See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/335084047
Soil and Water Conservation: An Overview

Chapter - January 2019
DOI: 10.1007/978-3-319-69626-3_91-1

CITATIONS READS
2 287

3 authors, including:

Shadrack Nyawade Nancy Karanja
International Potato Center & University of Nairobi
15 PUBLICATIONS 68 CITATIONS 172 PUBLICATIONS 1,751 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Water and nutrients utilization under potato-legume cropping systems and the effects on crop productivity View project

Project Urban agriculture View project

All content following this page was uploaded by Shadrack Nyawade on 13 August 2019.

The user has requested enhancement of the downloaded file.

ResearchGate


https://www.researchgate.net/publication/335084047_Soil_and_Water_Conservation_An_Overview?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/335084047_Soil_and_Water_Conservation_An_Overview?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Water-and-nutrients-utilization-under-potato-legume-cropping-systems-and-the-effects-on-crop-productivity?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Urban-agriculture-2?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shadrack_Nyawade3?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shadrack_Nyawade3?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/International_Potato_Center?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shadrack_Nyawade3?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nancy_Karanja2?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nancy_Karanja2?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Nairobi?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nancy_Karanja2?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Shadrack_Nyawade3?enrichId=rgreq-dda52f7bb273273e6c991f57f55ad5c8-XXX&enrichSource=Y292ZXJQYWdlOzMzNTA4NDA0NztBUzo3OTE0MzU2NTM2OTM0NDZAMTU2NTcwNDM3MjI3Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Soil and Water Conservation: W
An Overview

Charles K. K. Gachene, Shadrack O. Nyawade
and Nancy N. Karanja

Department of Land Resource Management and
Agricultural Technology, College of Agriculture
and Veterinary Sciences, University of Nairobi,
Nairobi, Kenya

Definitions

Buffer strip An area of land maintained in
permanent vegetation that helps
to trap sediment by slowing
down runoff, thus enhancing
filtration of nutrients.

Conservation A tillage system that creates a

tillage suitable soil environment for

growing a crop and that
conserves soil, water, and energy
resources mainly through
reduction in the intensity of
tillage and retention of plant
residues.

Any type of vegetative cover
retained in the field and may
include standing stubble,
dispersed straw, living
vegetation, or mulch.

Crop residue
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Soil and Any practice that reduces soil

water erosion and water runoff, thus
conservation  conserving soil.
(SWC)

Soil erosion Detachment and transportation
of soil and soil material from the
place of origin by water, wind,
ice, or gravity and deposition to

another place.
Introduction

Loss of soil quality due to soil erosion remains
a major factor of low crop productivity in tropical
and subtropical countries. Soil and water conser-
vation (SWC) efforts should therefore be geared
toward soil erosion control for enhanced mainte-
nance of soil organic matter and soil physical
properties. The main factors causing soil erosion
can be divided into three groups: (1) energy
factors, e.g., rainfall erosivity; (2) protection fac-
tors, e.g., plant cover and land management; and
(3) resistance factors, e.g., soil erodibility. This
entry mainly covers soil erosion by water. Soil
erosion is a major threat to the soil resource, soil
fertility, productivity, and, lastly, to food and fiber
production (Boardman et al. 2009). According to
Ighodaro et al. (2013), soil erosion is the biggest
environmental problem the world faces second
only to population growth. Worldwide, erosion
on cropland averages to about 30 t/ha/year, and
each year about 10 million ha of cropland is
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water quality

rendered unproductive and abandoned due to soil
erosion (Nyawade et al. 2018a, b). Pimentel
(2006) reports that soil erosion is highest in
Asia, Africa, and South America where soil losses
range from 30 to 40 t/ha and that it is severe in
small farms located in marginal areas where soil
quality is poor and the topography often steep
(Plate 1). Soil erosion is severe in small farms
located in marginal areas where soil quality is
poor and the topography is often steep (Plate 1).
Although the problem is as old as settled agricul-
ture, its extent and impact on human welfare
and global environment are more now than ever
before. However, human alterations of land
use and cover have caused erosion rates to
increase for many areas of the world, resulting
in considerable land and environmental degrada-
tion (Valentin et al. 2008; Martinez-Casasnovas
et al. 2009; Farhan et al. 2014; Tesfahunegn
et al. 2014). While temporary solutions such
as increased fertilizer have offset some of
the effects of erosion on soil productivity,
they are not complete substitutes for topsoil
(Gachene et al. 1997) and represent the greatest

input cost for compensating yield losses caused by
erosion (Pimentel 2006).

Studies conducted on a humic Nitisol
at Kabete, Kenya, indicated that soil erosion
by water can lead to substantial loss in maize
growth and grain yield (Gachene et al. 1998)
(Table 1).

Thus, in order to maintain long-term produc-
tivity and preserve soil and environmental quality,
it is important to implement SWC practices
that prevent and minimize soil erosion, rather
than manage the effects of erosion after it has
occurred (Yannelli et al. 2013). Runoff and soil
loss prediction has been widely used as a tool to
guide in SWC planning (Murillo et al. 2011;
Renschler and Harbor 2009; Gobin et al. 2004).

Reflecting Back on the History of Soil
and Water Conservation Measures

Historical evidence shows that many parts of the
world were experiencing high rates of soil erosion
in the 1930s leading to a decline in agricultural
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Soil loss (t/ha) Leaf area index

0.77 4.85
40.54 4.67
171.31 5.52
247.27 2.89

Source: Gachene et al. (1998)

productivity. For instance, SWC in Kenya (as was
the case in most of the East and Central African
region) was introduced in the 1930s. Due to seri-
ous erosion problems in both the settlers and the
African farms, SWC was made compulsory by the
African Land Development Board (ALDEV) and
the Swynnerton Plan (1953—-1957). Colonial Era
(1930-1962): Colonial authorities addressed the
problem of soil erosion by implementing district
level bylaws specific to the African held land
which focused on coffee and cotton. Local admin-
istration and agricultural technicians rigorously
enforced these stipulations, and stiff penalties
were imposed on farmers who failed to comply.
SWC measures that were enforced included con-
tour farming, tree planting, terrace strip cropping,
and destocking. This was followed by a The lost
Decade—No Approach (1963-1972): period of
laxity by the people toward coerced soil conser-
vation. This was because soil conservation had
become both politically and socially untenable.
During this period, more terraces disappeared
through destruction and neglect than were being
constructed coupled with few initiatives toward
soil conservation. This was followed by Revival of
Soil Conservation (1972—1988). Land degrada-
tion was considered to be a serious problem in
Kenya during the United Nations Conference on
the Human Environment in Stockholm in 1972.
National Soil and Water Conservation Program
(NSWCP) was launched in 1974 with support
from Swedish International Development Coop-
eration Agency (SIDA). This program aimed
at increasing and sustaining agricultural produc-
tion through simple, cheap, and effective soil
conservation measures. This was individual farm
based with a package of tools given out to farmers.

3
Crop height (cm) Grain yield (kg / ha)
247.3 828.6
235.0 601.6
226.7 517.8
163.4 300.0

Lessons learnt in this phase led to an introduction
of'a community-based SWC approach (the catch-
ment approach).

Agronomic and Vegetative Measures of
Soil and Water Conservation in
Croplands

Agronomic and vegetative SWC approaches have
gained considerable application particularly in
sub-Saharan Africa due to their low cost of adop-
tion compared to the structural SWC measures.
These techniques are categorized into five groups:
crop management, soil management, contour
farming, organic matter and fertilizer manage-
ment, and agroforestry.

Crop Management Practices

The use of cropping systems and mulching to
conserve soil and water in arable lands is increas-
ingly gaining interest and is often evaluated in
runoff plots (Plate 2). Good crop management
reduces soil erosion by water and wind to tolera-
ble levels and can improve soil fertility. To
achieve these practices, select appropriate crops
for the soil and slope, plant early, and use suitable
cropping systems and rotations to keep the soil
covered. Besides their role in crop diversification,
intercropping systems are important in soil ero-
sion control and soil fertility improvement. In
a study conducted in central Kenya to quantify
the losses of soil organic matter due to soil erosion
under different potato-based cropping systems,
Nyawade et al. (2018b) observed 34% reduction
in soil organic matter losses when Dolichos lablab
was intercropped with potato crop. This
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observation was attributed to the Dolichos’s inde-
terminate growth pattern which enabled it to pro-
vide effective postharvest cover. Mulching is
particularly applicable where crop residues have
limited competitive use rather than for soil ero-
sion. The mulch protects soil surface against rain-
drop impact, decrease runoff velocity by
impacting roughness, and thus improves water
infiltration capacity. Mulching also enhances
burrowing activity of earthworms which
improves percolation of water through the soil
profile, thus improving soil moisture storage in
the root zone. Integrated use of contour hedge-
rows and mulching remarkably reduced
runoff from 100 mm to 20 mm and soil loss
from 100 to 2 Mg ha™' in a sloping semiarid
land in Eastern Kenya (Kinama et al. 2007).

Soil Management Practices

Designing sustainable soil management practices
remain a major challenge in East and Central
African region. Losses of SOC, N, and P due to
soil erosion and poor cropping systems are esti-
mated to be at rates of 270 million tons per year
in Africa. Given the inherent low fertility of many
soils in tropical and subtropical regions, the use
of farmyard manure and inorganic fertilizer is

particularly important due to their ability to
improve both soil water content and soil proper-
ties. For instance, extensive work on highly
weathered soils in Kenya (Otieno et al. 2018),
Tanzania (Okalebo et al. 2006), Uganda (Pincus
et al. 2016), Democratic Republic of the Congo
(Munyabhali et al. 2017), and Angola (Rodrigues
et al. 2018) has demonstrated the potential of
crop residues to restore soil fertility. Improvement
of soil productivity in degraded soils therefore
not only requires the application of chemical
fertilizers but also strategies that, for instance,
integrate legume cover crops into cropping sys-
tems (Nyawade et al. 2018b; Nyawade 2015).

Conservation Tillage

Proper tillage systems which cause minimum
disturbance to the soil and have the ability to
increase soil water content are essential for
effective SWC. Such systems include conserva-
tion tillage (zero and minimum tillage), contour
tillage, contour ridging, and ripping. The concept
of conservation tillage, though not new, is
gaining popularity in East Africa for sustainable
crop production, especially in dry areas. After
several decades of SWC efforts in Africa,
conservation tillage has been recognized as the
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missing link between biological methods of agro-
forestry, farm inputs, and mechanical approaches
such as terracing. The method aims at reducing
labor in land preparation through tillage systems
that promote soil fertility and soil water conserva-
tion. Conventionally, tillage is conducted to pre-
pare a seed bed and also to control weeds.
However, conventional tillage has been found to
destroy the structure of the soil and cause com-
paction. This has negative effects on soil aeration,
root development, and water infiltration, among
other factors. More important, but less noticeable,
is the destruction of soil microbiology by distur-
bance and turning over of soil, which is then
exposed to drastic atmospheric and climatic con-
ditions. Conservation tillage, therefore, takes care
of this by applying four main principles: (1) zero
or minimum soil turning, (2) permanent soil cover
(3), stubble mulch tillage, and (4) crop selection
and rotations. An important aspect of conserva-
tion tillage practice involves ripping the land with
tined implements or subsoiling the land immedi-
ately after crops are harvested, to break the plow
pans. Suitable equipment includes animal-drawn
subsoilers, rippers, “ridgers,” planters, and
weeders.

Grass Strips and Vegetative Buffers

Grass strips are the least costly and least labor-
demanding soil conservation structures. They
combine characteristics of both biological and
structural measures. Grass strips are a popular
and easy way to terrace land, especially in areas
with relatively good rainfall where grass is used
also as fodder. The grass is planted in dense strips,
about 0.5-1 m wide, along the contour, at inter-
vals equivalent to calculated terrace spacing.
These lines create barriers that minimize soil ero-
sion and runoff through a filtering process. Silt
builds up in front of the strip, and with time,
benches are formed. The spacing of the strips
depends on the slope of the land. On gentle slop-
ing land, the strips are made with a wide spacing
(20-30 m), while on steep land, the spacing is
about 10—-15 m. The grass needs to be trimmed
regularly to prevent spreading to the cropped area.
The grass is cut and normally used as livestock
fodder or as mulch. Many grass varieties are used,

such as napier, guinea, and guatemala grass.
The main drawback with grass strips is that they
harbor rodents, and in dry areas, they may not
survive the dry spells.

Organic Matter and Fertilizer Management
Adding manure and fertilizers to the soil supplies
the plant nutrient for vigorous crop growth. The
elevated nutrient levels boost crop growth, thus
covering the ground quickly, protecting it from
erosion, and allowing water to seep in.

Contour Farming and Contour Bands

Contour farming entails preparing the land, plant-
ing, and weeding across the slope. It slows
down runoff, thus giving the water time to infil-
trate into the soil. Experiments show that contour
farming alone can reduce soil erosion by as much
as 50% on moderate slopes. For slopes steeper
than 10%, a combination of measures should be
recommended. Trash lines made by laying crop
residues along contour slow down runoff and trap
eroded sediment. However, these structures can
be destroyed by termites. Grass barrier strips
planted along the contour are effective soil con-
servation measures on soils that absorb water
quickly and on slopes as steep as 30%. The effec-
tiveness of contour farming in water and soil
conservation depends not only on the design
of the system but also on the soil, climate, slope
aspect, and land use. The beneficial effect is least
marked on compact or slowly permeable soils
because these soils become saturated quickly
compared to highly permeable soil. Contour
bunds have shown great potential to reduce runoff
and soil loss in Southern Africa (Thierfelder and
Wall 2009).

Contour bunds are soil conservation structures
that involve construction of an earthen bund by
excavating a channel and creating a small ridge on
the downhill side. The difference from earthen
bunds is in the fact that contour bunds are used
for draining excess runoff from steep cultivated
slopes, while earthen bunds are used for runoff
harvesting usually on relatively less steep lands.
Thus contour bunds resemble narrow channel ter-
races which in Kenya are referred to as fanya chini
terraces. Contour bunds are used for prevention of



flooding and are popular in the highland areas of
Ethiopia. Contour ridges have received applica-
tion in semiarid areas to harvest water and in
higher rainfall areas for growing potatoes.

Agroforestry

Agroforestry practices combine the use of agricul-
tural crops and/or animals with trees/shrubs
on the same land (Kinama et al. 2007). In East
Africa, two agroforestry technologies are com-
monly practiced: improved/managed fallow and
hedgerow intercropping (alley cropping) with
the aim to improve soil fertility and crop produc-
tion (Sjogren 2015). Under improved fallows,
fast-growing trees which are usually legumes are
planted in a crop-fallow rotation (Sanchez 1999).
Hedgerow intercropping is where rows of trees
are combined with rows of agricultural crops.
The major species that have been found to be
suitable are Leucaena leucocephala, Sesbania
sesban (L.), Gliricidia sepium, Tephrosia vogelii,
and Cajanus cajan (L.). Most of the positive
impacts of trees with regard to soil improvement
have a direct link to soil moisture retention.
A meta-analysis of maize yield response to
woody and herbaceous legumes in Malawi,
Zimbabwe, Zambia, Kenya, and Tanzania
showed that improved fallows with Sesbania
seshan increased maize yields by approximately
30-50% as compared to continuous maize
cropping for 1-3 seasons after the fallow (Sileshi
et al. 2008). Trees cushion the impact of raindrops
on the soil, so reducing the amount of rain
splash erosion. When planted along contours,
trees can interrupt the flow of water running
off the surface. Trees shade the soil, reducing
soil temperature and cutting the amount of water
that evaporates into the air. Trees break the wind,
reducing the amount of wind erosion.

Structural Measures of Soil and Water
Conservation

Structural measures of SWC in croplands
often aim at changing the slope profile and are
primarily constructed to control runoff and soil
erosion. Their construction usually involves

Soil and Water Conservation: An Overview

earth movements and requires substantial initial
inputs of labor or money. These structures are
often located along the contour and in marginal
rainfall areas where rainfall needs to be conserved
on-site. The appropriate type of physical structure
depends on climate and need to retain or discard
the runoff, farm sizes, soil characteristics (texture,
drainage, and depth), availability of an outlet or
waterway, labor availability and cost, and the ade-
quacy of existing agronomic of vegetative conser-
vation measures.

Diversion Ditches

Diversion ditches are surface drainage structures
constructed across the field to intercept and
divert surface runoff from the slope above and
drain it to a safe outlet. They are used to protect
cultivated lands, collect water for ponds or
other storage schemes, and control development
of gully heads. They are referred to as cutoff
drains when constructed at the boundary between
cropland and the adjacent non-arable land.
Channel may either be grass lined or earth lined.
Grass-lined channel is more stable and is suitable
for broad shallow channels, while narrow and
deep channels are often earth lined. Short ditches
(< 250 m long) are suitable in areas with
highly erodible soils. On stable soils like red
clay loams, the length of the channel should not
be more than 500 m.

Infiltration Ditches

These are used to harvest water from roads
or other sources of runoff. They consist of a
ditch, 0.7-1.5 m deep, dug along the contour,
upslope from a crop field. Water is diverted from
the roadside into the ditch which is closed at the
other end.

Water Retention Pits

These are series of pits that trap runoff and allow
it to seep into the soil. The size of the pits depends
on the projected amount of runoff. A typical size
is 2 m” and 1 m deep. Vegetation such as bananas
and tree crops should be planted around the pits
and kept from children and livestock.
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Waterways

These structures divert runoff safely from
hillslopes to valley bottoms where it joins a stream
or river. It may be natural or artificially made and
well stabilized with grass, stone, masonry, or con-
crete. Reinforced concrete waterways are more
efficient but have not been widely adopted by
smallholder farmers due to their high cost. Creep-
ing grasses such as signal grass (Brachiaria
humidicola) and bahia grass (Paspalum notatum)
are suitable for lining waterways as they cover the
ground closely and require little maintenance.
Generally, grass species that are weedy and those
that can block the waterways and divert runoff
should be avoided.

Terraces

Terracing by excavating ditches, construction of
earth and some stone bunds, and vegetative bar-
riers are normally defined as SWC structures and
are primarily promoted to reduce soil erosion.
On sloping lands, terracing is necessary for reduc-
ing overland flow rates, thereby contributing to
water and nutrient conservation. Although terrac-
ing steep lands especially in the Eastern African
region has been an indigenous technology
among some communities, new methods have
been evolving over the years as the need to be
innovative with ever-decreasing space for cultiva-
tion grows with the population, especially in the
densely populated and erosion-prone highlands.
Therefore simply put, terraces are earth embank-
ments built across a slope to intercept runoff
water, reduce soil erosion, and increase in situ
water infiltration. Level terraces can reduce runoff
by 92% and soil loss by 87-95%, while graded
terraces can reduce runoff by 77-92% and soil
loss by 98%. Terraces can be designed to channel
excess water into waterways or stable outlet.
In East and Central Africa, three main types of
terraces are used on croplands: bench terraces,
fanya juu terraces, and channel terraces. Fanya
Jjuu terrace is made by digging a trench and throw-
ing the soil upslope to form an embankment along
a contour, while in fanya-chini, the soil is
thrown downslope. Terraces are stabilized with

the non-weedy grass species. In humid and sub-
humid areas, farmers prefer fodder grasses like
napier grass for stabilization (Plate 3).

Planning and Layout of Structural Soil and Water
Conservation Measures

The main considerations when laying out terraces
are indicated in Box 1. The first step to planning
the structural soil and water conservation mea-
sures entails assessment of soil textural class
(Hurni et al., 2016). Clay soils generally require
graded structures with waterways constructed to
get rid of excess runoff. Due to their good infiltra-
tion, sandy to silty soils generally need level
structures with no waterways. However, with
level structures, a cutoff drain is needed to remove
the excess runoff. The second step in planning is
to measure the slope gradient on the cultivated
land that need to be conserved. For slopes with
gradients less than 15% and of sandy to silty
texture, grass strip is adequate. Such structures
should be laid at a vertical interval of I m. On a
15% sloping clay soil, broad bed and furrow sys-
tem should be recommended. For slopes between
15% and 50%, only contour structures should be
constructed at a vertical interval of 2.5 m. Land
with a slope gradient above 50% should be
changed into grassland or forestland. Revegeta-
tion should be ensured on all structures.

Box 1: Considerations for Laying out Terraces
The main considerations when planning
and laying SWC structures are the percent
slope of the land (%S); the vertical interval
(VI), defined as the difference in height
between two terraces expressed in feet or
meters; and the horizontal interval (HI) —
the equivalent of surface distance between
two terrace lines measured in feet or meters.

VI (m) = [(%S +j) X 0.3}

The VI is converted to the horizontal

VI x 100
%Slope

interval using the formula: HI = [
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Gully Control, Roads, and Riverbank
Protection

Gully Control

Gully erosion is geographically a widespread
problem and is the worst stage of soil erosion
(Xin et al. 2010; Klaus et al. 2014; Duvert et al.
2010) (Plate 4). Due to the high costs associated
with gully rehabilitation, most gully control activ-
ities have in the past been implemented by the
government or with external assistance. More-
over, most gullies lie on public land, e.g., grazing
lands, footpaths, and farm boundaries. As such,
the responsibility for their rehabilitation is usually
beyond the scope of the individual. Gully can also
originate from any depression such as cattle trails,
footpaths, cart tracks, and traditional furrows and
indicate neglect of land over long period of time.
Gully control measures should be based on a clear
understanding of the causes of gulling, the pro-
cesses involved, and the stage of development.
If a gully has reached bedrock and is stabilizing
naturally, control measures may not be necessary,
but possibility of reclaiming the gully for produc-
tive use should be investigated. The control of

a large gully is costly and may only be justified
on economic ground if it can be developed for
productive purposes such as fuel-wood, fodder,
bananas, or water storage.

The need for permanent or temporary struc-
tures for gully control and rehabilitation depends
on an estimate of the size of catchment and
expected discharge. Check dams for stabilizing
gully floors should be keyed into the gully side-
walls and have a central spillway of sufficient size
to take the expected discharge and a stone apron to
absorb the energy of water discharged through the
spillway. The spacing of check dams should be
close enough so that deposition of sediments will
level the ground in between. Runoff from roads is
a major cause of gullying. The damage can be
minimized by correct alignment of roads, divert-
ing runoff for productive purposes, and disposing
of the excess runoff through properly designed
drains and waterways. When gully rehabilitation
is planned, it will be important to consider the
priority areas, its purpose, and the required
amount and type of physical and biological struc-
tures to be used.
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Soil and Water
Conservation: An
Overview, Plate 4 Poorly
laid out gabions: if not well
designed, gully control
measures can lead to even
more severe problem

Gully Stabilization

Consideration should be given to ways of stabi-
lizing the gully head, floor, and sidewalls. The
gully head is often the most difficult to deal
with, especially if it is more than 2 m high because
of the erosive power of falling water. Control
structures for large gullies require an engineering
design and are expensive. If the stabilization of
gully head appears too costly or difficult, there are
two approaches: first is to divert runoff away from
the gully head so that it ceases to erode, and the
second is to place a check dam close enough to
the gully head so that it will trap sediment,
raise the floor level, and submerge the head
(Felfoul et al. 2003). The use of stepped gabions
(rectangular boxes of varying sizes mostly made
of galvanized steel wire woven into mesh and that
are filled with either stones and placed as building
blocks), brushwood carpet, sandbag, grass sods,
and check dams are alternative measures which
can be used for gully head treatment. In particular,
check dams are constructed across the gully bed
to stop channel/bed erosion. By reducing the orig-
inal gradient of the gully channel, check dams
diminish the velocity and erosive power of runoff
flow, thus in most cases allowing vegetation an
opportunity to establish.

Gully Utilization and Maintenance
Maintenance of gully control structures is a very
important point worth to be emphasized. Treated
gullies should be checked regularly and the
healing process monitored closely. Structures
built in the gully for stabilization purpose should
be observed for damage especially during rainy
seasons and after heavy storms. The use of gully
will depend on whether it has been established to a
protected waterway or the water has been diverted
and the gully stabilized for other uses (Wan and
Yang 2007). Under condition when the water is
discharged through the gully after the necessary
stabilization activities have been undertaken, the
side of the gully can be used for growing grass or
fodder. But in conditions when the gully is not
used as a waterway, it can be used for growing
horticultural crops or plants such as banana or
other fruit trees.

Roads and Riverbank Protection

Road construction through steep lands without
adequate provision for drainage systems is a
major cause of gully erosion. For instance, studies
in Kiambu District of Kenya (Mati 1984) showed
that over 50% of the gullies emanate from road
drainage. Thus in the early 1990s, soil
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conservation activities were introduced into road
rehabilitation projects to protect land from dam-
age caused by road drains (Mati 1992). However,
even then, the main aim was to drain away surface
runoff which was seen as a destructive problem.
These perceptions were later changed in the early
2000s to embrace the concept of water harvesting,
even from gullies, for productive purposes. Inad-
equate drainage systems for roads (small number
of culverts, insufficient capacity of road ditches,
etc.) are a major cause of gullying. If road cuts and
fill slopes are not revegetated during or immedi-
ately following road construction, gullies may
form. Although the road-caused erosion may
occur anywhere in the world, the problem is par-
ticularly severe in developing countries due to
neglect in maintenance and the lack of provision
of safe outlets for excess runoff.

Stream bank erosion is the scouring of soil
material from the stream bed and cutting of
the stream banks by the force of running water.
Stream bank erosion is often increased by
the removal of vegetation, overgrazing, or tillage
near the banks. Scouring is influenced by the
velocity and direction of the flow; depth, width,
and alignment of the stream; and soil texture.
In order to control erosion of riverbanks, it is
necessary to determine the area that is likely to
be flooded and the potential area for erosion.
Steep banks will be eroded and, if cultivated,
should be kept under natural vegetation or planted
with fodder grasses. Flat valley bottoms are often
areas of deposition, and if flood waters are shal-
low and slow moving, they may be safely used for
crops such as bananas.

Conservation of Grazing Land

General Principles

The main factors influencing erosion on grazed
lands are type of grazing systems, stocking rate,
forage type and growth patterns, and soil charac-
teristics. Overgrazing leaves little vegetative
cover to protect the soil from erosion, while
heavy animal traffic can compound the problem
by compacting the soil. Rotational grazing sys-
tems may prevent overgrazing and leave vegeta-
tion intact better than continuous grazing systems.

Soil and Water Conservation: An Overview

Sustainable conservation of grazing land should
be built on the recognition that these
lands, besides their role in providing improved
livestock feed and water, are a major source of
watershed filtration, groundwater recharge, and
carbon sequestration. Conservation of grazing
lands should be based on effective monitoring
of frequency of grazing, intensity and timing
of grazing, duration of grazing, and need for
reseeding.

Effect of Land Tenure on Conservation of
Grazing Land

Overgrazing without effective SWC measures
contributes to increased soil erosion, and in
certain cases, land may be so badly degraded
that it is abandoned by farmers. This is especially
common in communal lands perceived to be
the land of commons. In a study conducted in
Ambhara region of Ethiopia, more than 50% of
the respondents felt insecure in lands they pos-
sessed without title deeds (Kahsay 2011). As a
result, they were reluctant to adopt SWC measures
despite their awareness on land degradation prob-
lem. In Kenya (Kisii, Vihiga, and larger part
of central Kenya highlands), land tenure problems
are more common in continuously fragmented
lands, resulting in low adoption of soil conserva-
tion techniques. In Western Uganda, farmers
adopted the use of structural soil and water con-
servation measures only after land registration
program. The results are also consistent with
the finding by Muchomba (2017), who indicated
that “renting out land is common among elderly
and female-headed households who lack labor
power.” Such lands if rented out lack the primary
care and are often overgrazed. Customary land
tenure systems contribute to land degradation as
they are weak in collective management of com-
mon resources.

Water Conservation on Grazing Land

In most countries, hardly any priority is given to
SWC practices in grazing lands. Concentrated
grazing around the watering point leads to exces-
sive trampling which causes soil compaction and
increased prevalent to soil erosion. Jawuoro et al.
(2017) thus recommended that watering points
should be increased in communal grazing lands
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to reduce animal trampling effect. Range
reseeding as a strategy to rehabilitate the degraded
rangelands has also been proposed (Jawuoro
et al. 2017). According to the survey conducted
by Violet et al. (2011), fanya juu and fanya chini
terraces are gaining popularity in Kenya and
have a great potential to reclaim the degraded
lands. Weimer (1980) demonstrated the suitability
of C. gayana grass strip as a cost-effective soil
erosion control measure in grazing lands.

Water Harvesting Systems

The line between SWC and rainwater harvesting
(RWH) technologies for crop production is very
thin. SWC can be described as activities that
reduce water losses by runoff and evaporation
while maximizing in soil moisture storage for
crop production, but the same could be said of
RWH. The two are differentiated by the fact that
under soil and water conservation, rainwater is
conserved in situ (Box 2) wherever it falls,
whereas under water harvesting, a deliberate
effort is made to transfer runoff water from
a “catchment” to the desired area or storage struc-
ture. The important thing is that both systems
complement each other, and under rain-fed
agriculture in dry areas, both are necessary nearly
all the time. A lot of rainwater is lost as it falls and
runs off especially in the arid and semiarid lands
without any attempt to collect it. This water can
be harvested and stored for later use when it is
needed. Simple runoff water harvesting systems
can be established from water pan, a pond
400-1000 m> dug in the ground to collect runoff
from fields. A rock catchment is another water
harvesting technique which has hardly been
explored in sub-Saharan Africa. These catch-
ments can be constructed wherever there are
large rock outcrops that catch the rainwater
enabling it to freely flow.

Box 2: Rainwater Harvesting Technologies

RWH technologies can be divided into two
main types depending on the source of
water collected. In situ rainwater harvesting
are soil management strategies that enhance

(continued)

Box 2: (continued)

rainfall infiltration and reduce surface run-
off and include terracing, pitting, or conser-
vation tillage practices. The in situ systems
have a relatively small rainwater harvesting
catchment typically not greater than 5—-10 m
from point of water infiltration into the soil.
The rainwater capture area is within the
field where the crop is grown, and the soil
serves as capture and storage medium at the
same time.

Ex situ technologies are defined as rain-
water harvesting systems that have rainwa-
ter harvesting capture areas external to the
point of water storage where runoff on land
such as grazing land or uncultivated land is
collected and directed into the cultivated
area by small canals or to a storage con-
struction so that the water can be used
later. The rainwater capture area varies
from being a natural soil surface with a
limited infiltration capacity to an artificial
surface with low or no infiltration capacity.
Commonly used impermeable surfaces are
rooftops that can provide the platform to
collect substantial amounts of water for
crop production.

Agronomic Aspects of Water Harvesting
Rainwater harvesting techniques have been pro-
posed to increase water supply for crop produc-
tion in what is referred to as runoff farming. These
techniques can be designed to control the devel-
opment of surface runoff from a large watershed
and divert it into a smaller lower-lying runoff
receiving area also referred to as cultivated area.
It thus makes it possible to divert the runoff water
to be used for agricultural production in areas that
normally do not receive sufficient rainfall. The
more common methods of RWH include level
contour bunds, grass strips, cutoff drains, hill ter-
racing and graded bench terraces, vegetative bar-
riers, conservation tillage, runoff harvesting, and
innovative technologies that trap and retain soil,
improve its fertility, or facilitate soil moisture
conservation and storage.
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Socioeconomic Factors in Water Harvesting
Low adoption rates of water harvesting systems
in Africa have partly been attributed to the socio-
economic factors. Changing land ownership from
customary to private tenure systems has led to
the shifts in land use from forestland to cropland,
thus destroying the water catchment systems.
Households with low market access have been
shown to exhibit low adoption of rainwater
harvesting techniques in Ethiopia, Kenya, and
Tanzania (Nkonya 2002). NEMA (2000) reported
access to credit facilities as a necessity for effec-
tive rainwater harvesting as poor farmers have
little income to invest in non-food projects.
To counter the high investment costs and initial
negative returns which were found to be the main
hindrances to adoption and maintenance of SWC
measures by smallholder farmers, there was need
to gradually invest in SWC measures and the
introduction of high value crops that would give
better returns to investment in a shorter period.
The promotion of dairy cattle under zero-grazing
system was floated as an option to increase the
adoption of SWC. Apart from improving yields,
the implementation and maintenance of SWC
measures in the long run will have economic,
ecological, and social benefits.

Extension of Soil and Water
Conservation

Common Approaches to Soil and Water
Conservation Extension

The most common SWC approach is the
Catchment Approach (1988—-1998): This strategy
addresses SWC measures in clearly delineated
catchments. The benefits are viewed in terms
of high visibility of conservation efforts, continu-
ous treatment of farms, safe conveyance of excess
runoff in the high rainfall areas, water harvesting
in the arid and semiarid lands, and development
of a cadre of highly specialized staff (Maeda et al.
2010). The approach is more demand driven and
holistic in all technical areas.
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Participatory Methods of Extension
Development of participatory methodologies in
research, extension, and training has enabled
faster outscaling of successful SWC interventions
(Udayakumara et al. 2010). Appropriate exten-
sion tools have been developed that allow
farmer participation in research and development.
However, these success cases are few calling
upon the need to have continuous collation of
information and building on knowledge gained
from the successful practices so as to reach as
many farmers as possible.

Legislation for Soil and Water
Conservation

The 68th UN General Assembly had declared
2015 as the International Year of Soil. The
aim was to raise awareness on the importance of
soils for food security and essential ecosystem
functions. In addition, the Business Principles
for Sustainable Soil Management (“Soil
Principles”) are being developed by the UNGC
Food and Agriculture Business Principles (FAB
Principles) to create awareness of the need to
protect the soils through enlightened programs
and policy and to support and strengthen the
existing policies and policy frameworks on soil
conservation. These “Soil Principles” will offer a
reference point when considering measures to
intensify agriculture or conserve ecosystems.
One of the draft principles is to encourage the
active participation of government and policy
makers in the management of soils. In addition,
the Sustainable Developments Goals (SDGs) by
the United Nations provide an opportunity
to elaborate the Soil Principles and place them
within the greater framework of a post-2015
SDGs agenda. Countries therefore need to take
advantage of this global mobilization to advocate
for the sustainable management of agricultural
soils as part of the post-2015 development
agenda.

An unfavorable policy and legal environment
in the area of SWC, under which farmers and
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other stakeholders operate, has exacerbated the
problem of declining land productivity and land
degradation (Mariara et al. 2010). In most coun-
tries, there are hardly any formal institutional
arrangements between different institutions on
matters relating to soil as a resource leading to
lack of coordination in problem identification for
investment programs and delivery of services.
The policy and legal provisions relating directly
or indirectly to SWC are thus scattered in a num-
ber of policies and statutes. This is due to the fact
that there are many players dealing in land
resource issues. In particular, the main players in
soil management arena in such countries include
agricultural sector ministries, departments and
agencies, as well as private sector, teaching insti-
tutions, and farmer organizations.

For most countries, existing statutes are not
adequately enforced to address issues of SWC
particularly on cultivated slopes, along river-
banks, around water bodies, and catchment
areas. With regard to the conservation of river-
banks, water bodies, and catchment areas,
researchers and extension agents have recognized
poor land use practices and riverbank cultivation
as some of the key factors that have resulted
in increased runoff, soil erosion, and siltation of
dams and other water reservoirs. However, other
countries such as New Zealand (New Zealand
Government 2018) have well published acts that
make provision for the conservation of soil
resources and for the provision of damage caused
by soil erosion.
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