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Abstract: Increasing agricultural productivity in Africa will have important impacts not only on the agricultural sector but also
can be a catalyst for industrialization through agro-processing. Irrigation, therefore, has a crucial role in enhancing food
security and reducing hunger in the region. Numerous countries in Africa consider water and irrigation management as a key
factor in improving their food security and ensuring access to drinking-water for their populations. Fortunately, there is
evidence from a number of places on the continent where the adoption of efficient irrigation systems has led to higher
productivity among smallholder farmers. While the appropriate interventions for the diverse agro-ecological zones of
sub-Saharan Africa are known, adoption among smallholder farmers still remains a challenge. Digital technology opens the
vast untapped potential for farmers, investors, and entrepreneurs to improve the efficiency of food production and consumption

in Africa.
environmental benefits.
technologies.

generation, by significantly transforming the industry that employs most of its citizens.

From precision farming to an efficient food supply chain, technology could bring major economic, social, and
Increasing investment and involvement of the private sector is crucial for the up-scaling of irrigation
Indeed, the sheer optimism across the startup ecosystem is that extreme hunger can be cured in Africa, in this

This paper draws on lessons from past

trends in the irrigation industry and emphasizes on novel directions to ensure that farmers, as well as other stakeholders reap the

benefits associated with improved technologies.
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sub-Saharan African region.

1 Introduction

Irrigation is critical to both food production and food security.
Over the past decades, significant advances have been made in
irrigation efficiency in technologies such as low-pressure center
pivot sprinkler systems or sub-surface drip irrigation systems, small
motorized pumps, drip Kits, treadle pumps, rope and washer pumps
in the sub—Saharan African (SSA) region. However, challenges
remain and still reveal more opportunities for continued
improvements in water use efficiency through the application of
situation-appropriate  efficient technologies (high untapped
irrigation potential; rainwater harvesting to improve water
availability, low-cost irrigation technologies adaptable to local
conditions;  traditional schemes rehabilitation) and other
management practices (high commitment of national governments,
NGOs and donors to smallholder irrigation expansion). The
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Irrigated agriculture for food self-sufficiency in the

majority of SSA countries are stricken by food shortages and
undernourishment, with much of the population lacks reliable
access to food supplies and basic dietary requirements. Africa’s
future is closely linked to its demographic changes, demanding due
attention: both towards reducing extreme fertility; and to the
adaptation to the rapid expansion of middle-age population strata in
response to growing life expectancy. Most regions cannot expect
long-term food self-reliance, making national economic planning
essential to secure an industrial development for generating
necessary foreign currency. Despite a marked growth in global
food production in the past half-century, more than one in seven
people today still do not have access to basic dietary requirements
and sufficient protein and energy input.  Africa remains
dependent on food imports unable to feed its people on domestic
production alone. Escalating food costs have pushed levels of
import expenditure to the breaking point. Only one-third of
African countries have enough agriculture export revenue to pay
for food imports bills while total food imports are increasing on
average at 3.4% a year. Although Africa has abundant land and
water resources, food insecurity is a common problem and
importing food not only drains limited national budgets but can
have a negative effect for low-income households who struggle to
buy basic food items. Pockets of severe food insecurity continue
to pose challenges to African governments in the Sahel, the Horn of
Africa and the Democratic Republic of the Congo, and food often
becomes a weapon of war.  According to Spielman et al.”?, South
Asia and sub-Saharan Africa are the regions most affected by
unreliable food access and undernourishment with 30 % of world
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hunger concentrated in the latter region alone®. Irrigation in
Africa has not developed to the same extent as in Asia hence
smallholder irrigation expansion  would significantly
increase agricultural production, and reduce food insecurity and
poverty levels.

Experience in sub-Saharan Africa (SSA) has shown that
successful smallholders generally use simple technologies and have
secure water supplies over which they have full control. The most
successful technologies are those that improve existing farming
systems rather than those that introduce radically new ideas. A
wide range of well-established traditional technology options is
available for use by smallholders including water harvesting, swamp
irrigation, spate irrigation, flood plain irrigation using seasonal
water and shallow aquifers, hill irrigation, and groundwater
irrigation. There is still, however, considerable room to improve
and adapt these traditional technologies to different circumstances.
In recent years there has been a growing interest in new technologies
to carry and apply water. These usually cost much more than
traditional methods and rely very much on external specialist
support from suppliers and distributors. Distribution technologies
such as trickle and sprinkle irrigation and piped supplies for the
more traditional surface methods can help farmers to manage their
water better as well as reducing wastage. All these technologies
have the potential to raise the productivity of water and labor. But
they are really only accessible to those farmers who can afford to
buy them and who are growing cash crops such as vegetables, fruits
and flowers. They are unlikely to be taken up by poor farmers.

Precise irrigation may not be as important to smallholders as it
is to farmers in the developed world. This depends on how much
precision is lost and it may well be that low-cost systems, although
not perfect, are far better at applying water than the other methods
used by farmers. The farmer’s ability to manage the irrigation
application properly is more important than worrying about some of
the system’s technical shortcomings. The concept of precision
agriculture first emerged in the United States in the early 1980s. In
1985, researchers at the University of Minnesota varied lime inputs
in crop fields. It was also at this time that the practice of grid
sampling appeared (applying a fixed grid of one sample per hectare).
Towards the end of the 1980s, this technique was used to derive the
first input recommendation maps for fertilizers and pH corrections.
The use of yield sensors developed from new technologies,
combined with the advent of GPS receivers, has been gaining
ground ever since. Today, such systems cover several hectares in
the region. In the American Midwest (US), it is associated not with
sustainable agriculture but with mainstream farmers who are trying
to maximize profits by spending money only in areas that require
fertilizer. This practice allows the farmer to vary the rate of
fertilizer across the field according to the need identified by GPS
guided Grid or Zone Sampling. Fertilizer that would have been
spread in areas that don't need it can be placed in areas that do,
thereby optimizing its use. Maintaining the homogeneity of soil
nitrogen (N) and plant vigor across agricultural fields is a major
concern for farmers and agricultural scheme planners, particularly
fields that are irrigated through pressurized systems, such as center
pivotst,

Smartphone and tablet applications are becoming increasingly
popular in precision agriculture. Smartphones come with many
useful applications already installed, including the camera,
microphone, GPS, and accelerometer. There are also applications
made dedicated to various agriculture applications such as field
mapping, tracking animals, obtaining weather and crop information,

and more. They are easily portable, affordable, and have a high
computing power!,

Low-cost technologies refer to modern technologies that have
been developed or modified in some way to bring down their cost.
An excellent example is the treadle pump, which was developed
especially as a low-cost pump for smallholders and continues to be
adapted for particular local needs and markets in the region.
Low-cost systems of water conveyance and distribution have not
been comprehensively tested and evaluated in the region, with the
exception of treadle pumps. The adoption by smallholders of
treadle pumps to replace the onerous task of lifting and carrying
water and the way in which the support services have developed
offers lessons for the promotion of other irrigation technologies.

The region is still challenged with rapid population growth
which affects the ability of countries to assure a stable supply of
and access to food. Despite concerted efforts over the last two
decades, the rate of poverty reduction in SSA has been far lower
than in other regions of the world. The number of poor people in
SSA, living with less than US$ 1.25 a day, has declined by 23%
between 1993 and 2011 compared to the world average of 59%
during the same period™!.

Therefore, the development of the agricultural sector in this
region is central to combating hunger, reducing poverty, and
achieving economic growth. However, this cannot be achieved
without ensuring a substantial development of surface water and
groundwater resources. Irrigation in many SSA countries is
dependent on groundwater or run-off-river pumping systems.
Transportation of water from main sources to farmer fields is
usually done through long unlined channels, which wastes huge
amounts of water as percolation losses. Therefore, introducing a
low cost and efficient water delivery systems and irrigation
technologies that enable farmers to irrigate their small plots and
improve water use efficiency can boost crop harvests, farm
incomes and nutritional health in deepest pockets of hunger in
SSAI. The irrigation technologies such as drip and sprinkler
systems have the potential to increase the productivity of
small-scale irrigation in the SSA region. Sub Saharan Africa
(SSA) is water-abundant but uses only 2% of its total renewable
water resources due to lack of water infrastructure®. Water
resources at the regional level do not technically limit irrigation
expansion. However, it is restricted due to high investment costs
and management complexities. Food production in the region is
almost entirely rain-fed with irrigation currently playing a minor
role®.  The impact of climate change on crop yields and the social
and economic repercussions is another major concern especially in
light of the region’s high dependence on rainfed agriculture.
Except in a few countries of northern Africa, such as Tunisia and
Morocco, the potential for irrigation development has not been
effectively tapped in Africa. Though SSA has a rich and varied
water endowment, only 4% (6 million hm?) of the region’s total
cultivated area is irrigated compared to 37 % in Asia and 14% in
Latin Americal®. Thus Africa is far from achieving its irrigation
potential, which is estimated at 42.5 million hm?  According to
recent studies, the development of small-scale irrigation could
expand irrigation by some 30 million hectares in SSA (a four-fold
increase over the current area), generate annual net revenues of
US$22 billion, and improve food security and incomes for some
185 million peoplel®*.  Therefore, scaling up the use of
small-scale irrigation systems (with special emphasize on cheaper
and sustainable access to energy) should rise to the top of African
development priorities. With targeted investments and policies to
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expand small-scale irrigation, the problems of hunger, poverty and
malnutrition can be addressed. The smallholder farmers in SSA
have the potential to improve irrigation water management and
increase their agricultural productivity if they are provided with the
low cost irrigation delivery systems and water efficient irrigation
technologies!*!. This requires identification, testing and
dissemination of appropriate irrigation technologies to transition
from existing low productive and uncertain rainfed production
systems to a more reliable and productive irrigated agricultural
systems. This transition can also help in protecting rangelands
and forests from conversion to cropped agriculture!**2,

While some areas of Africa experience physical water scarcity,
economic water scarcity limits greater development of available
water resources for irrigated agriculture. The capital to develop
irrigation infrastructure and the institutions to fund ongoing
operations and maintenance do not warrant the production of
‘cheap staples’ without government support™>**. The irrigation
opportunity is for intensification and diversification of agricultural
production with two or more high-value crops per year to draw in
labor from less profitable dryland agriculture, increase employment
during the lean season and reduce poverty. Often the most
profitable irrigated crops will not be stapled foodstuffs, so
enhancing the productivity of smallholder irrigation often requires
exporting non-staples from the locality in exchange for irrigators
purchasing staple foods. Irrigation in SSA has had major
difficulties providing an adequate return on investment, due to
weak water governance institutions, weak market integration, and
significant degradation and abandonment of irrigated lands™**. In
the most recent years, however, a number of African countries have
been prioritizing efforts to tackle the dilemma and achieve food
self-sufficiency. Decision-makers will need the facts on how
much water is used in irrigation as related to the amount of food or
fiber produced. In this paper, we reveal past trends in the
irrigation industry within the SSA region highlighting on the way
forward for food self-sufficiency.

2 Food self-sufficiency

Self-sufficiency ratio (SSR) is an indicator of a country’s

ability to fulfill its food demand from its own production and is
determined by the two factors of production and consumption®),
The concept of food self-sufficiency is generally taken to signify
the level to which a country can satisfy its food needs from its own
domestic production™. In Figure 1, 100% food self-sufficiency
is represented by the diagonal line that indicates where food
production is equal to food consumption. The diagram could be
further refined by plotting individual countries within the sub
region onto it to show where they fall relative to the 100%
self-sufficiency line. Some countries would fall over the line,
indicating that they are more than self-sufficient, and some
countries would fall below it, indicating that they are in food
deficit.

Although the percentage of the world’s population living in
food self-sufficient countries has not changed a great deal on a
global scale in the 1965-2005 time period, certain regions and
countries have seen important changes over time. Luan et al.l”
analyzed the trend in the African self-sufficiency ratio from 1961 to
2007, incorporating GDP per capita over 52 countries using cereals
and starchy roots as the main parameters. They found that
Africa’s SSR has declined from 1.0 in 1961 to 0.8 in 2007. The
Northern and Southern Africa regions also showed a decrease in
SSRI. The figures shown by African countries over this period
can be seen in Figure 2.
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Figure 1 Basic representation of food self-sufficiency!”
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Figure 2 Changes in African countries’ SSR over time (Adapted from Luan et al.!®), based on FAO data)

Self-Sufficiency ratio (SSR) in Africa has been accompanied
by both a strong critique and an uncomfortable reality. African
food market growth and profitability are forecast to be concentrated

in emerging local and regional African urban markets with demand
expected to grow from $50 billion to $150 billion by the year 2030.
Larger domestic food markets are regarded as beneficial for
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widening food distribution coverage and enhancing food access
with regional institutions seen to be paramount in facilitating
channels to promote intra-regional trade. Other countries also
experienced declines in their self-sufficiency. Japan, for example,
saw its SSR fall from approximately 80% in caloric terms in 1960
to around 40%[1®!. Other countries have seen increases in their
levels of food self-sufficiency over time. For example, Brazil,
China and the Russian Federation and have seen an increase in
their SSR since the 1980s/*%!. A number of countries are unable
to increase their level of food self-sufficiency due to their natural
resource  endowments. Fader et al.® concluded that
approximately 66 countries are not able to be food self-sufficient
due to natural resource constraints, including limited amounts of
available cropland, water, and fertile soil. Imports have been
important for these countries to meet their food needs. Indeed,
international food trade has increased dramatically in recent
decades. Many developing countries, particularly those in SSA,
have increasingly had to rely on imports for their food consumption
needs as shown by rising levels of food import dependence since
the 1960s. This increase reflects declining levels of domestic
food production as well as dietary shifts, demographic trends, and a
changing ability to purchase food on global markets with export
earningsi¥?. At the same time that food trade has increased,
there has been a growing reliance on certain exporting countries as
sources of staple food imports. There are relatively few exporters
of rice and wheat, for example, on world markets, with just a
handful of key exporting countries for each crop. A number of
SSA countries, for instance, rely on Thailand for nearly all of their
rice imports, while other developing countries rely on France for
nearly all of their wheat imports®®?®,  Some studies show that
this concentration of sources of food imports can contribute to
heightened fragility in the global food system, which may make it
more vulnerable to instability due to both natural and economic
disturbances!?®l.

3 Water harvesting for irrigation

Many authors have defined water harvesting and rainwater
harvesting interchangeably, as the collection and storage of any
form of water either from runoff or creek flow for irrigation
usel®21 Although the ancient practices were primarily designed
to meet domestic water needs, gradually the technologies also came
to be used for agricultural purposes. In recent decades, scientists
in SSA, the Middle East and Southeast Asia have made efforts to
develop and test a wide variety of techniques for collecting, storing,
and using natural precipitation for agricultural purposes?”.
Agricultural uses include the supplemental irrigation of crops, the
provision of water for livestock, fodder and tree production, and
less frequently, water supply for fish and duck ponds. Recently,
the concept has been extended to encompass in situ techniques and
appropriate land management practices which enhance infiltration
and reduce surface runoff and soil evaporation/?¢2°,

In sub-Saharan Africa, almost 500 million people live in dry
zones — deserts, grasslands and bush savannahs — in countries
such as Mali, Niger and Zimbabwe. Another 245 million live in
slightly wetter zones with forest savannahs, for example in large
parts of Tanzania and Zambia, where run-off is still too low to
irrigate fields. In any case, river water is needed mainly for urban,
industrial and energy needs. Green water can be retained in three
ways: collecting run-off; improving the infiltration of rain in soils;
and managing land, water and crops across watersheds to increase
water storage in soils, wetlands and the water tablet,

Small-scale water harvesting methods include terracing to
conserve soil moisture, as in the famous Fanya-juu terraces of
Machakos, Kenya; or using dams and ditches to channel run-off
into fields, as widely used in Eritrea and Israel. Storage systems
such as ponds, tanks and sub-surface storage in sand and soil, used
in places such as northern Mexico, Ethiopia, Sudan and India, offer
another approach. Together these systems can hold the equivalent
of a few rainy-season deluges, enough to bridge month-long dry
spells. Water harvesting has been introduced to several parts of
Africa, including Kenya and Tanzania since the 1980s by
non-governmental and development organizations including the
United Nations. It has improved the stability of crop yields and
can raise productivity from 1 tthm? to 3-4 t/hm? B3,

Green-water-management strategies need to span scales —
from fields to watersheds and river basins. Diverse sets of
ecosystems should be protected to dampen the effects of flash
floods and encourage underground flows to avoid erosion from
run-off. ~ Wetlands, meandering rivers, forests and patchy
landscapes are natural capital assets that build resilience.

Watershed and river-basin management also protect local
rainfall.  Much tropical rain is convective - clouds produced from
rising vapor over forests generate rain downwind. For instance,
moisture from the West African rainforests in the south causes rain
to fall on the semi-arid savannah in the north. Figure 3 shows the
sub-Saharan water balance.

SUB-SAHARAN WATER BALANCE

e-third of rainf.
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dams across gullies,
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Crops co

Transpiration 15%-30%

Rain 100% . l/
i f’\ 2
d |
Vs 1 /‘ s Runoff 10%-25%

Blue Green
water water

Evaporation 30%-50%

¥ Groundwater 10%-30%
Figure 3 Sub-Saharan water balancel®!

Runoff may be harvested from roofs and ground surfaces as
well as from intermittent or ephemeral watercourses. Rain water
harvesting technology is used in SSA for collecting and storing
rainwater from rooftops and the land surface or rock catchments.
There are instances where the flood water has been harvested from
all systems which collect discharges from watercourses.
Rainwater is collected in simple vessels at the edge of the roof
(Figure 4). Variations on this basic approach include the
collection of rainwater in gutters, the amount and quality of
rainwater collected depends on the area and type of roofing
material. Reasonably pure rainwater can be collected from roofs
constructed with galvanized corrugated iron, aluminium or asbestos
cement sheets, tiles and slates. Thatched roofs tied with bamboo
gutters, bamboo roofs are least suitable because of possible health
hazards. Roofs with metallic paint or other coatings are not
recommended as they may impart tastes or colors to the collected
water.  The groundwater available in urban localities and
Metropolis may not cope up with the ever increasing demand and
results in the over-exploitation of groundwater with inadequate
replenishment due to urbanization. The rainwater runs off into the
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sea as the ground area available for percolation for recharging is
meager/insignificant. Hence the rooftop rainwater harvesting
method is best suitable for the conservation of rainwater and
recharging the groundwater aquifer. Roof catchments should also
be cleaned regularly to remove dust, leaves and bird droppings so
as to maintain the quality of the water.

Covered storage
reservoir

IR
s *

137 ._ [

o % Outlet tap

Figure 4 Rooftop catchment system

Land surface/ground catchments technique is a less complex
way of collecting rainwater. It involves improving the runoff
capacity of the land surface through various techniques, collection
of runoff with drainpipes, etc. and storage of collected water
(Figure 5).

Cemented or §
treated earth
catchment

Stone and
sand filter

Cementiron cover o \
. Ferrocement p
] tank |

i

Figure 5 Ground catchment system

Storage reservoirs on the surface or underground may include
earthen dams. This technique is ideally suited for areas where
permeable sandy horizons within 3-5 m below ground level and
continuous up to the water level under unconfined conditions, by
which copious water available can be easily recharged. In this
technique, 1-2 m wide and 2-3 m deep trench is excavated, the
length of which depends on the site availability and volume of
water to be handled. An injection well of 100-150 mm in
diameter is constructed, piercing through the layers of impermeable
horizons to the potential aquifer reaching about 3-5 m below water
levels (1-10 m) from the bottom of the trenches. Depending upon
the volume of water to be injected, the number of injection wells
can be increased to enhance the recharging rate. This technique
provides more opportunities for collecting water from a larger
surface area. There is a possibility of high rates of water loss due
to infiltration into the ground, is mainly suitable for storing water
for agricultural purposes (marginal quality). Techniques for
increasing runoff within ground catchment areas include:

1) Clearing/altering vegetation: This can induce more soil
erosion. Use dense vegetation cover such as grass to maintain a
high rate of runoff and minimize soil erosion.

2) Increasing slope: Use of plastic sheets, asphalt or tiles along
with slope can further increase efficiency by reducing both
infiltration losses and soil erosion. The rate of runoff has to be
controlled to minimize soil erosion from the catchment field.

3) Soil compaction by physical means: It involves smoothing
and compacting of soil surface using equipment such as graders
and rollers. It helps to minimize soil erosion rates, conservation
bench terraces are constructed along a slope perpendicular to runoff
flow.

4) Soil compaction by chemical treatments: Soil treatments
as sodium can significantly reduce the soil permeability. The use
of aqueous solutions of a silicone-water repellent is another
technique for enhancing soil compaction. Soil compaction can
induce greater rates of soil erosion and may be expensive. The
use of sodium-based chemicals may increase the salt content in the
collected water, which may not be suitable both for drinking and
irrigation purposes.

Conveyance systems are required to transfer the rainwater
collected to the storage tanks. This is usually accomplished by
making connections to one or more down-pipes connected to the
rooftop gutters. When selecting a conveyance system
consideration should be given to the fact that, when it first starts to
rain, dirt and debris from the rooftop and gutters will be washed
into the down-pipe. Thus, the relatively clean water will only be
available sometime later in the storm. In order to safely fill a
rainwater storage tank, it is necessary to make sure that excess
water can overflow, and that blockages in the pipes or dirt in the
water do not cause damage or contamination of the water supply.
The design of the funnel system, with the drain-pipe being larger
than the rainwater tank feed-pipe, helps to ensure that the water
supply is protected by allowing excess water to bypass the storage
tank.

Collection device/Storage tanks for collecting rainwater may
be either above or below the ground. Precautions required in the
use of storage tanks include the provision of an adequate enclosure
to minimize contamination, and a tight cover to prevent algal
growth and the breeding of mosquitoes. Open containers are not
recommended for collecting water for drinking purposes. Rooftop
rain water collected may be recharged to groundwater reservoir
through:

1) Abandoned dug well

2) Abandoned/ running hand pump

3) Recharge shaft

4) Defunct bore well

5) Trench/ pit with injection well

A simple rooftop rainwater harvesting as practiced in some
villages using split pipe or Bamboo directing the flow from rooftop
to a small drum or plastic tank. If there is a group of houses, the
owners can collectively lead the rainwater into a subsurface tank
situated in a commonplace. Another simple method of storage is
letting the rain water into the exiting well through a filter media
consisting of the following.

Layer 1: Layer of sand — fine to medium (150-300 mm)

Layer 2: Layer of gravel (200 mm)

Layer 3: Layer of medium pebbles bed (500 mm)

There are certain limitations in adopting storage methods, in
places where the monsoon period is only 3-4 months as we require
a large number of storage tanks of bigger dimensions, and
preservation of water in the tanks for a longer period is also
hazardous. Hence, we have to go in for the recharging method.

4  Typology of irrigation in SSA

Initially, irrigation in Africa was associated with irrigation
plains of large perennial rivers, such as the Niger, Senegal, Nile,
Volta, Zambezi, etc. where governments developed the first large
irrigation schemes. Since the end of the 1980s, the irrigation
sector has undergone important changes, such as the liberalization
of the production chain, the transfer of scheme management to
users, and the emergence of environmental concerns.
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Furthermore, donor interest in this sector has waned for a number
of reasons, such as the decline in world food prices, the high
per-hectare development cost (which moreover increases because
the easiest areas to develop for irrigation have already been
developed), investments necessary for rehabilitation, and
environmental standards (which discourage the construction of
dams). There is a tendency to promote small irrigation projects
(sometimes with private-sector investment) and user participation
on the basis of the better results obtained. At the same time, the
use of pumps (powered by animals, humans or motors) has enabled
groundwater use to become more widespread. This has given rise
to a new environmental problem: the overexploitation of aquifers
and its numerous consequences (seawater intrusion, sustainability,
etc.). Other major environmental problems related to irrigation in
SSA are (a) erosion and its consequences and silting up or
sedimentation of water bodies, dams and canals; (b) proliferation of
aquatic vegetation; and (c) the drying up or the risk of drying up of
wetlands. Depending on the regions, irrigation is seen as a
necessary technique without which agricultural production would
be practically impossible, or as a means to increase productivity
and cropping intensity, and to favor crop diversity; hence, the large
variety of techniques developed for water management. Growing
sub-Sahara African populations and economies will increase
demand and competition for water. Allocating water to irrigation
may have significant opportunity costs in the coming decades,
especially in drylands where water is already scarce. For example
in the Souss Massa basin, in Morocco, many farmers rely on
water-intensive crops in a context of increasing demand from other
water-using sectors and recurrent droughts.  Perennial crops, such
as citrus, are commercially valuable but they are also ‘lock-in’
demand for water as they take several years to mature. In SSA,
agricultural production has increased slowly, and for a number of
reasons the irrigation sector has not yet played a major role to cover
the imbalance between food demand and supply to benefit farmers
and generate jobs for the youth in particular. In general, donors
and decision-makers are aware that SSA has significant land and
water potential.  Therefore, it is important to examine why
investments in irrigation have been low in the last decades and
understand where irrigation has performed well and why others
continue to fail. This should enable policy makers to avoid
mistakes involving investments in irrigation and to ensure that the
benefits of irrigation are equitable and sustainable. Sub-Saharan
Africa could irrigate 42.5 million hm? based on available land and
water resources. The greatest potential is in Mozambique,
followed by Ethiopia, Nigeria, and Ghana. Countries such as
Cameroon, Chad, Ethiopia, Mali, Niger, South Africa, Sudan,
Tanzania, Togo, and Uganda each have at least 100 000 hm? of
land that could be irrigated™. It also has an average of 0.27 hm?
of cultivated area per inhabitant in Africa (0.24 ha for average in
the world) and 1.02 ha per economic active person engaged in
agriculture (1.16 ha for the average in the world). These numbers
should be compared and analyzed by taking into account the
population growth and the economically active population engaged
in agriculture. Population growth in Africa is relatively high
(2.2% per year) when the average in the world is only 1.2% per
year. It means that the pressure on agriculture and irrigation
sector is higher in Africa today and in the future, to ensure food
security and nutrition to more people. The same remark is valid if
we consider that 56% of the economically active population is
engaged in agriculture against 21% as an average in the world. It

is also an opportunity for agricultural transformation if decisions on
investments in irrigation are made wisely to optimize production
and generate employment for the active agricultural population.
In the early 1960s, there was 7.4 million ha of the irrigated area
under cultivation in Africa®l.  Although this area has nearly
doubled to 13.6 million hm? after almost 50 years, in 2006 African
countries irrigated just 5.4% of their cultivated land, compared with
a global average of around 20% and almost 40% in Asia®l.
Hence the irrigation sector’s contribution to agricultural output is
relatively small. Geographical coverage is also skewed since a
large proportion of irrigated land is concentrated in five countries,
namely South Africa, Egypt, Madagascar, Morocco and Sudant®!.

The major livelihood zones in SSA related to production and
water as a limiting and potential factor for irrigation development
are mainly: agro-pastoral zones, cereals in all SSA zones (wheat,
barley, maize, millet, rice and sorghum), root crops, tree crops and
commercial crops (e.g. cotton in Egypt, Sudan and Senegal and
sugar cane in Senegal, Egypt and South Africa). Currently,
production of the above crops is mainly rainfed and although
production on irrigated land is expanding, it still insufficient to
eradicate hunger, to secure food and improve nutrition. Indeed,
SSA is making progress but still experiencing the worst nutrition
situation®®,  This situation of vulnerability has continued despite
the declined prevalence of undernourishment in sub-Saharan Africa
in terms of percentage (from 33% to 23% between 1990-1992 and
2014-20155% but increased undernourishment in terms of people
(229 million in 2014 compared to 175.7 million in 1990).
Demand for food is increasing in volume due mainly to population
growth. Figure 6 shows the positive trend on increased food and
feed consumption per capita in SSA and an increase in the volume
of demand for food resulting from high population growth
(Africa’s population is expected to more than double, rising from
1.1 billion today to at least 2.4 billion by 2050. Nearly all of that
growth will be in the 51 countries of sub-Saharan Africa®”. It
calls for more agricultural production per capita per year by 2025
to mitigate the imbalance between agricultural production and
demand, and expansion of the agricultural land under irrigation will
be an important way to meet this challenge.
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Considering its arable land and water resources, Africa has a
lot of potentials to transform its agriculture and raising productivity
is a major factor to achieve this objective.  Physically,
improvement of productivity in rainfed and irrigated areas require
the availability of a technological package at farm level (e.g.
fertilizers, water on time according to climate conditions and crop
growth stages, made possible by irrigation). The fact is that
average cereals yield is almost five times higher in South Asia than
sub-Saharan Africa (Figure 7) and the yield growth in Africa for
the last fifty years is really slow if not stagnant. The productivity
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of most crops is low in Africa, which is an issue today but an
opportunity for a large improvement for the future.
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Figure 7 Cereal yields (kg/hm?) by region, 1961-2011

5 Emerging irrigation technologies in SSA

Since the 1950s, the total irrigated area in the world expanded
rapidly. Between 1961 and 1990, the area under irrigation
increased by almost 100 million hm?  The annual growth rate of
irrigated areas exceeded 2% during the 1960s and 1970s.
Currently, the growth rate worldwide has slowed down to a
moderate 0.8%. Between 1961 and 1990, the irrigated area in
Asia expanded by 70 million hm? (FAO, 1992). Within the
context of national agricultural and water policies, that reflect a
wide range of economic, political and environmental considerations
and stakeholder interests, many irrigation schemes worldwide
suffer from poor management, both in its technical and social
dimensions.  This often leads to unsustainable practices with
decaying infrastructure and a reluctance of users to contribute to
their maintenance.  Many irrigation schemes are caught in
downward cycles of poor maintenance, poor water delivery
performance and dwindling agricultural productivity and profits.
The traditional agricultural systems based on the cultivation of
crops, mainly for home consumption, have to be transformed into a
more diversified system with higher agricultural inputs and to be
market oriented.

The irrigation system typologies observed in sub-Saharan
Africa, especially Ghana and Liberia may be broadly classified into
two groups based on their current level of formalization. These
are (1) the conventional systems, which are mainly initiated and
developed by the Government or various non-governmental
organizations (NGOs); and (2) the emerging systems. Ghana’s
irrigation systems may be classified into four major typologies
based on such criteria as ownership/management, source of water,
type of infrastructure or technology involved, and source of power
for abstracting, conveying, and distributing water®“®.  These
include public systems; small reservoirs and dugouts; river/lake lift
private systems; and groundwater systems. These four typologies
can be subdivided: public-owned surface irrigation systems;
public-private partnership commercial systems; small reservoir-
and dugout-based systems; private- or group-based river-lift
systems; groundwater-based irrigation systems; and lowland/inland
valley rice water capture systems.

Pressurized water application methods (micro and sprinkler
irrigation) are considered as the leading water-saving technologies
in irrigated agriculture. At present, of the total world irrigated
area, about 15% (444 million hm?) is equipped with pressurized
methods, comprising micro-irrigation (9 million hm?) and sprinkler

irrigation (35 million ha), most of which are located in America
and Europe. A vast range of micro and sprinkler irrigation
systems could be designed to suit to small and large farm sizes, soil
and crop types. Improved surface irrigation methods like level
furrows, dead level basins also provide high application efficiency.
However, there are three principal categories of irrigation that are
recognized in sub-Saharan Africa:

5.1 Informal/smallholder Irrigation

Informal/smallholder irrigation (Figure 8) is practiced by
individuals who cultivate an area of up to about 0.5 hm? or more by
using simple infrastructure for water storage, conveyance and
distribution.  This form of irrigation is characterized by the
relatively small investment by farmers, dominated by manual
fetching of water with buckets or watering cans with few lifting
water by pumping.

Traditional and community initiated schemes fall under this
category which comprises irrigators in the south-eastern coastline,
groundwater irrigation, irrigators in inland valley and along with
dams and dugouts as well as irrigated urban and peri-urban
agriculture. Presently, it is estimated that informal smallholder

irrigation covers an area of 189 000 hm? in Ghana.
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5.2 Formal Irrigation

Formal irrigation (Figure 9) is the type that depends on some
form of permanent irrigation infrastructure funded by the state
alone or together with development partners and civil society
organizations. The development of formal irrigation schemes in
Ghana dates back to the 1960s. Ghana Irrigation Development
Authority (GIDA) presently has 57 formal irrigation schemes
covering about 12 000 hm2% On many schemes, the rates of
utilization are low due to poor operation and maintenance of the
facilities and high energy tariffs.  Specifically, the rate of

utilization of pump schemes is 46% while that of gravity schemes
is 134% both of which fall below 200% mark for irrigation
schemes.

Figure 9 Formal irrigation
5.3 Large Scale Commercial Irrigation

Large scale commercial irrigation (Figure 10) which falls
under either formal or informal irrigation, is usually export-driven
and involves the cultivation of high value fruits and vegetables.
Large scale commercial irrigation is formal when the government
provides infrastructure such as headworks, conveyance and primary
water distribution facilities while the private investor provides
secondary water distribution and application machinery and
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equipment. There are an estimated 21 000 hm? of large scale
commercial irrigation in Ghana currently.

Figure 10 Large Scale commercial Irrigation practiced in some
regions

Irrigation offers benefits including yield security during dry
seasons and times of drought, economic opportunity by increasing
yields, choice of high value market driven crops, multiple cropping
seasons annually, out of season production, and protected
agriculture.  Irrigation is additionally beneficial to nutrient
management and can promote food/nutrition security and crop
quality. That said, irrigation is not without its disadvantages.
Irrigation can confound water scarcity (depletion of water supplies),
compete with other water consuming sectors, and raise
environmental concerns including pollution, soil salinity and water

logging.  Irrigation comes only with an economic cost, as
equipment, labor, maintenance, water, energy all require
investment. Irrigation technologies and operation can be

separated into gravity fed — surface (flood and furrow) and
pressurized (sprinkler and drip) systems. Components of gravity
fed systems are water source and storage, pump (if necessary), and
channels or pipes to distribute water to the field. Challenges in
surface irrigation include minimizing losses throughout the system
and insuring delivery is as uniform as possible. Scheduling of
surface irrigation is, at worst, whenever there is water, however
much there is, and, at best, based on combined data regarding the
soil, crop, and weather.  Scheduling for surface irrigation attempts
to apply the maximum water per irrigation event and a minimum
number of events. Sprinkler irrigation requires water under
pressure and delivery to the field via pipes and emitters and can be
either stationary or moving. The design of a sprinkler system
relies on knowledge regarding pressure-flow relationships in
laterals between sprinklers and in the emitters themselves. The
basic concept and challenge in sprinkling are to uniformly apply
water to a field. Scheduling of sprinkler irrigation is similar to
that of flood; return of plant available water in the soil each event.
Drip irrigation presents a paradigm shift in how we provide water
to crops, most importantly due to partial wetting of the soil,
providing just plant water needs, enabling very high irrigation
frequency and maintenance of relatively high water content in the
root zone, and allowing precise nutrient (fertilizer) management
together with water management. Drip irrigation systems include
water under pressure, an “irrigation head” with filtration,
automation, and fertigation, mains and laterals to deliver to the
field and emitters to release water at desired and constant flow rates.
Drip systems must be maintained, mostly to prevent clogging.
Technology for smallholder drip irrigation will necessarily be
site-system-situation  specific and will involve appropriate
technology and maintenance. Some 65% of water used for
agriculture is estimated to not be utilized by plants. Water use
efficiency and water saving considerations in irrigated agriculture

require proper design and management of water storage and
distribution systems to avoid losses and in smart irrigation
scheduling.  Irrigation technology can be beneficial only in
context with the network of institutions, policies and practices that
enact it. Technology can, and already does, aid agriculture in
innumerable ways. One prominent part of agriculture that can use
technological innovation to increase efficiency and effectiveness is
irrigation.  The adoption of modern farming techniques in
traditional agriculture could be an alternative solution to deal with
the increasing food security in SSA. The modern techniques
involve much higher use of advanced technology and automation
for land-use optimization. An aeroponic system is one of the
revolutionary and more sustainable methods of a soilless system as
it lowers the requirement of water and saves considerable space and
soiltY,

With the acceleration of land circulation in SSA and the strong
demand for large-scale planting, combined with the current
shortage of rural labor, water scarcity and soil ecological
deterioration, traditional agricultural production methods need to be
changed. Modern agricultural science and technology should be
used to promote agriculture in an industrialized way. Water and
fertilizer integrated irrigation equipment based on sprinkler
irrigation and drip irrigation technology are becoming very
common in several parts of the world especially in China.
According to soil moisture, crop fertilizer requirements and
characteristics, the appropriate proportion of fertilizer and irrigation
water will be exchanged. Together, the fertilizer is sprayed
evenly, regularly, and quantitatively in the crop growing area. In
the process of water and fertilizer supply, the most effective way of
supply is how to realize the simultaneous supply of water and
fertilizer, give full play to the interaction between the two, and
provide the water to the crops while exerting the role of fertilizers
to achieve the simultaneous supply of water and fertilizer.

Modern technologies undoubtedly have the potential to raise
the productivity of water and labor. Technically, they are best
suited to conditions where water is scarce and the opportunity costs
of labor are high. Modern technologies have yet to be seriously
tested and evaluated in the region. There is also a concern for
their introduction into developing countries to be driven more by
commercial interests rather than need. This can lead to
inappropriate use. Precision agriculture, satellite farming or site
specific crop management is a farming management concept based
on observing, measuring and responding to inter and intra-field
variability in crops. The goal of precision agriculture research is
to define a decision support system for whole farm management
with the goal of optimizing returns on inputs while preserving
resourcest 44,

Smart irrigation control systems (Figure 11) typically include
either a stand-alone controller or an add-on device that interfaces
with a conventional clock-type controller.  The weather-soil
moisture-based technologies incorporated into these devices allow
them to function similar to a thermostat.  Like a thermostat, the
devices permit irrigation to occur when needed rather than on a
preset schedule. Regardless of the specific method or technology,
the concept is for the appropriate irrigation quantity to be applied at
the appropriate time.  With the rising demands on water resources,
the use of reclaimed water for irrigation has gained considerable
interest in many parts of the region. Irrigation controllers that
incorporate soil moisture sensors for feedback control can have
improved performance, but there has been concern about using
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these moisture sensors with reclaimed water, which can affect the
soil dielectric permittivity and thus affect the soil moisture sensor
values.
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Figure 11 Smartphone-integrated precision agriculture system

6 Forward way in dealing with the irrigation
challenge in SSA to meet food self-sufficiency

One of the key factors contributing to agricultural productivity
growth in the green revolution in India was public investment in
irrigation™.  Irrigation has spatial and temporal productivity
benefits. It allows agricultural production on drylands, which
cover three-quarters of the agricultural land area in sub-Saharan
Africal®®. Rainfed agriculture in drylands is either unfeasible or
extremely risky, and irrigation makes it possible to produce crops
and reduce production risks!*”.  Additionally, irrigation allows dry
season production, expanding the period of availability of
vegetables and other crops. Irrigated crops are healthier and of
better quality, especially in drylands. Returns to irrigation are
high. Irrigation in drylands increases yields by an estimated 91%
and total factor productivity by about 3%,  Figure 12 represents
the share of cultivated area in SSA that is equipped for irrigation
against other areas within the African community.
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In the face of adverse impacts of climate change on
agricultural systems, including increased incidence of pests and
diseases, Africa’s food security situation will be under threat. Its
agriculture needs to adapt rapidly by building capacity for
observations at regional, national and local levels to better
understand factors informing shifts in pest and disease regimes.
Options to overcoming productivity-related challenges can
continue to be learned from the experiences of countries with
successful irrigation systems. Governments are in charge of
heavy collective water infrastructures (water storage, hydraulic
networks, and pumping stations) and heavy maintenance to
facilitate access to water. At small scale levels for example in
Morocco, a special agency is created for advisory and extension in
agriculture and in particular in irrigation, focusing on productivity.
The private sector is involved and private technical advisors are

trained and subsidized for providing advisory and extension
services across irrigated areas in the country. In North Africa, in
addition to the commitment of the Governments to heavy
investments, modern irrigation equipment (drip and sprinkler) are
subsidized at the farm level and for the first installation, between
60% and 100% of their cost, in particular for smallholders.
Financial and technical empowerment of farmers is a challenge and
condition to improve productivity at the farm and consequently at
the national level, achieving agricultural transformation objective
from bottom to top (i.e. for large and small farmers), through
improving productivity, ownership of operation and maintenance
and cost recovery of irrigation investments and services.
Investing in full irrigation or water harvesting, upgrading rain-fed
areas and managing supplementary or deficit irrigation can
multiply productivity in drought-prone regions. Deficit irrigation
could necessarily be an appropriate yield optimization and water
saving technique for crops such as cotton in desert environment®®®,
The most advantage can be gained by incorporating rain-fed areas
in a program of productivity improvement through supplementary
irrigation, which is a lower cost than fully irrigated areas and also
improves equity.  Indeed, investment in agricultural water
management in rainfed areas may focus on a large number of
farmers, a bigger cumulative surface and can achieve big
production increase in terms of volume with acceptable
productivity.

Small irrigation systems promise both social and economic
benefits because of the prevalence of small farms. Smaller scale
irrigation projects are more viable options for increasing
agricultural  productivity among smallholder farmers, but
management challenges need to be overcome. Ethiopia has
established a program for small-scale irrigation under the Agency
for Agricultural Transformation with the objective of promoting the
efficient use of improved irrigation. Publicly managed rural
infrastructure faces many challenges that help to account for the
slow development of irrigation potential. Local water user
associations suffer from low capacity to manage small-scale
irrigation systems. Most irrigation infrastructure is large scale and
dam-based or small scale and based on groundwater, small
reservoirs, river diversion, or water harvesting. Because big dams
are expensive to build and maintain, and complex to operate and
manage, they are no longer being built for a single purpose;
irrigation is just one objective among others. One approach to
reducing fixed costs and enhancing the quality and responsiveness
of irrigation operations and maintenance has been to transfer public
sector responsibility for operating and managing irrigation works to
water user associations, which act as intermediaries between
farmers and the state owners of irrigation infrastructure. An
example is the Nakhlet Small-Scale Irrigation Scheme on the
northern bank of the Senegal River in Mauritania, which irrigates
27.5 hm? of land. Nearly 30 farmers cultivate 119 fields and
realize an average rice yield of 5.5 t/hm? compared with an average
of 5 tons per hectare countrywide®Y. To work, such schemes
require land tenure reform (to incentivize long-term investments
and enable the land to be used for collateral), efficient and
responsive management of infrastructure by trained water user
associations, adequate inputs and markets, and access to affordable
credit. The type of irrigation system that is most suitable depends
on the area’s agro-ecological conditions and government budget
constraints. Large-scale irrigation systems serve multiple
purposes beyond the agricultural sector, whereas small-scale
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irrigation schemes are less expensive to build and can yield results
more quickly. An important consideration is the internal rate of
return, which is high for irrigation projects in sub-Saharan Africa.
Other considerations in deciding between large-scale and
small-scale irrigation systems include potential productivity gains,
economic costs and benefits, and poverty reduction and equity
impacts and environmental impacts

Table 1 Investment cost and average economic internal rate
of return for large-scale and small-scale irrigation investment
in sub-Saharan Africa’

Large-scale irrigation Small-scale irrigation

Investment Average Investment Average
Sub-region cost internal rate cost internal rate
JUSD hm2  of return/%  /USD hm?  of return%
Sudano-Sahelian 508 14 4391 33
Eastern 482 18 3873 28
Gulf of Guinea 1188 18 8233 22
Central 4 12 881 29
Southern 458 16 413 13
Total 2640 17 17790 26

Financial analyses show that the rates of return for farmers to
invest in some soil-conserving technologies, in marginal dry areas,
are often not high enough to trigger technology adoption.
Development investments are necessary to provide farmers with
incentives to stimulate adoption.  Such incentives can be justified
because the economic rate of return to investment is satisfactory if
these costs are accounted for. In addition, there are important
environmental benefits- in the form of reducing soil erosion,
maintaining soil fertility, and conserving soil moisture - that can be
generated from public investments in dry areas. Successful,
sustainable natural resources management requires approaches that
go beyond the conventional and biophysical aspects and that
capture the holistic nature of the problem by integrating economic,
environmental and social aspects[SZ]. Land tenure, for example, is
an important factor affecting the adoption of soil-conserving
technologies. The long-term environmental benefits of
conservation cropping may be irrelevant to farmers whose planning
horizon is limited by insecure land tenure. Regardless of the high
rates of return to investments in agricultural research and
development, growth in public spending for food and agriculture
has slowed down substantially. In developing countries, irrigation
infrastructure investment is mostly funded by the public sector.
Increasing investment and involvement of the private sector is
crucial for the up-scaling of irrigation technologies. Irrigation
investment strategies should include measures for the adoption of
water saving irrigation technologies.

Risk is a critical factor influencing adoption and thus it needs
explicit attention in the diagnosis and intervention measures®!.
New technologies may improve yield and product quality, but may
not necessarily improve input use efficiency. For example, the
introduction of supplemental irrigation into traditionally rainfed
agriculture has increased yields and reduced yield variability.
However, the benefits will be fully realized only when farmers
have adequate technical know-how about the technology.
Without this, water savings may be far less than what can be
achieved.

The irrigation method is the most important variable in
explaining the variation in efficiency in both technical and
irrigation water efficiencies. A shift from traditional surface

irrigation to modern irrigation methods, particularly sprinklers,
leads to higher output oriented technical efficiency and irrigation
water technical efficiency. However, even among farmers who
use modern irrigation methods, there is still about 25% of water use
inefficiency that can be eliminated by building farmer knowledge.
Hence the need for extension interventions — with strong policy
supports — to enable farmers to make the best use of new
technologies. Participatory, community-led approaches are
critical, particularly for land and water management
technologies®™.

Research findings are available on many of the key issues,
although important knowledge gaps still exist. Examples include
farm size, water allocation and costs, cropping patterns, inputs, and
crop pricing. Water allocation among crops, techniques and
growing seasons should consider the level of efficiency which may
be attained under each option. Well designed, implemented
policies are the key to the efficient use of scarce resources, growth
in farm income and protection of the environment. Zhu et al.*
conducted a research that provided a holistic solution for
constructing modern agriculture. The research content covered
seven agricultural engineering fields, including farmland,
mechanization, protected-area, processing and storage of products,
logistics, environmental protection and agricultural information,
which comprise the key technologies in the entire industrial chain
of production before, during and after. Results from their study
provided a roadmap of technical standards and construction
programs for agricultural engineering in various typical regions,
industries and operators’ subjects, which constitutes a
comprehensive and systematic solution for agricultural engineering
technology in the blending of agricultural machinery and agronomy,
the promotion of good farmlands, good seeds and manners, as well
as the coordination of production, living and ecology during an
adjustment in agricultural production.

Weak knowledge of groundwater resources potential, its use
and the way to develop them pose challenges. Countries within
the sub region therefore need to develop deep studies on the
location and the potential of groundwater resources and in order to
sustain the use of these resources, policy and legal rules have to be
developed at the national level and for each aquifer. Yang et al.*®
outlined three suggestions for managing water resources in the
Manas River Basin. They emphasized practices that can increase
the supply of surface water and reduce demand on groundwater
which will eventually reduce groundwater depletion and increase
sustainability. They also mentioned that there is a limit to the
efficiency of irrigation systems due to the potential for soil
salinization; thus, where possible, irrigated crops should be
converted to rainfed crops to reduce groundwater depletion.
Appropriate national guidelines and regulations for treatment and
reuse of wastewater for irrigation need to be developed and
implemented. Furthermore, temporal disconnects between water
supply and demand should be managed through conjunctive use of
surface water and groundwater and the provision of increased water
storage. National and Sub-regional Capacity building programs
should be organized focusing on irrigation institutions (public and
non-public) to enable policy implementation to create or reorient at
a sub-regional level a center of irrigation experiments and
equipment certification, linked to research and experimentation
institutions.  Irrigating Africa is a core policy objective of a great
many multilateral organizations, donors and national governments,
in the expectation that this will reduce poverty, increase food
security and promote economic growth and development.
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Community and institutional organization and support are
necessary for its success. Community management includes both
aspects of equity and sustainability and is challenged to support the
development of simple, accessible, affordable but scientific and
data-knowledge based methods and systems for irrigation delivery
and  scheduling. Community/societal ~ contributions and
responsibility are important in both the micro and macro scales.
At the micro-scale, this can mean responsibility for water storage
and allocation, energy supply, availability of appropriate (location,
system, time, crop) technologies, investment, equipment purchase,
maintenance, fertilizer purchase, extension — knowledge transfer,
and accessibility to markets and marketing. On the macro scale,
the community/society must enable investment, maintenance,
market driven decision-making and management, and other support
including access to knowledge and data. While irrigation and
irrigation technologies appear to present opportunities for
smallholder agricultural development, economic advancement and
poverty alleviation, technology should not and cannot be separated
from systems and policies. Appropriate technology for irrigation
will always be site and system (crop, economic, social, and
institutional) specific.  Sustainable development of agriculture
will be a result of system changes and adjustments.

7 Conclusions

Most sub-Saharan African countries have been unable to
embrace food self-sufficiency although agricultural revolution is
within reach. Provided the region can focus on supporting
small-scale farmers to help meet national and regional demand for
food, then the future looks very bright. Activities involved in
irrigated agriculture should fit well in farming systems and be
attractive and easily managed by farmers themselves. Our study
concludes that many irrigation projects miss basic, yet vital,
ingredients for success. These include enough finance for routine
maintenance and reliable water supplies, among other factors. On
the other hand, technically and financially successful commercial
projects can be captured by elite interests and may deprive local
communities and pastoralists of traditional land and water
resources, undermining their livelihoods. If irrigation is to boost
food production and reduce poverty in sub-Sahara Africa,
lesson-learning is needed. There must be more efficient water use
by developing local capacity and access to appropriate tools to
understand the value of accurate soil moisture monitoring and
measurement to reduce leaching of nutrients and salinization and
increase the overall water-use efficiency of production systems and
developing the skills of agricultural extension officers to backstop
the learning process of farmers. Technologies alone will not
achieve water savings unless supported through innovative
management, policy and institutional reforms. Modernization of
irrigation systems should not only be restricted to upgrading of
physical infrastructure but also integrate improved irrigation
services. Water saving measures need to be based on a thorough
understanding of water balance and linkages between surface and
groundwater and beneficial and non-beneficial uses of water.
Irrigation investment strategies should include measures for the
adoption of water saving irrigation technologies. Appropriate
national guidelines and regulations for treatment and reuse of
wastewater for irrigation need to be developed and implemented.
There should be a road map for water supply strategy as a part of
national development plans, including in particular multi-purposes
big water infrastructures for inter-annual management; at inland

and trans-boundary levels as well as the creation, rehabilitation and
modernization of irrigation systems for both large scale and small
scale. Sustainability should be the main orientation.
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