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ABSTRACT

Cape Verde, off the coast of Senegal in western Africa, is a volcanic archipelago
where soil and water conservation techniques play an important role in the overall
subsistence of half a million inhabitants. The steep slopes in the more agricultural islands
are a result of their volcanic origin. The country is located in the Sahel, and is
characterized by a very irregular wet season, with high intensity rainfall events. The hard
conditions led during the first half of the twentieth century to frequent cycles of drought
with severe implications for the local populations. Large numbers of deaths occurred due
to famine, and there was a decrease in the number of inhabitants by more than halve on
some islands.

To retain the soil and soil moisture was therefore a matter of survival, and the Cape
Verdeans implemented over the last half century a number of soil and water conservation
techniques that affect the whole landscape. In this chapter, we report the monitoring of a
number of slope soil and water conservation techniques, such as terraces, “half moons”,
live barriers, etc., together with two agricultural management strategies, involving the
planting of corn and beans on the one hand, and peanuts on the other, with a semi-
quantitative methodology, to evaluate their effectiveness. A discussion is given on the
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costs and effectiveness of the techniques to reduce overland flow production and
therefore erosion, and to promote rainfall infiltration.

Several variables were measured along 25 metres transects: soil resistance to
penetration, percentage or rock outcrops, percentage of organic matter cover, percentage
of vegetation cover, and two indexes derived from the observation of erosion and
accumulation features.

Results show the efficiency of the various soil conservation measures, despite the
intensive use and the harsh soil mobilization techniques used to plant beans, maize and
peanuts at steep slopes. Soil and water conservation techniques play an important role in
the sustainability of local communities’ livelihoods in fragile environments such as those
in rural Cape Verde.

INTRODUCTION

World-wide over 1 billion souls are chronically hungry due to extreme poverty, while up
to 2 billion lack food security intermittently due to varying degrees of poverty (FAO, 2009).
The situation is particularly worrying in dry arid and semi-arid climates, as a result of global
change (i.e. climatic, technological and demographic). These changes imply alterations in the
socio-economic structure, on water and land use and on management practices.

Aridity and the associated vagaries of climate variability have often constrained the
development of human societies; they may even have fostered major technological advances
such as agriculture, the invention of irrigation systems, or settlements. Entire civilizations
have disappeared in the past for not being able to cope with externally driven climate
changes, or because the land management they practised was unsustainable in the
environments in which they occurred. The challenge we face has a scale that has not been
witnessed in historical times (Hughes and Diaz 2008, Verstraete ef al. 2008). The dependency
of modern societies from a continuous massive amount of water resources can only be paired
with the demand for fossil fuels.

Climate change and desertification will have a major impact on the poorest and therefore
most vulnerable part of the global population (Liu et al. 2008). Due to the little amount of
water available, drylands are highly vulnerable to climate change and other processes such as
population growth. The livelihood security of small holders in these regions is still intimately
linked with the local agro-ecological productivity, largely constrained by water availability
(Enfors and Gordon 2008).

The future of a billion people in drylands whose livelihoods (and often lives) depend on
natural resources is at risk from desertification exacerbated by climate change (Verstraete et
al. 2008). In addition, the increasing crushing pressure in areas where fast global changes are
occurring, lead to a sharp degradation of the livelihoods and to overspread poverty and
underdevelopment. Bad management and excessive pressure over scarce resources further
deteriorates the life of those living in African regions (e.g. Mbow et al. 2008). An integrated
approach to the problem, combining social and biophysical viewpoints, and links local
knowledge with the scientific endeavour are vital if the world is not to fail these people
(Verstraete et al. 2008).

Human-induced soil degradation worldwide has affected 1966 million hectares or 15% of
the total land area. The “Global assessment of soil degradation” (GLASOD) project estimates
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that 65% of the African agricultural land, 31% of permanent pasture land, and 19% of forest
and woodland has already been degraded (Sivakumar and Wills 1995).

Developing countries are experiencing a sharp population growth, which increases the
difficulty of a sustainable resources management. In the past, at low population pressure
farmers shifted from a cultivated site to an uncultivated one before significant decline in crop
yield could set in, thus leaving the fields to replenish soil fertility under natural regrowth.
However, with rapid population growth, fallow periods have shortened (Bationo et al. 1998).
The past decades have shown high population increases, the breakdown of traditional shifting
cultivation systems, and a rapid decline of land productivity and soil fertility in particular
Bationo er al. 1998. )

Demographic growth often results in severe environmental and social problems,
including the lack of adequate water supply and food security (Langergraber and Muellegger
2005). Unless there is some technological breakthrough, it is doubtful that even current
economies and living standards (or even populations) of some of the African regions can be
maintained (Loucks and Gladwell 1999).

The main causative factors of human induced soil degradation are deforestation,
overgrazing, agricultural activities, overexploitation of the vegetation for domestic use, and
(bio)industrial activities (Sivakumar and Wills, 1995).

Many west African farmers are food-insecured. Poverty, environmental degradation, and
low agricultural productivity are interlinked and have increased the food gap (Bationo et al.
1998). Areas of soil degradation are extensive in sub-Saharan Africa in the regions bordering
the Sahara and Kalahari deserts (Bationo et al. 1998).

According to Williams and Balling (1994), 332 million hectares of African drylands are
subjected to soil degradation, which represents one third of the entire area of dryland soil
degradation in the world (Bationo et al. 1998). 8

Drylands, defined as areas with low and irregular precipitation, cover 41% of the Earth’s
terrestrial surface, of which 10-20% of this land type are already degraded due to overuse
(Millennium Ecosystem Assessment 2005). The two billion of the world’s inhabitants of
drylands have the lowest incomes and highest infant mortality of all global population groups.

The arid and semi-arid zones of sub-Saharan Africa cover about 41% of the area and are
characterized by low, erratic rainfall (300-600 mm per annum), and infertile deplenished soils
(Sanchez 2002). In the semi-arid zone of sub-Saharan Africa, especially the rural savannah
zone, poverty and food insecurity are interlinked and widespread and are strongly linked to
the natural resource endowment (water, soils and vegetation).

Land and water degradation, overgrazing, and slash and burn agricultural production
practices have led to significant environmental degradation and food shortages. The capacity
of most African countries to manage climate change is limited, due to widespread poverty,
recurring droughts, inequitable land distribution, the dependence on rain-fed agriculture and
other factors which are described in the IPCC 2001 (McCarthy er al. 2001).

The combination of high exposure and low adaptive capacity makes Africa’s ecosystems
vulnerable to loss of ecosystem functions and services such as biomass production. In
comparison to all other regions of the world, the agricultural productivity per unit of water
(**crop per drop’’) in the semi-arid zones is the lowest worldwide (Rockstrém et al. 2004).
The increasing vulnerability of societies and ecosystems leads to a downward spiral of
ecological and social degradation and consequently to an increase in disasters.
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Adding to the vagaries of demographic growth and socio-economic degradation, the
[PCC confirmed that most published climate change scenarios indicate temperature increases
for most of Africa, while expected rainfall trends vary (Christensen et al. 2007). There is a
general consensus that climatic variability will increase, leading to an increase in droughts
and floods and to growing uncertainty about the onset of the rainy season. Climate change
thus affects the hydrological cycle, water resources, agriculture and ecosystem performance
and services. This resource degradation enhances proneness to conflicts, and makes Africa
even more vulnerable (Nyong 2005).

A simulation of cropping boundaries for the year 2050 implies that large areas at the
margins of current arable lands will no longer be suitable for cropping (Thornton ef al. 2002).
Since about 65% of sub-Saharan Africa’s population live in rural areas and depend mostly on
rain-fed agriculture (World Bank 2000), to improve food security and livelihoods becomes a
matter of utmost importance and urgency. The current level of dependency on irrigated land
is very low (less than 2% of the cultivable land), therefore rain-fed agriculture increasingly
plays central role in sustaining rural livelihoods and meeting food requirements. The
challenge in this region is to optimize crop production per drop of rain, i.e. increase green
water.

The extent to which water resources development contributes to economic productivity
and social well-being is seldom appreciated, although all social and economic activities rely
heavily on the supply and quality of freshwater. As populations and economic activities grow,
many countries are rapidly reaching conditions of water scarcity or facing limits to economic
development. African regions face major challenges to meet the Millennium Development
Goals on eradicating poverty and hunger. It is estimated that 45-50% of the population live in
extreme poverty and the level of malnutrition is high (Enfors and Gordon 2008).

Under the actual circumstances of population growth, water resourc@s available per
inhabitant will decrease sharply, in some cases more than 50% by 2025, even without climatic
change (FAO 2003). An even more striking problem which will worsen in the near future is
that water will become gradually less available to ensure the population’s daily needs
(Greenland and Nye 1959).

As groundwater levels in many areas are falling, rivers dry up and climate patterns
change, water is being recognised more widely as a valuable natural resource (Correia ef al.
2005). Unless there is some technological breakthrough, it is doubtful that even current
economies and living standards (or even populations) of some of the regions can be
maintained (Greenland and Nye 1959).

Soil degradation and productivity loss is a biophysical process (soil, climate and
vegetation) driven by socio-economic and political factors. The main biophysical processes
involved, accelerated soil erosion and salinization, reduce soil quality and rooting depth,
decrease vegetal cover, reduce biomass productivity, and accentuate vagaries of climate
especially low and variable rainfall (Lal 2001).

The low, insufficient and irregular rainfall is a major challenge to profitable farming in
dry areas (Inanaga ef al. 2005). As rainfall amounts and distribution in this zone are usually
suboptimal, moisture stress periods often occur during one or more stages of crop growth
causing very low crop yields (Oweis and Hachum 2006).

Adding to climate variability, various types of State interventions in agriculture and
global market fluctuations appear to have been the main underlying causes of environmental
degradation (Mbow et al. 2008).
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The Traditional Soil and Water Conservation Techniques

Semi-arid areas in Africa face climatic variability at different temporal scales. High
natural inter-annual climatic variability is expressed as droughts and floods; a high seasonal
variability leads to dry spells (Usman and Reason 2004). Farmers in dryland areas developed
strategies, to cope with this uncertain and erratic rainfall patterns (Ngigi 2003).

In dryland ecosystems water is the major limiting factor in agricultural production
systems, and the performance of landscape functions relies heavily on the availability of
water.

In the Sahelian zones of west Africa prominent indigenous soil and water conservation
techniques include stone bunds on slopes, contour stone bunds, stone terraces, stone lines,
earth bunds, and planting pits (Savonnet 1976, Roose 1990), and permeable rock dams. Roose
(1989) reviewed the results of 30 years of research at ORSTOM and CIRAD on soil and
water conservation, and concluded that the major factors in curbing erosion are vegetation
cover, cultural practices and slope management.

A vast variety of traditional as well as innovative in situ soil and water conservation
practices exist, (eg. Critchley and Mutunga 2003, Ngigi 2003, IWMI 2005). Typical in situ
soil and water conservation practices structures are linear structures (e.g. embankment of
stone or earth as contour bunds, and/or grass strips) which are sometimes sophisticated, such
as the Tera system in Sudan (van Dijk and Ahmed 1993) and terracing as practiced in East
Africa. Semi-circular bunds are common in the semi-arid zones of Western Africa, such as
half moons or Demi lunes (Barry and Sonou 2003). Pitting cultivation also takes place in the
form of Zai in Burkina Faso (Kassogue et al. 1996, Ouedraogo and Kaboré 1996, Fatondji ef
al. 2001; Kabore and Reij 2004), Tassa in Niger (Hassan 1996), or the Chololo pits and
Ngoro pits of the Matengo people in East Africa (Mutunga and Critchléy 2001, Kato 2001,
Mati and Lange 2003, Malley et al. 2004). The different systems differ mainly in the size of
the pits. In general, biomass production is improved by applying mulch in the pit before
planting. Other approaches, such as conservation tillage, improve infiltration ability on the
field scale (Stroosnijder 2003).

In the context of agricultural production in African drylands, soil and water conservation
practices such as rainwater harvesting provide an opportunity to stabilize agricultural
landscapes in semiarid regions and to make them more productive and more resilient towards
climate change (Wallace 2000, Lal 2001). Stabilization of the agricultural landscape includes
the restoration of degraded cultivated and/or natural grazing lands. There are many marginal
water sources that could be used more efficiently such as road and land runoffs that are
normally lost through erosion processes (Prinz and Malik 2002).

Rainwater is collected from fields, house roofs and streets, and can be stored in
underground tanks or open ponds. In situ Rain Water Harvest practices mainly help to
overcome dry spells, as the soil, which is the main storage site of in situ Rain Water Harvest
practices, serves only some days to weeks as a storage system (Falkenmark er al. 2001). By
manipulating the soil surface structure and vegetation cover and density, evaporation from the
soil surface and surface runoff can be potentially reduced, infiltration is enhanced and thereby
the availability of water in the root zone increased. In situ Rain Water Harvest practices need
low technical efforts compared to larger scale water harvesting schemes but show only
comparatively short-term effects on soil water availability compared to temporally (storage)
or spatially (spate irrigation) extended systems (Falkenmark ez al. 2001).
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The introduction of soil and water conservation techniques modifies landscape functions
at different spatial scales. In what concerns hydrological functions, infiltration structures
modify water flows in the landscape mainly by enhancing water infiltration at plot scale
(Wakindiki and Ben-Hur 2004).The velocity of runoff is reduced, and the water is collected
behind the structures. Soil moisture was found to increase significantly below semi-circular
bunds in Burkina Faso (Zougmoré ef al. 2003) and in run-on basins in South Africa (van
Rensburg ef al. 2004). The greater number of soil macropores enhances infiltration due to
increased biological activity at vegetation strips, as shown for Australian drylands (Ludwig et
al. 2005). Few direct field measurements were made on the impact of soil and water
conservation techniques on groundwater recharge. Nevertheless, when inquired about it, local
populations tend to indicate that those techniques enhance water availability (e.g. Mutekwa
and Kusangaya 2006).

Soil and water conservation techniques not only trap surface water but also reduce runoff.
Aquatic and wetland ecosystems downstream of the structures might not receive enough
surface runoff to maintain and sustain their functionality.

Irrigation is often considered the best way of making farmers less dependent on erratic
rainfall. However, this policy had limited success because of the build-up of salt in irrigated
soils, a problem which does not usually occur in runoff farming because of the better quality
of runoff water from very small catchments (FAO 2003). Another solution, specially in areas
not suitable for irrigation, is to invest in soil and water conservation measures at slope scale to
improve overland flow infiltration and therefore increase the amount of green water.
Depending on slope, rainfall, and farming practices, as well as on the quality of design and
maintenance, soil erosion is reduced under soil and water conservation structures (Herweg
and Ludi 1999, Schiettecatte et al. 2005). These structures act as sediment traps, and therefore
can enhance nutrient availability at the structures, as was shown for traditional Zai in Niger
(Fatondji 2002).

Soil and water conservation techniques enhance biomass production per unit area. They
can completely change the character of an arid landscape as reported in the ‘‘Savannization’’
project in the northern Negev, where trees have been planted in a largely tree-less semi-arid
landscape (Warren 1995). The relationship between soil and water conservation practices and
landscape heterogeneity refers to the number of plant patches, the spatial and temporal
structure of the patches as well as their composition:

Sustainable Livelihoods

Increased and sustained crop yields are vital for food security in rural communities.
Several studies have shown that in many cases, crop yields are higher when soil and water
conservation practices are applied (e.g. Jones and Tengberg 2000). Soil and water
conservation structures such as tera (van Dijk and Ahmed 1993) mainly serve to reduce crop
failure during dry spells and droughts and thus help to enhance food security. Valuable
mechanisms in this context are a prolonged vegetation period caused by early planting as well
as an improved ability of crops to survive dry spells (Falkenmark ef al. 2001). Increased
efficiency of rainwater use can be reached by supplementary irrigation (Rockstrém et al.
2002, 2004). Enhanced infiltration favours groundwater recharge and refilling of wells.
Nevertheless, due to reduced downstream runoff, conflicts might arise between neighbours



Efficiency of Overland Flow and Erosion Mitigation Techniques ... 119

competing for available water resources. In densely populated areas of Kenya, such
communal conflicts have been minimized through the adoption of a sophisticated technique
of collecting street runoff and distributing the rainwater (Mutunga and Critchley 2001, Ngigi
2003). Under erratic rainfall conditions in the semi-arid zone of sub-Saharan Africa, a major
contribution to improving crop production can be anticipated from improved and up-scaled
Soil and Water conservation practices. Fostering and improving these technologies in a
sustainable way, while taking biodiversity aspects into account, offers a means of minimizing
the risk of drought, crop failure and ecological refugees. The social and economic
sustainability of soil and water conservation practices depend largely on the extent of
involvement by farmers and the communities in general. The more local communities are
involved in planning, the higher the possibility that structures will be maintained and benefits
are shared (Bangoura 2002). Resilience is the ability to buffer sudden and large external
impacts in that the major functions of landscapes as described above are maintained by socio-
economic as well as ecological adaptability (Folke e al. 2004). Soil and water conservation
practices used to restore degraded areas improve resilience in enhancing socio-economic as
well as ecological adaptability. This is achieved by improving productivity (Lal 2001, 2004,
Rockstrém et al. 2004).Socio-economic adaptability may be improved by increased food
security, extra income and consequently enhanced and sustainable livelihoods. However, this
certainly is not enough to enable achievement of the Millennium Development Goals (MDGs)
although it may reduce pressure on land and natural resources. Humans therefore are not only
a cause of degradation but can be the driving force for restoration processes due to their
efforts. The way land degradation issues are managed and sustainable development pathways
are defined is governed by the institutional context in which certain policies are made and
implemented (Verstraete er al. 2008). The policies and investment strategies chosen to
increase agricultural production will affect water use, the environment and the extent and
depth of rural poverty (Fraiture and Wichelns 2009). Without improvements in land and water
productivity or major shifts in production patterns, the amount of crop water consumption in
2050 must increase by 70-90%, depending on actual growth in population and income
(Fraiture and Wichelns 2009). Producing enough food to meet future needs will require water
development and management strategies that promote improvements in food security while
maintaining the productivity of our land and water resources and enhancing environmental
amenities (Molden 2007). To this end, it is necessary, specially in steep slopes of arid and
semi-arid environments, to maintain the soils in place and the water within the soils, therefore
increasing green water amount and therefore crop productivity. Central to this problem is the
capture of all the overland flow following the heavy intensity rainfall events that take place in
the tropics. This paper presents some of the techniques used at Cape Verde slopes and
discusses, based on semi-quantitative surveys, their efficiency.

CAPE VERDE

The Cape Verde archipelago, off the African West coast, off shore from the promontory
from which it took his name, is located in a wide zone characterized by arid and semi-arid
climates that crosses Africa from the Atlantic to the red sea (Amaral 1964)



120 A.J. D. Ferreira, J. Tavares, 1. Baptista, C. O. A. Coelho et al.

Cape Verde is an island state comprising 10 islands (Santo Antdo, Sdo Vicente, Santa
Luzia — uninhabited — Sdo Nicolau, Sal, Boavista, Maio, Santiago, Fogo and Brava) and 13
islets, about 450 km off the West African coast, near Senegal. The islands are of volcanic
origin, relatively small in size, geographically dispersed and are located in a zone of high
meteorological aridity. Three of the inhabited islands are relatively flat, while the remaining
islands are very mountainous. Together, the islands occupy a total of 4.033 km” in surface.

Like other sahelian countries, Cape Verde suffers the catastrophic effects of drought, only
in a more aggravated manner. This climate is characterized by extremely insufficient and
irregular rainfall, combined with the small amount of land available and high propensity to
soil erosion, is the main cause of the structural weakness of the agriculture sector.

Rains in Cape Verde are, essentially, a result of the annual movement of the Intertropical
Front that originates a wet season from July to October. The rainfalls are concentrated during
the months of August and September, at which time between 60% and 80% of the annual
amount of rainfall is discharged.

Rainfalls vary greatly from one year to another, not only in what concerns their
distribution in time and space but also in what concerns their global annual amounts.
Precipitations fall frequently under the form of intense rainfall, and often, in certain localities,
the total annual precipitation is produced in two or three isolated events. There is a significant
increase in rainfall with the altitude and a marking difference between the wet slopes,
exposed to the NE trade winds, and those much drier, located windward.

Considering the annual average rainfall values (P), as an index of climate classification,
the following types of climate would correspond to each one of the islands:

e Sal and Boa Vista: extremely arid (P<100 mm)
e Sdo Vicente, Sdo Nicolau and Maio: arid (100 <P < 200mm) b
e Santo Antdo, Fogo, Santiago, Brava: semiarid (200< P<500mm)

The main characteristic of the archipelago is the extreme irregularity of precipitations.
Frequent droughts and crises (i.e. famines) were registered and are recurrent in the history of
the people republic of CapeVerde (Amaral 1964, Carreira 1977, Silva 1995). The resulting
effects of XX century droughts were felt in a particular way, taking into account the strong
demographic pressure over the scarce natural resources, and the total toll of deaths due to
famine. The succession of long dry periods, alternating with brief wetter periods is a
characteristic of the Cape Verde climate.

The annual rainfall has been gradually decreasing since the 1960s, causing negative
impacts on agricultural production levels and water supply. About 13% of rainfall infiltrates
in the soil recharging groundwater. Twenty percent is lost through superficial runoff and the
rest through evaporation.

Cape Verde history is full of dramatic events of scarcity and famines responsible for the
death of thousands of persons. From the X VI to the XIX centuries, the islands administrations
register at least 27 famines and epidemics. In the first half of the XX century, seven famines
occurred (Table 1). Despite the close relation between the famines and the occurrence of dry
years, other factors contributed to the high number of deaths, which in the 1947-1948 famine
killed one in five inhabitant in Cape Verde. In the decade of 1940s alone, the famines were
responsible for the death of almost half of the population of Cape Verde.
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Table 1. Famines and number of deaths during the XX century (Lesourd 1995)

Year Deaths due to famine
1903-1904 16118

1911-1915 ?

1916-1918 ?

1921-1922 17595

1923-1924 ?

1941-1943 24463

1947-1948 20813

Amaral (1964) refers that in the Santiago Island alone, the population decreased by 65%
in the 1947-1948 crisis. The chronic mal-nutrition induced the occurrence of epidemics and
death, and anthropophagic cases occurred under famine crisis.

Famines were enhanced by: (i) The little attention to the problem given by the colonial
authorities and the colonial production structure. (ii) The disastrous management of the
environment, as a result of an excessive and uncontrolled exploitation, mainly by goats that
increased soil erosion in the steep slopes.

The problems with the nourishment decreased sharply after the 1950s. Following the last
big famine (1947-1948), the colonial authorities took several measures to mitigate the famine
problems in the archipelago. These included the construction of terraces and dams to reduce
the erosion risk and to conserve soil and water, and the forced emigration to other colonies.
Those measures allowed the mitigation of famine during dry years (1958-1959, 1969-1970,
1971-1974). The famine disappeared from Cape Verde.

-

Tackling Adversity

At the time of its independence in 1975, the Archipelago of Cape Verde was considered
one of the poorest in the world (Lesourd 1995). Despite the rather modest start, Cape Verde
holds now the position 106 (out of 177 countries) in the Human Development Index (Human
Development Report 2006), being in 88th place in what concerns life expectance at birth and
91st place on GDP per capita. It shows a vigorous constant increase in all the indices by
comparison with the other Sub-Saharan Countries.

After independence, policies were implemented to supply food to the populations in
distress, with a food programme adapted to the needs. This included a massive investment in
soil and water conservation techniques that completely changed the landscape, and were to a
large extent implemented during crisis periods.

During these periods, in order to help the population, widespread working brigades were
created, and paid the necessary for survival. The “Frentes de Alta Intensidade de Mao-de-
Obra” (High Intensity Manpower Fronts) (FAIMO) brigades paid a meagre salary in
exchange for the construction of common infrastructures, including soil and water
conservation works. This meagre payment allowed them to survive during dry spells and
completely changed the landscape, now a hymn to soil and water conservation.
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Nevertheless, these programs were unable to take numerous families from endemic
poverty. These, with very low incomes, can barely provide for their food. The families leaded
by women are the more vulnerable (Lesourd 1995).

Soil and Water Conservation Strategies, Techniques and Practices

Alike any other Sahel country, Cape Verde has been much affected by desertification
phenomena, although extreme efforts are being made to contradict the process. Water
resources are a fundamental factor of a successful goal achievement in the practice of
watershed management.

Unfortunately it has been noted that the water supply has decreased steadily as a result of
various processes, namely, changes in vegetation cover, climate, increase of population
pressure and unsuitable technological advances.

Specifically in case of Cape Verde, recurring and sporadic rainfall, poorly distributed in
space and time, combined with appointed adverse factors, play a role of prominence for the
aggravation of the desertification process, which culminates with additional inappropriate
human’s interventions direction (road constructions, poor agriculture practices, etc).

To face the overwhelming problems of desertification, a strategy was adopted under the
National Program to combat the desertification, together with the Poverty Alleviation
Program to promote Soil and Water Conservation Actions.

The main aim is to maintain the soil in place and the water within the soil. To this end,
several techniques were ubiquitously implemented throughout the landscape, providing
barriers made of stones and/or vegetation, or providing overland flow traps such as the half
moons used to improve the conditions to plant trees. b

The barriers consisting in construction of contour stone walls and contour furrows
(ridges), and terraces, vegetated with drought tolerant species, such as Aloe vera, Leucaena
leucocephala, Furcraea gigantean, Jatropha curcas, Prosopis juliflora, etc. In this study we do
not include the check dams, a strategic tool for watershed management, an important
touchstone of the Cape Verde soil and water conservation strategy.

Soil and Water Conservation Techniques at Slope:
The most common structures of this nature built in Cape Verde are:

i) Terraces, and contour stone walls on slopes higher than 20% for fruit tree
plantations, fodder and forestry species;

ii) Contour stone walls and contour furrows (ridges) to increase water infiltration on the
slopes, reduce superficial runoff and the erosion;

iii) In addition, Cape Verde is one of the countries in the world with higher per capita
investments in afforestation, because it is seen as an important soil and water
conservation strategy.
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Figure 1. Construction of Contour Ridges for planting — Santiago Island.

Contour Stone Wall

Contour stone wall is a soil stabilizing mechanical structure built along the contour, using
medium and small sizes rock, found on site. The spacing between the contours depends on the
topography of the treated land, and normally it is spaced between 8 to 15 metres. The main
advantage is to it stabilize the slopes, slowing runoff, promotes the infiltration capacity, and
traps sediments. The technique is well suited for small scale application on farmer's rainfed
fields. The water and sediment harvested improve the yield. Implementation is fast, cheap and
easy. It makes it possible for woman to carry out the work, since the sizes of the rocks are
easy to handle. Unavailability of local stone increases the contruction time, and price. In some
cases the contour stone walls can be associated with vegetation strips.

Contour Furrows (Ridges) F

The construction consists of parallel ridges (made of earth) on the contour lines spacing
of between 1 and 2 metres. The soil is excavated and placed downslope to form a ridge, and
collects runoff (on the furrows) from the catchment between ridges. A diversion ditch may be
necessary to protect the system against runoff from outside. The technique is very effective,
for rainfed cropping in semi-arid areas where the soil is fertile and easy to work. It is also
very effective in upslope locations, where the cultivation of some fruit trees is acceptable. The
implementation is fast, cheap and easy. It cannot be used for slopes with slope angles equal or
higher to 50%. It may require new technique of land preparation and planting, which will rise
an acceptance problem.

Figure 2. Slope treated with contour ridges combined with Furcraea gigantean (locally named
"Carapati") — S. Jorge, Ribeira Seca.
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Terraces

Terraces are earth embankment, or a combination ridge and channel, constructed across
the field slope that intercepts, detains and safely conveys runoff to an outlet. Terraces are
most effective when used in a planned conservation system that includes a combination of
practices such as conservation tillage, crop rotations, contour farming and field borders. They
represent an effective on erosion reduction and sediment transport, and require little
maintenance, when properly built. Terraces are relatively expensive to build, and require
qualified technicians.

Figure 3. Slope treated with Contour Stone Walls combined with Leucaena leucocephala (locally
named "Linhacho") — Achada Costa, Ribeira Seca.

Afforestation

Afforestation is a priority in Cape Verde as a soil and water conservation strategy. It is
often associated with other techniques, “namely half moons™ or contour furrows and ridges. It
is a largely a “government initiative”, for which local people are paid for, either during
normal periods or under drought episodes, under the FAIMO programmes. Works are planned
and supervised by qualified technicians. Forests are mainly planted with soil and water
conservation purposes, and are often found at the tops of slopes in very steep locations.

Figure 4. Slope treated with Contour Stone Walls combined with Aloe vera (locally named "Babosa") -
Achada Costa, Ribeira Seca.
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Methodology

To assess the effectiveness of the soil and water conservation techniques at slope level,
25 meters transects were performed, downslope at the various soil and water conservation
techniques.

At each metre, 5 measurements of soil compaction were made with a pocket
penetrometer, the percentages of litter and vegetation were measured, along with the
percentage cover of rock outcrops and stones. A 0 to 5 scale was developed for erosion and
accumulation, gathering the length and severity of these two phenomena, with 0 meaning no
evidence, and 5 a massive developed gully or accumulation, covering more than 70% of the
space.

Figure 5. Slope treated with contour stone walls combined with agro-forest species— Achada Costa.
Ribeira Seca.

Figure 6. Terraces built on slope, planted with rainfed crops (corn and beans) - S. Jorge, Ribeira Seca.
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RESULTS
Soil Resistance to Penetration
Soil resistance to penetration is on average lower than 1 kg.cm™, with the exception of

soils in undisturbed forest areas (Figure 7). Several other land uses show high average
resistances to penetration, namely terraces and undisturbed soils under forest or fallow.

s r—mm — —

5 4 - — |

E =

2 3

'3 b ( ¢ '|‘ *

& 4 T T A T

L 2 4 L 3
NINAARRSRRTERRR H, J.M
A
# 4 *’f"'i’ *‘* n«’f“ﬁ:@
& xféf s ; Jfff ¢ *"i” Rl
#?& “jf °’°
[ Land uses

Figure 7. Soil resistance to penetration for different land uses and soil and water conservation
techniques.

The lowest values of soil resistance to penetration can be found in newly disturbed areas
for agriculture or afforestation, such as those areas where recent afforestation was performed
and there are still furrows and ridges with little or no consolidation.

If included within a soil and water conservation technique, most of the sediment and
water will flow from the base of one barrier to the slope rupture created by the subsequent
barrier a few metres downslope.

Rock Outcrops and Stones

The availability of rock outcrops and stones (Figure 8) is to a large extent dependent on
the parent material. In areas with large amounts of stones the percentage cover is quite high,
especially if the slopes are steep and soil and water conservation measures poorly
implemented (with insipient contour stone walls).
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Figure 8. Rock outcrops and stone cover for different land uses and soil and water conservation
techniques.

Terraces and half moons, where stones cover a significant percentage of the surface, also
show values above 10%, on average. All the other techniques produce less than 10% stone
cover, mainly because stones are absent from in the soil or parent material.

This explains why in some places farmers choose to implement vegetation contour
barriers, because stones are not available. N

These present the lowest stone cover, in some cases the maximum content do not exceed
10%. Where available, contour stone walls are often reinforced with one of the species used
to form live contour barriers.

Organic Matter Cover

The amount of litter cover in the soils varies widely, although in the majority of the cases
the averages are lower than 40%. Nevertheless, for a significant number of soil and water
conservation techniques, the maximum organic cover exceeds 80%, while in almost all cases,
the minimum value is zero, or close to zero (Figure 9).

The broad distribution within each land use reveals a tendency to patchiness, with some
areas of bare soil while others may have patches of litter layer covering almost the entire
measurement area.

The patchiness can play an important role in overland flow generation and on erosion
yields, since it reduces the continuity of hydrological and erosion processes downslope,
thereby reducing soil and water loss.

The higher values are found in the undisturbed forests, whose plantations were
established a few decades ago. The smallest values are found in the soils frequently disturbed
by agricultural practices, typically in the areas with soil and water conservation measures.
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Figure 9. Organic matter cover for different land uses and soil and water conservation techniques.

Vegetation Cover

In addition to the litter layer, the percentage of soil covered by grasses and bushes was
also monitored. In some cases the values were higher than for the litter cover, namely for
those areas where vegetation was not removed from the soil due to agricultural practices,
either because the crops were still in place or because the soil and water Conservation measure
were implemented in non agriculture land (i.e. forest and grazing areas) (Figure 10).
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Figure 10. Vegetation cover for different land uses and soil and water conservation techniques.
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Figure 11. Erosion features index for different land uses and soil and water conservation techniques.

The soil and water conservation techniques that use vegetation (i.e. contour vegetation
strips) present higher values than those with stone barriers. Some of thg forest plots present
the highest vegetation covers, probably due to the protective environment trees provide to the
understorey vegetation (shade).

Erosion Index

Erosion features present a more scattered pattern (Figure 11). Some of the land uses
present typically lower vestiges of erosion features, namely forested areas and the terraces.
The soil and water conservation measure have distinct and sometimes contradictory values.
This has to do with several factors, namely the slope angle, the conservation status of soil and
water conservation techniques in place. The lowest concentration of erosion features is found
in the terraces and in the newly planted forest, with furrows and ridges still undisturbed.

Accumulation Index

The accumulation features index is partly dependent on the erosion feature index, in the
sense that if the erosion values are high and the accumulation values are equally higher, this
probably means that the erosion processes are of short cycle. This would mean that sediments
eroded upslope would be immediately deposited in the first slope angle rupture downslope,
and therefore erosion is not very important at slope scale. This is the case of the vegetation
strips made with Leucaena leucocephala, or with Furcrea gigantean.
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Figure 12. Accumulation features index for different land uses and soil and water conservation
techniques.

Although the erosion features index is high, the accumulation features index is also high,
which means that the erosion at slope scale is not high. N

Nevertheless in some cases, erosion feature index is high and the accumulation features
index is low. In those cases this represents an effective export of sediments from the slope to
the river channels, and therefore an effective erosion and degradation due to hydrological
processes.

In this context the worst cases are those without soil and water conservation techniques,
either used for agriculture or under fallow (Figure 12). This implies that the vegetation strips
have an important role in soil and water conservation. In fact, many of the erosion features are
produced by men, resulting of their use of steep slopes for rainfed agriculture. The erosion
would be inevitable in any case. The accumulation features show that despite the high erosion
rates, sediments are trapped just below in the next vegetation strip.

CONCLUSION

Mastering overland flow may have an important impact in the livelihood of traditional
communities in arid and semi-arid environments. The Cape Verde history is paradigmatic of
the importance of soil and water conservation for sustainable development. Prior to the
1950s’ famines were frequent in the archipelago, charging an incredible high toll in deaths
and emigration.

With the implementation of soil and water conservation techniques, right after the last
famine, that took place in 1947/48, and despite a perceived decrease in the annual rainfall,
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there are no registers of deaths by famine ever after. To maintain the water in the soil and the
soil in place has paid off, and the population more than duplicated when compared with the
number of inhabitants previous to the 1940s’ crisis.

To this end contributed also a significant improvement on the governance, specially after
the independence.

The different soil and water conservation techniques used in very steep slopes (some with
slope angles exceeding 25°) have different efficiencies, but all of them, from the vegetation
strips, the afforestation the terraces or the contour stone walls, single or associated with
vegetation strips, have a positive effect on soil and water conservation, despite the
disturbance produced by men, while performing agriculture practices.

In no other place in the world soil and water conservation techniques play such an
important role in the overall sustainability and livelihood of local communities as in Cape
Verde.
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