Africa, Uganda, Tanzania.
4. Another intervention involves runoff diversion from larger external catchments such as
roads, gullies, open fields into micro-basins for crops, ditches or fields (with storage in soil
profile) including paddy production where the profile can hold water relatively well.
Examples in e.g. in Tanzania, Kenya.
5. Runoff harvesting and storage in small ponds and tanks, for use in supplemental irrigation
to drought proof dry spells. The tanks and micro-dams may be lined with plastic sheeting,
clay grouting or concrete. The water may also be used for livestock watering, examples in
Ethiopia, Kenya and Tanzania.
6. Spate irrigation, practiced in dry areas having high flush floods. The runoff water is
diverted through canals or wadis for supplemental irrigation of low-lying lands, sometimes
far way from the source of runoff. Good examples in Eritrea, Ethiopia and Sudan
7. Conservation tillage, has also been gaining popularity as a method of reducing labour and
enhancing soil moisture conservation, examples in Madagascar, Tanzania, Zambia and
Zimbabwe.
8. Diversion of stream flows and utilization in gravity fed smallholder irrigated fields (furrow,
basin simple sprinklers). The practice is common in most countries but more in Kenya,
Lesotho, Madagascar, Swaziland, South Africa, Tanzania, Rwanda.
9. Use of low-head and small-powered petrol and electric pumps, including treadle pumps to
lift water from rivers, small ponds and shallow water tables for supplemental irrigation
(examples in Kenya, Malawi, South Africa, Swaziland, Tanzania and Zambia).
10. Soil fertility interventions, fertilizers, manures, mulches and LEISA systems have been applied in
nearly all the countries. These should accompany any of the “water management” interventions
mentioned above.
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Appendix 1: About IMAWESA
The Improved Management of Agricultural Water in Eastern and Southern Africa (IMAWESA) is
a three-year project supported by IFAD, and implemented by ASARECA through its Soil and
Water Management research network (SWMnet), in close partnership with ICRISAT, UNOPS
and national programmes on agricultural water management in 23 countries within Eastern and
Southern Africa (ESA). The countries targeted by this project include: Angola, Botswana,
Burundi, Comoros, Democratic Republic of Congo, Eritrea, Ethiopia, Kenya, Lesotho,
Madagascar, Malawi, Mauritius, Mozambique, Namibia, Rwanda, Seychelles, South Africa, Sudan,
Swaziland, United Republic of Tanzania, Uganda, Zambia and Zimbabwe. The goal of
IMAWESA is to contribute to poverty reduction through improved policy, institutions, practices
and performance of smallholder management of agricultural water in ESA. The purpose is to
strengthen capacity of stakeholders to plan and utilize best options and enabling framework for
smallholder management of agricultural water in ESA. IMAWESA is designed to achieve the
following results:
1. Enhanced policy dialogue for improved pro-poor enabling framework for smallholder
management of agricultural water in the ESA,
2. Enhanced understanding by stakeholders and development partners, of key issues
(technical, economic, social and environmental), to guide future interventions and
investments in AWM in the Region,
3. Strengthened capacity and improved effectiveness in the management and
implementation of AWM projects and programmes in the Region; and
4. Enhanced sharing of knowledge and best practices in smallholder management of
agricultural water, within and across the Region.
IMAWESA was borne out of the realization that knowledge and experiences from decades of
project implementation, particularly in water management for agriculture, were not filtering up-wards
to influence policy, were poorly infiltrating downwards to impact on poverty among smallholder
farmers and were not spreading outwards rapidly enough to reach many people quickly. More
specifically, the aim of Output 2 of IMAWESA is to contribute towards guiding future investments in
Management of Agricultural Water by IFAD and other development partners in the region. To support this aim,
it is planned to: Undertake studies on key issues of operational significance for investment on best-bet options for
Management of Agricultural Water. Given the overwhelming importance of rainfed farming in the region,
a priority issue to be covered includes the identification of options for field level innovations in
rainfed farming and quasi-irrigated systems, focusing particularly on mitigating the effects of dry
spells. This report provides background material in preparation of these studies.
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