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Preface 
 
This manual is divided into three sections. The first section gives an overview of Belize 
particularly related to the soils, topography and resulting propensity to soil water erosion. The 
second section deals with the theoretical aspects of soil conservation and slope management in 
agriculture, while the third section addresses some of the practical exercises of relevance to soil 
erosion control to be practiced in the relevant districts of Belize. 
 
The overall manual is intended to provide a guide to the technical officers in the Ministry of 
Agriculture on the topic of soil degradation and conservation. Certain aspects, particularly the 
discussion on soil water erosion in Belize and the practical exercises in the third section are 
intended as the core of the training for the farming community.  
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Introduction 
 
The United Nations Development Programme (UNDP) projects on Sustainable Land 
Management (SLM) and Agricultural Enterprise Development (AED) being executed in Belize, 
in collaboration with the Caribbean Agricultural Research and Development Institute (CARDI) 
Belize Unit requested Technical Assistance in soil conservation and slope management. The 
CARDI Natural Resources Management (NRM) Specialist was therefore requested to visit 
Belize to identify the problem re. Soil conservation and slope cultivation by making appropriate 
site visits to fields, meeting with farmers and other interested parties, making recommendations 
on areas of interventions including developing on-farm demonstration and conducting training 
on "Introduction to Soil Conservation and Slope Management." A second visit was also planned 
and on this visit the NRM specialist was requested to carrying out more in-depth training to 
extension personnel and farmers on soil conservation and slope management in Belize. In order 
for him to carry out the second mission, this manual is being prepared on Soil Conservation and 
Slope Cultivation to facilitate the training. 
  
 
Overview of Belize 
 
General 
 
Belize is a country in Central America, formerly called British Honduras. It faces the Caribbean 
Sea and is bordered by Mexico and Guatemala. Its area is 22,965 km2 (8,867 square miles). 
Flat, swampy lowlands cover much of northern Belize. In the south a narrow coastal plain gives 
way inland to the Maya Mountains, forested uplands that reach 1,122 m (3,681 feet) at Victoria 
Peak (Figure 1). Major rivers are the Belize, Hondo, and New. A barrier reef, sandy beaches, and 
shallow lagoons fringe the coast. The climate is tropical. Along the coast temperatures average 
between 24° and 29°C (75° and 85° F) the year round. Annual rainfall increases from 1,270 mm 
(50 inches) in the north to more than 4,060 mm (160 inches) in the south. Hurricanes sometimes 
strike the coast. 
 
Agriculture is an important part of the economy, sugarcane, citrus, and bananas being the 
principal export crops while corn and rice are the major domestic foods crops. Logging, which 
had traditionally been quite prominent in the economy, has declined since the 1950's but is still 
important. Other economic activities include fishing and manufacturing, which is largely limited 
to the processing of agricultural and forest products and the making of clothing. Most of the 
clothing is made for export from imported materials. Rivers, coastal waterways, and roads 
provide the chief transportation routes. The nation's main port and an international airport are in 
Belize City. 



2 

 
Figure 1: Topographic map of Belize 
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Soil of Belize 

The soils of Belize can be grouped into nine categories as listed in Table 1. These correspond 
roughly with land regions or important groups of land systems as described in the land resource 
assessments (King et al., 1986, 1989, 1992). This generalized division describes the main soils in 
physiographic groups. The classification of these soils to the Series level is also available, but is 
not necessary for the purposes of this manual.  
 
 
Table 1:  The main soil types of Belize 
 
Soil category Soil type/Group 

1 Soils of the Maya Mountains 
- Soils of the Mountain Pine Plateau 
- Soils of the rugged land systems 

2 Clays of the limestone uplands and foothills 
3 Grey and brown soils of the Toledo Beds 
4 Pine ridge soils of the coastal plain 
5 Dark limestone clays of the Northern coastal plain 
6 Reddish limestone clays of the Northern coastal plain 
7 Swamp soils 
8 Young soils on river alluvium 
9 Young coastal soils 

 

Land classes 
 

The country’s land has been categorized into five agricultural land classes, ranging from Class 1 
to Class 5. In general, the soils of these Classes present moderate to severe limitations for 
agriculture, including drainage, shallowness, low fertility and lack of moisture in the dry season. 
It is estimated that 16% of Belize’s land has the capability for mechanized agriculture without 
large financial and technological investment: 4% is Class l land, which is suitable for most crops 
and has a high income potential. Much of this land is already under cultivation, mainly with 
citrus and bananas.  
 
Twelve percent (2,790 km2) belongs to Class 2 and they have good financial potential from 
agricultural activities, the areas in this Class include a large proportion of the northern coastal 
plain and areas under sugarcane in the Corozal and Orange Walk districts. 
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Table 2:  Recommended land use in Belize 
 

Land category Land 
class 

Area (km2) % of 
total 

Recommended land use 

High income potential 1 990 4 Agriculture 
Good financial success 2 2,790 12 Agriculture 
Success subject to 
skilled management 

3 4,480 20 Forestry/Agriculture 

Marginal 4 4,470 20 Forestry/Protection 
Mostly steep land 5 10,000 44 Protection 
 
Class 3 land comprises 20% (4,480km2) of the area. This could be successfully used for 
agriculture but subject to skilled management and much financial investment. However, it is 
recommended that this land be left under forests. Another one-fifth (4,670 km2) has marginal 
capability (Class 4), and this should be left under forest also or as protected areas. The remainder 
is considered very marginal (Class 5), and it comprises 44% (10,040 km2) of the land area. The 
areas in this category include the steep slopes of the Maya Mountains and areas with limestone 
karst. Of these Classes, it is recommended that those in the first and second (10% of the area) 
have good characteristics for cultivating food and cash crops; Class 3 be used for small holder 
development, Class 4 for forest and plantation crops and Class 5 be left under forest. 
 
A study1

 

 on land degradation in Belize indicated that in 2004, approximately 405 km2 of Classes 
4 and 5 lands were under cultivation. The study also indicated that an area of over 1600 km2 
which combined steep slopes with high rainfall was under cultivation. This represented 
approximately 38% of the land been used for agricultural purposes. The implication is that about 
38% of the land under cultivation is prone to erosion. There is therefore a great need for the 
practice of appropriate soil conservation practices on this area. 

 
Soil Erosion in Belize 
 

Steep slopes and high rainfall conditions particularly in southern Belize predispose the soils to 
erosion in the absence of structured management. In addition, the farmers utilize a traditional 
system of slash and burn of their ancestors.  This process involves clearing forest trees to plant 
crops, which leaves little vegetation to impede and absorb surface water from rainfall. Thus, 
topsoil is removed and stream sediment load is increased. The topsoil is quickly depleted, forcing 
the farmers to move on to another area, where the same practices are repeated with similar 
results. Although the farmers will return to the original piece of land after a period of fallow, the 
fallow period is not long enough to fully rehabilitate the soil and so the period of cropping 
becomes shorter and shorter.  

                                                           
1 Reported in the UNDP sponsored “Mainstreaming and Capacity Building for Sustainable Land 
Management” Project Document 
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In the Stann Creek district this practice was seen and is indicated in Plates 1-4 below. Cohune 
forests are cleared and planted initially with corn. The soil is initially well structured, its black 
colour indicating high levels of organic matter. 
 

  
Plate 1: Standing Cohune forest in Stann 
Creek District. 

Plate 2: Cleared Cohune forest in Stann Creek 
District. 
 

  
Plate 3: Cleared area planted with corn Plate 4: Topsoil in a recently cleared area 

 
In the Toledo district the system is essentially the same (Plates 5-7), but with the steeper slopes 
and higher rainfall the risk of erosion is even higher. Here, areas of secondary forests were also 
seen. These are cleared and the trash burnt before the planting of corn. The burning of the trash 
exposes the soil to the direct impact of raindrops and could be avoided if burning was not 
practiced. Sheet erosion was also evident from the high number of exposed rocks at the top of the 
hillsides. 
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Plate 5: Plots of Secondary vegetation of wild 
Heliconia (Foreground) Cohune forest and 
corn (Background) 
 

Plate 6: Cleared secondary forest with good 
soil cover 

  
Plate 7: Rock outcropping higher up the hillside an indication of sheet erosion 

 
This problem is accentuated by poor practices of farmers who plant these hillsides. In addition to 
exposing the steep slopes to the direct impact of raindrops on clearing and burning, planting is 
carried out with little attempts at soil preservation (Plates 8-11). Planting is done up and down 
the hillsides, so that the inter-row is left bare providing ideal conditions for rill erosion down the 
hill. There is also no attempt to cover the soil by using mulches or cover crops particularly 
during the inter-crop period. There was some intercropping seen, but unfortunately this was also 
planted down the hill. The use of any form of barriers to slow down or stop the movement of soil 
is also minimal.  
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Plate 8: Pineapple planted down the hill in soil 
totally exposed 
 

Plate 9: Citrus planted down the hill 

  
Plate 10: Pineapple/Teak intercrop planted 
down the hill 

Plate 11: Banana and corn planted down the 
hill 
 

As a general guide for hillside farming, all areas with 44o and above slope should never be 
disturbed. Planting should be carried out along the contour and every attempt should be made to 
provide some soil cover. During the fallow period it is also recommended that some legume 
cover crops be planted. This will provide early soil cover and also better enhance soil fertility 
during the fallow period. Plates 12 and 13 indicate some legumes seen growing in Belize which 
can be utilized as cover crops during the fallow periods. It is suggested that Extension Officers 
carry out an inventory of native legumes in their respective districts ultimately to determine 
suitable species to be used as cover crops in the fallow period. In the absence of soil cover, some 
type of barrier must be provided to stop the movement of soil. Plates 14 and 15 indicate some 
attempts at conservation barriers also seen in Belize. 
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Plate 12: A stand of Arachis spp. in Stan 
Creek suitable for use as a cover crop 

Plate 13: Mucuna spp. in Toledo District, 
suitable for use as a cover crop 
 

  
Plate 14: Remnants of a stone barrier seen 
in the Stan Creek district.= 

Plate 15: A definite attempt to stop soil 
movement using a trash barrier in the 
Toledo district 
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Land Degradation and Conservation 
 

When land is degraded, its productivity is reduced and may continue to decline unless steps are 
taken to restore the lost productivity and prevent further losses. Unchecked land degradation may 
result in an almost total loss of the productive capacity of the land to produce anything of 
economic value. In relation to agriculture, land degradation can be defined as the loss of the 
productive capacity of the land to sustain life. Inherent in the definition is the thought that the 
land may have other beneficial usage, but not in the support of life. There are many components 
of land degradation (Box 1) and it will be useful to look around and see the type of land 
degradation occurring in the particular area under study. 
 

Soil degradation and soil erosion 
 

Soil degradation 
 
Soil degradation as indicated above can be caused by various adverse changes in soil properties. 
This manual is particularly concerned with degradation owing to soil erosion and methods of 
controlling and managing this. One must however be conscious of soil degradation which can be 
due to factors such as the lost of its biological component through soil sterilization and the 
adverse use of soil chemicals, industrial mining and reclamation etc. 
 
 
Soil Erosion 
Soil erosion means the processes by which soil is removed from one place by forces such as 
wind, water, waves, and human activities (construction and farming) and eventually deposited at 
some new place (Choudhury and Jansen 1997). 
 
Soil aggregates can gradually break down into smaller particles. If this happens on sloping land 
these particles may be transported down the slope. The water which runs from a slope during a 
heavy rain is called runoff. Factors which affect soil erosion caused by water are the rainfall 

pattern, slope steepness (gradient), slope 
length, soil type, existing erosion control 
structures, cropping practices and time (see 
Box 2). The stronger the rain and the steeper 
the slope, the more and the faster water 
erosion occurs. 
In contrast to natural erosion which happens 
slowly, human-induced erosion can happen 
fast with large amounts of soil being 
removed. If this happens, it can be a serious 
threat to agricultural production and the 
environment. Erosion always has on-site 
effects, i.e. consequences at the place from 
where the soil is removed and off-site effects, 
i.e. consequences at places which are affected 

BOX 1: Components of Land Degradation 
There are a number of interrelated land degradation 
components all of which may contribute to a decline 
in agricultural production. The most important are: 
• Soil degradation - decline in the productive 
capacity of the soil as a result of soil erosion and 
adverse changes in the hydrological, biological, 
chemical and physical properties of the soil. 
• Vegetation degradation - decline in the quantity 
and/or quality of the natural biomass and decrease 
in the vegetative ground cover. 
• Biodiversity degradation - decline in genetic, 
species and ecosystem diversity (with possible 
extinction of some species of fauna and flora). 
• Water degradation - decline in the quantity and/or 
quality of both surface and ground water resources 
and increased risk of downstream flood damage. 
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by the transport of eroded soil or where the removed soil is deposited. 
 
 
The Economics of Soil Erosion 
 

As the overall effects of erosion are felt on farm by the lost of soil productivity as well as off 
farm when soil sediments enter the water system causing siltation and eventual flooding of 
lowlands. Determining the economic cost of soil erosion is therefore extremely complex and 
involves many different factors. In term of on farm effects, the relationship between soil erosion 
and agricultural productivity relate to the altering of soils properties. Erosion can decrease 
rooting depth, soil fertility, organic matter in the soil and plant-available water reserves (Lal 
1987,). Thus, the exposed soil remaining will be less productive in a physical sense. These 
effects may be cumulative and not observed for a long period of time. Erosion may also affect 
yields by influencing not only the soil’s properties but also the micro-climate, as well as the 
interaction between these two (Lal 1987). 
 

 
While the negative effects of erosion on productivity are well documented, it is their magnitude 
which is of interest from an economic point of view. Unfortunately, quantifying the effects of 
erosion on crop production presents many difficulties. First of all, the extent to which erosion 
affects crop production will vary depending on the type of crop, the type of soil, the micro-
climate, local topography and the management system (Lal, 1987, p.310). Thus, the extent to 
which quantification of the relationship can be transferred between sites may be very limited. 
Secondly, even supposing that collecting vast quantities of location-specific data presented no 
problems, it is still extremely difficult to determine the influence of any single factor on crop 
yields. Any attempt to measure the effect of erosion on yields will be almost impossible to 
control from other effects, such as variations in precipitation. These difficulties are particularly 
acute when one considers that the time frame involved (typically at least a few growing seasons) 
can result in many such uncontrollable variations. Long-term data is essential however, since the 
effects of erosion on productivity will change throughout the soil profile (Stocking 1984).  

BOX 2: Factors affecting soil erosion by water 
• Rainfall pattern: The more rainfall and the higher the “force” of the rain (called the intensity, i.e. the 
amount of rain which falls per minute), the more erosion will occur. 
• Slope steepness: The steeper the field, the higher the erosion risk. 
• Slope length: Erosion increases with slope length. 
• Soil type: Clayey soils show in general more resistance to erosion than sandy soils. 
• Erosion control structures: Well-established and well-maintained erosion control structures can be very 
effective. But when such structures are poorly established or poorly maintained it is possible that they 
accelerate erosion. 
• Cropping practices: Varying cropping practices have different effects on soil erosion. 
• Ground cover: The greater the groundcover the greater protection of the soil surface from the impact of 
rainfall. 
• Time: Soil erosion (as well as soil development) is a function of time. 
(Source: van Keer et al. 1996, modified) 
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Added to the above, it is sometimes suggested that soil that is deposited elsewhere through the 
process of erosion will increase crop production at the site of deposition, hence the loss of 
production in one place may be offset to a greater or lesser extent by an increase in productivity 
elsewhere (Crosson 1983). In particular, there may be less justification for being concerned 
about soil erosion if the eroded soil is deposited on the same farm from which it was eroded. 
However, there are other negative effects arising from soil deposition, such as crop burial, 
waterlogging and lost moisture and nutrients. While even less is known about the deposition-
productivity relationship, there is reason to believe that positive effects arising elsewhere will not 
fully offset the losses occurring at the point of erosion. It is not just the presence of soil which 
affects crop productivity but rather the soil’s characteristics. These characteristics are radically 
altered in the process of erosion, transport and deposition.  
 
For all of these reasons, the direct relationship between soil erosion and crop productivity 
remains largely empirical. This makes it difficult to make definitive statements on the 
economics of erosion and its control. Important, however, is that continued and unchecked 
soil erosion eventually leads to land degradation and loss of economic potential.  
 
 
Soil and Water Conservation 
 
In its narrowest meaning the term soil and water conservation is used for erosion control only. In its 
broader sense it refers to all efforts which are aimed at maintaining long-term soil productivity, i.e. 
using the soil and keeping the soil in a healthy (physical, biological and chemical) condition as well 
as preserving it against deterioration and loss. 
 
Soil and water conservation means using the land within the limits of economic practicability while 
safeguarding it against impoverishment or depletion by erosion, deposition, exhaustion of plant 
nutrients, accumulation of toxic salts, burning, waterlogging, improper cultivation or any other type 
of improper use. In the context of agricultural production, the terms “conservation farming” or 
“good/better land husbandry” are increasingly used as an alternative to soil and water conservation in 
order to show a change in emphasis from merely conserving soil to improving the sustainability and 
productivity of the farming system. 
 
 

Some general principles for soil and water conservation 
 

As our general concern in this manual is soil and water conservation with emphasis on soil water 
erosion control, this section will consider the factors which affect this phenomenon. 
The main factors controlling the working of the soil erosion system are: 
 

1.  The erosivity of the eroding agent 
 Erosivity is a function of the physical characteristics of rainfall. As rainfall intensity 

increases, so in turn does raindrop size (up to certain high intensities), velocity (speed) 
and its resulting kinetic energy. Thus, the higher the rainfall intensity the greater is its 
capacity to cause erosion. There will be considerable variation in total annual rainfall 
between and within different agro-ecological zones from close to zero in desert regions to 
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over 10,000mm in some humid highland tropical areas. In Belize, for example, rainfall in 
the north of the country is about a third of that in the South. 

 
Irrespective of the area, total annual precipitation in the tropics typically comes in the 
form of short duration high intensity rainstorms with maximum intensities associated 
with individual rainfall events. Within the tropics at least some 40% of the annual rainfall 
can be expected to be received at erosive intensities. 
 
Rainfall erosivity is a factor that cannot be modified by man’s actions. Given that rain 
will fall at erosive intensities it has to be regarded as a fixed constraint for integrated soil 
management purposes. The only options open are to reduce its impact by providing 
protective ground cover through appropriate crop management and revegetation 
practices. In an agricultural context the aim should be to ensure the least amount of bare 
soil at the time the most intensive rainfall can be expected. This could be achieved by 
such practices as mulching with crop residues and improved crop husbandry designed to 
provide the maximum crop cover as quickly as possible. 
 
In a reforestation context the aim should be to keep to a minimum the area that has to be 
kept clear to reduce weed competition during tree seedling establishment. Also it is 
important to recognize when promoting tree planting as a conservation measure that it is 
the improved groundcover from litter below the trees rather than the tree canopy itself 
that provides the bulk of the protection against erosion. 
 
 

2.  The erodibility of the soil 
Soil erodibility is a measure of how vulnerable or susceptible the soil is to erosion. This will 
depend on the soil’s structure and structural stability, texture, organic matter content, 
porosity, and permeability. Erodibility is initially an inherent property of the soil, but can 
change as a response to management. A soil’s erodibility can be increased or decreased by 
changes in soil organic matter. Within upland areas, land that has been used for dryland 
annual crops (particularly shifting cultivation) typically has a low soil organic matter content. 
When such conditions are combined with coarse topsoil textures and weak surface structure it 
makes for highly erodible soils. A soil’s erodibility can be reduced by management practices 
designed to raise the organic matter content of the topsoil. 
 

3.  Slope length and steepness of the land 
Slope length and angle in a sense are unalterable, but their values with respect to erosion 
can be modified by conservation measures. Effective slope angle can be altered only by 
terracing. However, the cost of terrace construction and maintenance (especially the 
labour requirement) is high. A shortage of labour can result in low quality terracing 
which may actually increase soil erosion, should runoff concentrate at low points. Also 
crop yields may be reduced if during terrace construction the original topsoil is removed 
or buried and crops end up being planted in less fertile subsoil. 

 
Effective slope length can be reduced by conservation measures of the barrier type. These 
may be physical structures (e.g. earth banks, stone walls, storm drains and cutoff ditches) 
or biological barriers (e.g. grass strips, barrier hedges). When considering the use of 
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barriers for erosion control a distinction should be drawn between impermeable and 
permeable barriers. 
 
- Impermeable barriers are those, such as ditch and bank structures which check all 

runoff, either by diversion or by retaining it in situ until it can infiltrate into the soil.  
- Permeable barriers are those which allow some proportion of runoff to pass through. 

 
Examples of the latter would be contour stone lines, hedges or grass strips. By allowing 
some runoff to flow through them, at a greatly reduced velocity, permeable barriers have 
an automatic safety valve to cope with the occasional storms of very high intensity that 
would overtop and destroy earth banks. Hence contour grass strips and hedgerows may 
be technically suitable alternatives to earth banks in high rainfall areas. Grass strips and 
hedgerows can also contribute directly to on-farm production by providing fodder, green 
manure, fuel and mulch. 
 
In semi arid areas crop production is limited by moisture availability. Production benefits 
may follow the adoption of measures that encourage the conservation and infiltration of 
rainwater, such as the construction of impermeable cross slope barriers, retention ditches, 
level and backward sloping bench terraces. However the risk of mass movement 
increases with increased slope angle, therefore caution should be exhibited in steeply 
sloping areas, when adopting conservation farming practices that increase infiltration and 
reduce runoff. Retaining more water in situ may actually accelerate land degradation by 
mass movement. It therefore must be remembered that not all slopes can be terraced 
safely, the critical factors being soil type and geological structure and stability. Efforts to 
introduce terracing on unsuitable slopes can result in catastrophic landslides and mud 
flows. 
 

4.  The nature of the plant cover  
Ground cover is the factor that has the greatest impact on the rate of erosion by protecting the 
soil surface from the erosive impact of raindrops. It is also easily modified by changes in land 
and crop management practice. Cover may be provided by the leaves and other parts of plants 
growing above the surface (the canopy) or the dead materials deposited on the soil surface 
below the plants (litter). In a natural system the litter would be composed of leaves, stems, 
twigs, branches, seeds, fruits etc. In cropping and agroforestry systems the canopy will be 
provided by the growing crop and the leaves of any woody perennials, while the litter may 
consist of deliberately applied mulch and/or crop residues. 
 
Perennial tree crops with cover crops beneath have the potential to reduce erosion to a 
fraction of its rate on bare soil. Hence when planting perennial tree crops, as an alternative to 
annual crops, consideration should be given to interplanting cover crops. Cover crops should 
not only be conservation effective, but also offer productive benefits. For perennial cover 
crops to be accepted by farmers they must be easily propagated, require little management, be 
shade tolerant (so they will continue to provide surface cover as the tree canopy expands) and 
have some economic value as a food crop, green manure and/or fodder. 
 



14 

The Universal Soil-Loss Equation 
 

In order to understand when and how much erosion is likely to occur, the factors listed above is 
coordinated in such a way as to predict the extent of soil erosion that can occur in an area on an 
annual basis. The Universal Soil-Loss Equation (Wischmeier and Smith, 1962) is the most 
widely used method of predicting soil loss on sloping lands. This equation is given by the 
expression: 
  E = R.K.L.S.C.P., 
 
Where: 

• E is mean annual soil loss (T/AC/YR)  
• R is the rainfall erosivity index 
• K is the soil erodibility index  
• LS are the factors of slope length (L) and slope steepness (S) and are combined in a 

single index 
• C is the crop factor/nature of plant cover  
• P is the conservation practice factor used to manipulate the LS factor 

SOIL AND WATER CONSERVATION 
TECHNOLOGIES 
Soil and water conservation technology is developed 
from an understanding of the components of the 
Universal soil loss equation. If any of the factors 
listed above could be reduced to zero then soil loss 
and erosion will be reduced to zero. These factors 
are managed by soil management practices which 
decrease the effect of the impact of rainfall, increase 
water infiltration, decrease runoff and lessen soil 
movement (see Box 3). 
 
The various factors are also influenced by one or 
more of the following complementary measures: 
 

- agronomic 
- vegetative  
- structural and  
- management  

 
These must be manipulated in the field to ensure a positive contribution to soil and water 
conservation. 
  

BOX 3: Erosion Control 
Direct erosion control involves measures 
which aim at stopping or slowing down 
erosion processes. 
In the case of soil erosion caused by 
water it is based on the following 
principles: 
• protecting the soil surface from the 
forces of raindrops; 
• increasing water infiltration; 
• decreasing the speed (force) of runoff 
water; 
• intercepting the transported soil. 
Indirect erosion control, such as land use 
planning, aims at using land in ways that 
prevent and/or reduce the risk of erosion 
occurring. 
 

 



15 

Agronomic 
 

These are measures undertaken within the cropping area for crop production purposes and 
include practices such as intercropping, contour cultivation, minimum tillage, mulching, 
manuring etc. which: 
 

• are usually associated with annual crops 
• are repeated routinely each season or in a rotational sequence 
• are of short duration and not permanent 
• do not lead to changes in slope profile 
• are not zoned 
• are independent of slope 

 

  
Plate 16: Contour farming on steep hillsides Plate 17: Mulching of soil for erosion control 

on slopes 
 
Vegetative 
 
These measures involve the deliberate planting of trees, shrubs, grasses etc, or retention of areas 
of natural vegetation (eg. reforestation, contour hedgerows, natural vegetative strips) which: 
 

• involve the use of perennial grasses/pasture legumes, shrubs or trees 
• are of long duration 
• often lead to a change in slope profile 
• are often zoned on the contour or at right angles to wind direction 
• are often spaced according to slope 
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Plate 18: Contour hedgerows of Calliandra 
spp. on sloping land 

Plate 19: Hedgerows of vetiver grass on 
sloping lands  

 

Structural 
 

Measures which involve the construction of physical structures (e.g. graded banks or bunds, 
contour stone lines, level bench terraces, artificial waterways and drop structures) which: 
 

• lead to a change in slope profile 
• are of long duration or permanent 
• are carried out primarily to control runoff and erosion 
• require substantial inputs of labour or money when first installed 
• are zoned on the contour 
• are spaced according to slope 

 
NB:  Box 4 lists some of the disadvantages of depending solely on structural methods of soil 
 and water conservation. 

  
Plate 20: Stone barrier for erosion control on 
sloping lands 

Plate 21: A classic terrace for erosion control 
on steep slopes 
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Management  
 
These measures arise from deliberate managerial decisions taken with the intention of protecting 
land from erosion/improving production etc, (e.g., land use changes, area closure, rotational 
grazing) which: 
 

• involve a fundamental change in land use 
• involve no agronomic and structural measures 
• often result in improved vegetative cover 
• often reduce the intensity of use 

 

  
Plate 22: Re-forestation or the planting of 
timber species results in a stable land 
management system 

Plate 23: Pasture is normally a stable system 
of land management provided there is no 
overgrazing 
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Combination 
 
Measures that combine two of more agronomic, vegetative, structural and management measures 
(in conditions where one measure does not work effectively without the other), e.g., structural: 
an outward sloping terrace with vegetative: grass and trees planted on the riser with agronomic: 
crops grown on contour soil ridges 
 
Appropriate soil and water conservation technologies are those which offer for a given 
production situation an optimal solution for using the land for sustainable and productive 
agricultural purposes. Appropriate technologies are not necessarily “simple” technologies. 
However, in the context of many developing countries, the appropriate technologies will be ones 
which are not capital-intensive and which use local resources and the existing labour force in an 
optimal way. It should be emphasized that before introducing a new technology it is necessary to 
check whether local soil and water conservation measures already exist and why and how 
farmers apply these indigenous technologies. If such technologies exist and continue to be 
applied by farmers, then, providing they have not been introduced and maintained by legal force 
and state authority, they can be considered successful and on investigation will be found to 
provide tangible benefits. Understanding the reasons why farmers use such technologies, i.e. the 
production and conservation benefits they get from them, is the key to the successful 
introduction of any “new” technology, which must at least match and preferably improve on the 
benefits to be obtained from the existing ones. 
  

BOX 4: Disadvantages of Erosion structures 
There are disadvantages to relying on structures alone to solve soil degradation problems because: 
• conservation structures have high direct costs (especially labour) for both initial construction and annual 

maintenance; 
• they may involve foregone costs by taking strips of land - the width of the bank, channel and/ or terrace 

riser - out of crop production, without necessarily producing any immediate benefit to compensate for 
the reduction in cropped area; 

• they can counter only the effects of runoff - they have no effect against rainfall itself (raindrop impact); 
• they can prevent gully formation - but have no effect on declining soil fertility as a result of continuous 

cropping in the inter-bank areas. 
 

Conservation structures provide a means of dealing with excess storm runoff, but on their own cannot 
substitute for improved conditions of soil structure and cover in the inter-bank areas. They can be used safely 
and effectively only in support of other improved crop/plant, soil and rainwater management practices. 
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Field Exercises 

1. Field assessment of the type and severity of soil erosion 
 
The type of erosion taking place as well as its severity and status has to be identified in the field 
before remedial actions can be determined and appropriate technologies are selected. The status 
of erosion at a specific site can be classified as to whether it is:  
 

• active (i.e., still taking place) 
• stabilized (i.e. erosion has taken place in the past but is no longer active) 
• partly stabilized (i.e. whereas there are some signs that erosion is still taking place there 

is also evidence that some previously active erosion features are stabilizing) 
 
Procedure 
 

1. After an intense rain shower, walk around your land (fields as well as grazing areas) 
2. Find out where water flows fast and where rills or gullies have developed 
3. As you walk around the land, try to find out where the water comes from.  
4. Then find ways of controlling it right at the source, which may be the neighbour’s farm 
5. Means of control may be some type of physical barrier e.g. a stone or trash barrier 
6. Discuss the problem with your neighbours if water is coming from that source and agree 

on a plan to reduce the flow of water 
7. Explain to them that if the water is trapped on their land it will benefit their crops and 

will prevent further soil erosion down slope 
8. Reach a common understanding has to how the problem can be solved by working 

together 
  
 
Water erosion is the most widespread form of degradation within the tropics and occurs widely 
in all agro-climatic zones. It includes processes such as splash erosion, sheet erosion, rill and 
gully erosion and mass movement. During the field assessment also look for the following forms 
of erosion: 
 
 
Splash Erosion 
 

• When raindrops fall on the ground they have a certain power or energy. The bigger the 
raindrops the more energy they have.  

• During heavy showers the energy is high and the raindrops can even damage the soil 
structure by breaking up clumps or aggregates of soil particles. 

• When soil aggregates break up into smaller pieces, the soil becomes less resistant to 
water moving on the surface, because smaller soil particles are easily dislodged by 
flowing water.  

 
Symptoms to be observed in the field: Poor soil structure at the surface (destroyed soil 
aggregates). Tendency towards surface sealing and crusting. 
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Sheet erosion 
 

• Water that flows on the surface is called run-off 
• When water runs on the surface in a uniform way without flowing into small channels or 

depressions, it is called sheet erosion  
• This can typically be seen when the roots of a tree are becoming exposed and all the soil 

that used to cover the roots is eroded 
 

Symptoms to be observed in the field: After a rainstorm, small heaps of loose soil material can 
be found between fine lines of sand. Severe sheet erosion results in soil profile removal and can 
be identified by uncovered roots of trees. 
 

  
Plate 24: Soil crusting due to the effects of 
raindrop impact 

Plate 25: Sheet erosion down the slope 

 
 
Rill Erosion 
 

• When run-off starts to ‘meet’ in small channels or depressions in the land, it is called rill 
erosion.  

• These channels or depressions are called rills 
• Rills are a sign of serious problems. If you see rills on your land, take immediate action! 
• Water flows fast in rills. Therefore, very soon the rills get deeper, water will flow faster 

and faster, and more and more soil will be stolen from the field 
• During heavy showers even crops may flow away or be seriously damaged 

 
Symptoms to be observed in the field: Rills (not to be confused with furrows caused by tillage 
operations). 
 
 
Gully Erosion 
 

• When rills become very deep, say more than 50 cm, they are called gullies 
• A gully is therefore a place where a lot of rills meet and a deep ‘scar’ is made in the land 
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• When a rill has developed into a gully it is very difficult to reclaim the land, because it 
requires a lot of earth moving work. But it is still possible through a community effort 
where everybody works together 
 
 

Severe Gully Erosion 
 

• Gullies can grow up to hundreds of meters long, more than 30 m wide and over 20 m 
deep 

• They not only take soil, they also take land that used to be fields or grazing areas 
• Gully erosion can be prevented only by controlling the earlier stages of erosion 

 
 

Symptoms to be observed in the field: Gullies may develop from deep rills which act as drainage 
channels or in unstable soil by tunnel formation by undercutting the bank until the overhang 
drops. Gullies progressively widen and deepen. 
 

  
Plate 26: Rills developed after frequent 
erosion events 

Plate 27: Gully erosion which eventual 
develops 

 
 
Mass movement 
 
Mass movement: Soil slippage & slumping 
 

• Mass movement of land as occurs in landslides, soil creep and subsidence, occur from 
time to time on certain Caribbean soil types 

• They usually occur on sloping lands. Although the occurrence may be natural, quite often 
mass movement is triggered by man's acts such as road construction, land clearing, 
improper construction of terraces and related channels as well as improper control and 
disposal of drainage and runoff water from roads, building and farmlands 
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Disastrous soil slippage 
 

• Soil loss by mass movement is usually the most dramatic and receives the most publicity 
due to its mass destruction of farmlands, buildings and other infrastructure.  

 

  
Plate 28: Soil slippage or mass movement of soil on steep hillsides 

 
 
Demonstrating the severity of erosion on the farm 
 
The amount of soil loss from a farm can be determined by de-marking plots along the slope and 
ensuring that the sediment-laden runoff which flows from each plot on the lower side is passed 
into certain devises in order to measure the volume of sediment flux and the amount of soil 
carried with it. Normally these measurements have to be taken after every storm and can be very 
laborious particularly during the rainfall season. 
 
A simpler method to demonstrate soil loss on a farm is the use of a “Jumbie” in the soil which is 
slowly exposed as the soil moves away.  
 

• The “Jumbie” is a straight wooden or metal rod which is driven into the soil to a depth of 
30-60 cm so that it is securely anchored in the soil 

• A small piece of the stake is left above the soil and the tip of this protrusion to the surface 
of the soil is measured and recorded 

• These stakes can be placed evenly down the slope 
• Monthly readings of the protruding tip are made 
• The increasing length of the protruding tip is a demonstration of soil erosion 
• Researchers have calibrated these changes in length with soil loss, 1mm of soil depth 

change measured by the “Jumbie” is equivalent to a loss of 15 ton/ha/yr (Hudson, 1987) 
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2. Making an A-Frame 
 
 
Objective:  To learn how to make an A-frame to be used for pegging 
 
Materials 
 

• Two straight 2” x 1” pieces of wood, each 2 m long 
• One straight 2” x 1” pieces of wood, 1 m long 
• Six  2” screws 
• One  small spirit level 

 
Procedure: 
 

1. Screw the two long 2 m pieces of wood tightly together at the top 
2. Insert the spirit level midway along the length of the 1m piece of wood 
3. Screw the 1 m long piece of wood to one of the 2 m pieces midway along its length 
4. Stretch the short piece of wood across the two pieces of wood to form the shape of the 

letter ‘A’ 
5. Make the A-frame stand upright on a level floor and adjust the cross piece until the spirit 

level is centred 
6. When the level is centred mark the position of the cross piece on the second 2 m piece of 

wood 
7. Screw on 2-inch square of wood below the mark so that the cross piece can rest on it at 

the designated position 
 
 

   
Plate 29: Various views of an A-frame used to peg contour lines on sloping lands 
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3. Pegging with the A-Frame 
 

Objective: To learn to peg level contour lines using an A-frame 
 
Materials 
 

• A-frame, 20 pegs or stones 
 
Procedure 
 
Pegging with an A-frame requires at least two people. 
 

1. Go to the centre of the field and mark it with a peg. Place one leg of the A frame right 
next to the peg 

2. Hold this leg in place while slightly moving the other leg up and down the slope until the 
spirit level is dead centre. Mark this point on the ground with a second peg 

3. Pivot the first leg around while holding the other leg at the second peg. Move the first leg 
slightly up and down the slope until the spirit level is again dead centre. Again, mark this 
point on the ground with a third peg 

4. Continue like this to the field boundary 
5. Return to the centre of the field where the very first peg was placed and move in the 

opposite direction to the other end of the field following steps 2-3 
6. Run lines from the first centre peg to all pegs on both sides of the field 

 
 
Useful tips 
 

• Every time before using the A-frame, check its accuracy on a level floor 
• If it is possible carry out this exercise before any soil disturbance 
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4. Making physical contour barriers with trash/stone 
 
Objective: To construct physical contour barriers with trash/stone 
 
Materials 
 

• Fork 
• Spade 
• Shovel 

 
Procedure 
Having marked out your contour line using an A-Frame: 
 
Trash barriers 
 

1. Collect all dry cut grass, twigs, crop residue etc. From around the farm 
2. Lay this trash along the contour lines in 1m or 2m wide strips 

 
NB: Trash lines can be very effective in low-rainfall areas where the slope gradient is low and 
the land is almost flat. One big advantage is that trash lines can easily be moved if you need to 
change the lay-out of fields or if pegging was not done properly. Compared to the conservation 
works (which require digging) this is a big advantage. 
 
Stone lines  
 
Where there are plenty of stones in the field, they can be moved and arranged in lines along the 
contour. Like trash lines, stone lines are permeable 
 
Procedure 
 

1. Prepare a shallow drain or trench, 10-15 cm deep and about 30-40 cm wide, by digging 
along the contour line. 

2. Place larger stones at the bottom of the trench as a foundation. 
3. Place smaller stones on top to a height of 25-30 cm. 

 
Useful tips 
 

• Killed grass strips along the contour line can be kept and trash added to it 
• Stone lines can be further improved by placing trash or planting grasses just in front of 

the stone line 
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Plate 30: Trash barriers used for erosion 
control on steep slopes 
 

Plate 31: Stone barriers used for erosion 
control 

5. Establishing and Managing a Vetiver Nursery 
 

Vetiver can only be grown from fresh planting material (planting slips). Therefore try to 
establish a Vetiver nursery from where farmers can ‘harvest’ planting slips every year. The 
nursery should therefore be permanent. 
 
Objectives: To study the Vetiver plant, and ensure that farmers have a permanent source of 
planting material 
 
Materials 
 

• Fresh Vetiver planting material 
• Hoe 
• Water 

 
Procedure 
 
The site for the nursery does not need to be fenced, unless there is a lot of livestock around.  
 

1. When planting Vetiver grass, split a larger plant into small planting slips. Then simply 
put the planting piece or planting slip in a small hole in the ground or into small plastic 
bags. Make sure all the roots are covered with soil. Plant the slips with 20-30cm between 
each plant. Water them unless the soil is already moist 

2. During the first weeks, check regularly whether the nursery is OK. The slips should start 
shooting within the first 2-3 weeks. Water if it does not rain 

3. When the grass has grown tall, cut or trim it down to 10 cm. This will increase tillering 
and thus increase production in the nursery 

4. When the time is right for using Vetiver in the fields, uproot as much grass as needed, but 
make sure that enough grass is left behind to re-establish the nursery. By doing so, 
enough planting material will be available for the next planting season 
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Plate 32: Planting Vetiver grass slips into 
plastic bags 

Plate 33: Vetiver grass ready for transplanting into 
the field 
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6. Planting Vetiver contour hedges 
 

Objective: To learn how to use Vetiver grass for soil and water conservation, and learn correct 
planting techniques 
 
Materials 
 

• Vetiver planting material 
• Hoe 

 
Procedure 
First decide where to establish a Vetiver hedge. If it is in a field with a contour ridge, the hedge 
should be established in front of the drain, so that run-off water from the field will meet the 
Vetiver barrier before entering the drain.  
 

1. Plant the Vetiver slips very closely together at 8-10cm spacing (less than one fist). 
2. After 3-4 weeks check the newly established hedge for plants that have not started 

shooting. They should be replaced immediately with new slips from the nursery, because 
a Vetiver hedge must be continuous with no gaps; otherwise it does not work very well. 

3. Three to four years later, the hedge will be big and strong and all the soil trapped by the 
hedge will be forming a strong and permanent terrace of fertile soil. 

4. The terrace is formed by all the soil carried away from the field by run-off water, which 
is now trapped by the Vetiver hedge. 

 
Useful tips 
 

• For checking rills and small gullies, plant small but dense Vetiver hedges across where 
the water flows 

• Try planting fruit trees in front of a Vetiver hedge, the moisture and soil trapped there 
will provide an excellent environment for fruit trees 

 

  
Plate 34: Vetiver grass recently transplanted 
into the field 

Plate 35: Vetiver grass growing along the 
contour 
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APPENDIX 1: Further Information 

Contours 
Contour lines are drawn by joining points of equal elevations on a hillside. The points of equal 
elevation can be obtained by sight or more precisely by various levelling instruments. The most 
popular levelling instrument for determining the contours on hillsides for farming purposes is the 
A-frame (See below). 
 
                                      Contour Line Level 1 
               Contour Line Level 2 
 
 
 
 
 

 
 

 

 

 

Measurement of hillside slopes 
Slopes are expressed in three ways, degree, percentage and ratio: 
 
 
     Slope                  V 
                                                      θ 
 
                                      H    
 
 
V – The vertical displacement 
H - The horizontal displacement 
The degree of slope is the angle θ between the slope and the horizontal plane. 
 
 
The percentage slope is  V X 100 
                H       1 
The slope ratio is expressed as unit of vertical displacement to horizontal displacement  
If V = 1 and H = 10 
Then the percentage slope is 10% while the ratio is 1:10. The degree slope would be that angle θ 
which has a tan = 0.1 
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Descriptive range of percentage slope steepness 
• Level to gently undulating (<5%) 
• Undulating    (5-11%) 
• Rolling    (11-22%) 
• Steep     (22 – 44%) 
• Very Steep    (>44%) 

 
 

 
 Demonstration of contour marking using an A-Frame 

 
 

A- Frame 

Pegs marking 
contour line 

Contour 
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Slope Conversion Table – 1. From Degree to Percent slope 
Degree (°) Percent (%) Degree(°) Percent (%) 

1 1.8 18 32.5 
2 3.5 19 34.4 
3 5.2 20 36.4 
4 7.0 21 38.4 
5 8.6 22 40.4 
6 10.5 23 42.4 
7 12.3 24 44.5 
8 14.1 25 46.6 
9 15.8 26 48.8 
10 17.6 27 50.9 
11 19.4 28 53.2 
12 21.3 29 55.4 
13 23.1 30 57.7 
14 24.9 31 60.0 
15 26.8 40 83.9 
16 28.7 45 100.0 
17 30.6   
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Slope Conversion Table – 2. From Percent to Degree slope 
Percent (%) Degree (°) Percent (%) Degree (°) 

1 0.6 31 17.2 
2 1.2 32 17.7 
3 1.7 33 18.3 
4 2.3 34 18.8 
5 2.9 35 19.3 
6 3.4 36 19.8 
7 4.0 37 20.3 
8 4.6 38 20.8 
9 5.1 39 21.3 
10 5.7 40 21.8 
11 6.3 41 22.3 
12 6.8 42 22.8 
13 7.4 43 23.3 
14 8.0 44 23.7 
15 8.5 45 24.2 
16 9.1 46 24.7 
17 9.7 47 25.2 
18 10.2 48 25.6 
19 10.8 49 26.1 
20 11.3 50 26.6 
21 11.9 51 27.0 
22 12.4 52 27.5 
23 13.0 53 27.9 
24 13.5 54 28.4 
25 14.0 55 28.8 
26 14.6 56 29.2 
27 15.1 57 29.7 
28 15.6 58 30.1 
29 16.2 59 30.5 
30 6. 7 60 31.0 
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