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FOREWORD 
This Soil and Water Conservation Compendium presents an approach for sustainable utilisation and management 
of natural resources. The problems of poverty, land degradation, access to water, food security and human health 
remain a challenge. They are caused mainly by the impacts of many uncoordinated human activities, climate 
change and other natural processes. The mitigation of these problems calls for coordinated programmes and 
activities by the different sectors of government and society. The livelihoods of Basotho in the rural areas depend 
on the land and water resources within the catchment and the Integrated Catchment Management (ICM) 
Programme has been formulated for thus.  ICM is being implemented under the theme ReNOKA, meaning, “we 
are a river”. ReNOKA aims to bring together different stakeholders in the country as custodians of the 
environment to enhance catchment management through the application of harmonised policies and joint 
planning, in order to enhance sustainable development for the country. 

The Compendium is designed to assist natural resource managers, extension officers, and other user groups to 
design management interventions that work for site specific situations. It provides a comprehensive and practical 
collection of various suitable soil and water conservation measures for implementation by communities in the 
Lesotho landscape. As it is now, each department/ sector uses its own set of guidelines and techniques for 
sustainable soil, land, and water management. On the other hand, the physical management of the resources on 
the ground requires a holistic and integrated approach and therefore, a need for a consolidated compilation of 
guidelines and interventions which brings the critical themes together.  Within the ReNOKA movement, we call 
upon all stakeholders to make use of this Compendium in their respective activities that includes controlling land 
degradation, wetlands conservation, good rangeland management practices, controlling pollution and invasive 
alien species, climate change adaptation measures and land management. These underscore the need to strike a 
balance between conservation and productive use of natural resources.  

The compendium makes the point that natural resources have to be used and managed within a sustainable 
development framework, a concept that reconciles development and environment (Brundtland, 1987), which in 
recent years has found practical expression in the form of Sustainable Development Goals (SDGs).  The issues 
addressed in this compendium can make a direct contribution to most of the SDG’s including SDG1 (no poverty), 
SDG2 (zero hunger), SDG6 (clean water and sanitation), SDG11 (sustainable cities and communities), SDG13 
(climate action), SDG15 (life on land) and most importantly SDG17 (partnerships to achieve the Goal).  
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EXECUTIVE SUMMARY 
Due to Lesotho’s population growth, ongoing poverty, and food insecurity people have extended farming practices 
into uninhabited and environmentally sensitive areas including wetlands and steep mountain slopes. As a result of 
unsustainable practices and damage to environmentally sensitive areas, these activities have resulted in 
extensive land degradation and soil erosion that threatens not only traditional herding culture and basic 
livelihoods, but also the country’s water resources with detrimental impacts for downstream users. As the effects 
of climate change are starting to be felt, this land degradation and impacts of soil erosion will significantly worsen. 

The Government of Lesotho has been concerned about degradation of the catchments threatening the security 
and sustainability of the country’s resources for a long time. In response to this a variety of practical and legal 
measures have been put in place to reduce degradation and improve productivity in the catchments.  

The impacts of climate change on Lesotho and further degradation of its natural resources poses a threat to the 
security of the resources and the livelihoods of the population that rely on the resources. More intense rain events 
will continue to exacerbate the rate of erosion of lands across Lesotho and contribute towards reduction of water 
resources quantity and quality through sedimentation. 

It is against this background that the Government of Lesotho has embarked on a national programme for 
Integrated Catchment Management (ICM), whose aim is to rehabilitate degraded watersheds across Lesotho. 
This programme seeks to put in place mitigating efforts that will halt any further degradation of Lesotho’s 
catchment areas and improve livelihoods through sustainable management of land and water resources across all 
regions in the country.  

The overall objective of the ICM is to “facilitate socio-economic development and adaptation to climate change in 
Lesotho, while the specific objective is to institutionalise ICM under full implementation in Lesotho, based on 
gender equality and climate adaptation principles”.  
The envisaged outputs from the programme are as follows:  

(1) An effective and efficient, gender sensitive and climate-resilient policy framework for ICM is developed 
and applied. 

(2) Effective and efficient institutions for ICM are established, with equitable representation of women and 
youth. 

(3) Capacity, skills and knowledge of public, private sector, and civil society for sustainable ICM is 
facilitated. 

(4) ICM measures are implemented.  
 

With this in mind, the Compendium of soil and water conservation measures for prevention and rehabilitation of 
soil erosion and sedimentation has been designed to contribute to improving sustainable soil, land, and water 
management practices, in order to reduce the impacts of climate change on these natural resources and 
contribute towards improved resilience and adaptation to climate change. 

The Soil and Water Conservation Compendium has been developed cognisant of the fact that different activities 
within the catchment happen simultaneously.  The purpose of this Compendium is to provide a practical and 
detailed compendium of various suitable soil and water conservation measures for implementation by 
communities in the Lesotho landscape. There already exist many well compiled guidelines in Lesotho, this 
Compendium brings the critical themes together, in an endeavour to build resilience against water, soil and land 
management issues that threaten food security and livelihoods. The root-cause approach was developed in order 
to address the catchment problem. 

This Compendium of measures provides the technical guidance on how to implement recommended soil 
conservation and runoff management measures to mitigate, prevent or manage erosion or activities resulting in 
erosion, in the catchment area. Erosion is not limited to a particular sector or land use. All activities taking place 
on land have the potential to cause soil erosion. Therefore, this compendium has compiled the measures 
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according to the cause or effect of the soil erosion and where it is located in the landscape, rather than by Ministry 
and Department, sector of land use type. 

Effective erosion and sedimentation control requires first that the soil surface is protected from the erosive forces 
of wind, rain, and runoff, and second that eroded soil is captured in situ (on-site). Erosion control is the prevention 
or minimization of soil erosion and includes measures of runoff control. Sediment control is the trapping of 
suspended soil particles. When considered as a flow of energy, in order to prevent erosion, we need to address 
issues of runoff control and soil cover first as illustrated in figure below. 

 

Maintenance of control measures are vital to the success of an erosion prevention and sediment control program. 
Most control measures require regular maintenance. Problems often develop during a single storm. Some 
problems left untreated can result in more erosion damage than might have occurred without any erosion control 
measures in place. The following should be taken to guard against unforeseen problems: 

• Assign to an individual the responsibility for routine inspections of operating erosion and sedimentation 
control practices.  

• Inspect control measures frequently, particularly before, during, and after storm events, to ensure that 
they are working properly. 

• Correct problems as soon as they develop.  
 
The erosion and sedimentation control measures and interventions detailed in this Compendium relate to the key 
aspects of preventing and rehabilitating erosion and sedimentation, and are grouped under the following themes: 

1. Soil and land conservation to protect soil from exposure to erosive processes.  
2. Water conservation to retain and detain water in the landscape. 
3. Runoff Management to reduce the velocity and volume of runoff as an erosive force. 
4. Erosion and sediment control to rehabilitate erosion and trap sediment. 
5. Sustainable utilisation of resources to prevent degradation of natural resources. 

 

Each control measure theme includes a series of detailed interventions for implementation. In many situations 
more than one intervention will be required in order to prevent or rehabilitate erosion and sedimentation. For 
example, interventions that address soil conservation as well as interventions that address runoff management 
will be required together in combination to prevent erosion.  

The Control Measure Interventions described in this Compendium represent commonly accepted practices, 
adapted for- or already implemented in- Lesotho, that are used to prevent erosion and sedimentation resulting 
from common land use activities. Information such as the objective of the intervention, methodology for 
implementation including any variations or adaptations for site specific characteristics such as slope, and 
maintenance requirements, as well as illustrations, diagrams of photos for each intervention are included, and 
should help in guiding communities to implement the control measure intervention. 
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1. SOIL AND LAND MANAGEMENT 
The objective of these interventions is to protect the soil and land resources from the processes of erosion. 
Vegetation is the most effective form of erosion control. Very little erosion occurs on a soil covered with 
undisturbed natural vegetation. Re-establishing vegetation can be a difficult and costly process. These 
interventions are aimed at land use practices that could result in soil becoming exposed and preventing this 
exposure or damage to the vegetation cover protecting the soil. 
This control measure is composed of 15 supporting interventions: 

1. NO TILLAGE / OR MINIMAL TILLAGE 
2. CROP ROTATION AND INTERCROPPING  
3. MULCHING (SOIL COVER) 
4. AGROFORESTRY 
5. IMPROVED LAND PREPARATION FOR PLANTING 
6. TERRACES 
7. RIPARIAN BUFFERS 
8. CONTOUR BUNDS / VEGETATED RIDGES 
9. AREA CLOSURE – RANGELANDS 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 
11. HIGH DENSITY STOCK GRAZING – RANGELANDS 
12. ROTATIONAL GRAZING AND RESTING – RANGELANDS 
13. FENCING 
14. WILDFIRES AND FIREBREAKS 

 
2. WATER CONSERVATION 

The objective of water conservation interventions is to retain, or capture and store, water within the landscape. 
This water can then be used productively either in the household or in the field. By capturing and storing the water 
reduces the volume of water that flows as runoff. There are 6 interventions to support the water conservation 
control measure: 

15. SPRING / SEEP PROTECTION 
16. EXCESS WATER RE-USE 
17. RAINWATER HARVESTING 
18. STORAGE TANKS (ABOVE GROUND) 
19. WATER ABSORPTION PITS / INFILTRATION TRENCHES 
20. DETENTION PONDS  

 
3. RUNOFF MANAGEMENT 

The objective of runoff management interventions is to divert runoff water away from exposed areas and/or to 
reduce runoff velocities (speed). Examples of runoff interventions that divert runoff from exposed areas include 
diversion swales, slope drains and vegetated drains. Examples of runoff interventions that reduce runoff velocities 
include check dams, mitre drains, and energy baffles.  
There are 6 interventions supporting the runoff management control measure: 

21. ROADSIDE DRAINAGE AND MITRE DRAINS  
22. ENERGY BAFFLES / SEDIMENTATION BAFFLES 
23. CUT-OFF DRAINS 
24. GRASSED / VEGETATED WATERWAYS, CHANNELS/ DRAINS/ SWALES  
25. LEVEES EARTH BERMS 
26. PLANTING PITS / INFILTRATION PITS 

 
4. EROSION AND SEDIMENT CONTROL 

Erosion prevention is the most effective and inexpensive method for reducing overall environmental impacts 
associated with land use activities. Erosion prevention controls primarily involve preserving natural vegetation 
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when possible or stabilizing exposed soils with temporary covers or permanent vegetation. The objective of 
erosion interventions is to stop erosion and rehabilitate points from eroding further. 

Once soil erosion occurs, sediment trapping or removal techniques can reduce the amount of sediment and 
associated pollutants that leave the site, thus protecting nearby streams, wetlands, lakes, and reservoirs. 
Sediment controls are usually placed around the perimeter of a disturbed area and where concentrated water 
leaves the site. Sediment controls are the last line of protection for a site and should be used in conjunction with 
other site controls 
There are 4 interventions supporting the erosion and sediment control measure: 

28. LIVESTOCK WATERING ON RIVERBANKS 
29. SILT TRAPS 
30. GULLY RECLAMATION 
31. CHECK DAMS / STEP FLOW SYSTEM 

 
5. SUSTAINABLE UTILISATION OF NATURAL RESOURCES 

Livelihoods are dependent on the utilisation of natural resources, either for food, energy, shelter, or income 
generation. To control depletion and degradation of natural resources, they should be used and managed in a 
sustainable manner, to prevent exceeding the threshold of replacement versus overexploitation. The objective of 
the sustainable utilisation control measures is to guide the utilisation of the selected natural resources in a 
sustainable manner, balancing utilisation with conservation. 
There are 5 interventions supporting the sustainable utilisation of natural resources control measure: 

32. SUSTAINABLE UTILISATION OF WETLANDS – WISE USE 
33. CONSERVATION OF WETLANDS – NO NETT LOSS 
34. SUSTAINABLE NATURAL FOREST MANAGEMENT 
35. WOODLOTS 
36. CLEARING ALIEN AND INVASIVE VEGETATION 

 
 
ANNEXURES 
There are various aspects that may influence the design for implementation of a particular intervention. A key 
aspect is slope. The steeper the slope the faster runoff flows over the land, the more erosive power the runoff 
has. Therefore, on steeper slopes the spacing between interventions are closer together and on more gentle 
slopes the spacing can be further apart. However, it is important to be able to calculate slope, in order to know for 
site specific implementation which, slope characteristics are applicable. Similarly, knowing the soil type of the 
specific site is also important. A series of Annexures has been included in this compendium to help readers with 
these more complex calculations and provide additional supporting information for the implementation of the 
interventions. 
 
THE DECISION SUPPORT SYSTEM 
The purpose of a Decision Support System (DSS) is to help a person select the best type of measure for the land 
use activity, the location within the catchment, or the issue to be addressed. 

1. The DSS developed for this Compendium uses images from the landscape in Lesotho. The images 
include different land use activities, such as roads, pathways, grazing, cultivated land etc., as well as 
examples of erosion and land degradation. 

2. There is a number written on the image over these various land use activities, or degradation examples. 
The number corresponds to a control measure intervention in this Compendium. This is the intervention 
that is recommended either for this type of land use activity or for rehabilitating this type of degradation. 
The intervention detail does include adaptations or variations, where necessary, for different site-specific 
characteristics such as adjustments needed for slope, etc. Several numbers (interventions) may apply to 
one land use activity or degradation issue. 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page vii         

3. The numbers are colour coded to correspond to the control measure theme, i.e., soil and land 
management (yellow), water conservation (blue), runoff management (purple), erosion and sediment 
control (red), and sustainable utilisation of resources (green). The yellow activities are more proactive 
activities to prevent degradation whereas the red activities are reactive/responsive interventions. 

An example of the DSS is included: 
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LIST OF ACRONYMS, ABBREVIATIONS AND METRICS  

ACRONYMS and ABBREVIATIONS 

BMZ :  German Federal Ministry for Economic Cooperation and Development 
CMPP :  Community-based Participatory Planning 
CMJC :  Catchment Management Joint Committee 
COW :  Commissioner of Water 
CPU :  Sub-Catchment Planning and Implementation Unit 
CRS :  Catholic Relief Services 
DA :  District Administrator 
DC :  District Council 
DCS :  District Council Secretariat 
DSS :  Decision Support System 
DWA :  Department of Water Affairs 
EU :  European Union 
FATO-FATO : Sesotho name for Public Works Programme 
GIS :  Geographic Information System 
GIZ :  Deutsche Gesellschaft für Internationale Zusammenarbeit)  
GNI :  Gross National Income 
GoL :  Government of Lesotho 
ICM :  Integrated Catchment Management 
ICU :  ICM Coordination Unit  
IUCN :  International Union for Conservation of Nature 
IWRM :  Integrated Water Resources Management 
LAC :  Lesotho Agricultural College 
LHDA :  Lesotho Highlands Development Authority 
MAFS :  Ministry of Agriculture and Food Security 
MEAS :  Modernizing Extension and Advisory Services 
MGYSR : Ministry of Gender, Youth, Sports and Recreation 
MFRSC :  Ministry of Forestry, Range, and Soil Conservation 
MTEC :  Ministry of Tourism, Environment and Culture 
MoF :  Ministry of Finance 
NAPA :  National Adaptation Programme of Action 
NGO :  Non-Governmental Organisation 
NUL :  National University of Lesotho 
NTS :  National Technical Secretariat 
NRM :  Natural Resources Management 
RUSLE :  Revised Universal Soil Loss Equation 
SADC :  Southern Africa Development Community 
SDG :  Sustainable Development Goals 
SLM :  Sustainable Land Management 
TA :  Traditional Authorities 
TWM :  Transboundary Water Management programme 
 
METRICS 
ha = hectare (measure of area of land; 10 000m2)  
m = metre (measure of length, 100cm) 
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GLOSSARY OF TERMS 

Adaptation (Climate change):  the process of adjustment to actual or expected climate and its effects. In human 
systems, adaptation seeks to moderate harm or exploit beneficial opportunities. In natural systems, 
human intervention may facilitate adjustment (preparedness) to expected climate and its effects. 
(Intergovernmental Panel on Climate Change (IPCC)). 

 
Catchment: the surface area of land, bounded by a watershed, that 

contributes runoff, both surface and groundwater, and sediment 
materials to a common river channel, Figure 1, (Freeman and 
Rountree, 2005:8). Catchment boundaries can be delineated 
using a topographical map that shows the ridges that divides the 
runoff into different catchments, associated with the various 
drainages and the mouth of the stream or river where water flows 
out of the catchment. There is no fixed size for a catchment; the 
size of a catchment can vary depending on the point of discharge 
chosen to define it.  

Conservation: in relation to natural resources, includes the protection, 
recovery, reclamation and sustainable utilisation of those 
resources. 

Erosion: The wearing away of the land surface by water, wind, ice, gravity, or other geological agents. The 
following terms are used to describe different types of water erosion, (Clear Water Service, 2020):  

Accelerated erosion – Erosion much more rapid than normal or geological erosion, primarily as a result 
of the activities of humans. Visible impact between precipitation events with the naked eye. 

Channel erosion – The erosion process whereby the volume and velocity of flow wears away the bed 
and/or banks of a well-defined channel. 

Gully erosion – The erosion process whereby runoff water accumulates in narrow channels and, over 
relatively short periods, removes the soil to considerable depths, ranging from 0.5metre to as much 
as 30metres. 

Rill erosion – An erosion process in which numerous small channels only several inches deep are 
formed; occurs mainly on recently disturbed and exposed soils.  

Splash erosion – The spattering of small soil particles caused by the impact of raindrops on wet soils. 
The loosened and spattered particles may or may not be subsequently removed by surface runoff. 

Sheet erosion – The gradual removal of a fairly uniform layer of soil from the land surface by runoff 
water. 

 
Erosion and sediment control measure: Any temporary or permanent physical measures implemented to 

reduce erosion, control siltation and sedimentation, and ensure that sediment-laden water does not leave 
a site. 

Integrated Catchment Management: the integration for the management of all resources (socio-economic and 
biophysical) using the catchment as a unit of integration. ICM is a process that recognise a catchment as 
the appropriate unit of organisation for understanding and managing ecosystem processes in a context 
that includes, social, economic and political considerations, and guides communities and towards an 

     Figure 1. Catchment 
 

RE-DRAW 1 
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agreed and integrated vision of sustainable land and water resources management for their catchment, 
(Ireland’s Environmental Protection Agency). 

Integrated Water Resources Management: a process which promotes the coordinated development and 
management of water, land, and resources within a catchment area, in order to maximise the resultant 
economic and social welfare in an equitable manner without compromising the sustainability of vital 
ecosystems.  Also referred to as Integrated Catchment Management. (Global Water Partnership, 2007).  

Landscape: are the visible features of an area of land, its landforms, and how they integrate with natural or man-
made features. A landscape includes the physical elements of geo-physically defined landforms such as 
mountains, hills, water bodies such as rivers, lakes, and wetlands, living elements of land cover including 
indigenous vegetation, human elements including different forms of land use, buildings, and structures, 
and transitory elements such as lighting and weather conditions.  
(https://en.wikipedia.org/wiki/Landscape)  

 
Mitigation (Climate change): Mitigation refers to actions that reduce the human contribution to the planetary 

greenhouse effect. Mitigation actions include lowering emissions of greenhouse gases like carbon dioxide 
and methane, and particles like black carbon (soot) that have a warming effect. Increasing the net uptake 
of carbon dioxide through land-use change and forestry can make a contribution as well. 
(https://nca2014.globalchange.gov/report/response-strategies/mitigation) 

 
Prevention: actions to avert an impact from occurring. 

Rangeland: means land which is not being or has not been cultivated and on which indigenous vegetation, or 
other vegetation which can be utilised as grazing for animals. 

Rehabilitation: refers to remedying some of the ecosystem functions and processes in a degraded state or site. 
(Dunster and Dunster in FISCRWG, 1996). 

Resilience: a condition or capability to prepare for, respond to, and recover from significant multi-hazard threats 
with minimum damage to social well-being, the economy, and the environment. (U.S. Global Change 
Research Program (USGCRP)) 

Restoration: The process of returning an ecosystem as closely as possible to pre-disturbance conditions and 
functions. (FISCRWG, 1998:1-3). Note: pre-disturbance suggests pre-human and therefore we prefer to 
use the term rehabilitation, as human development cannot be removed. 

Run-off water: also called Surface Runoff, is precipitation that falls onto the surfaces of roofs, streets, the 
ground, etc., and is not absorbed or retained by that surface, but collects and runs off, resulting in excess 
surface water. Runoff water contributes to increased volumes of water in channels and watercourses, 
resulting in floods. 

Sediment: Fragmented material originated from weathering and erosion of rocks and soi. The material is 
transported by, suspended in, or deposited by water. 

Siltation: also called sedimentation, is a process by which a river, lake or other water body becomes clogged 
with sediment, the soil particles washed off land through soil erosion. Siltation can clog gravel beds and 
prevent successful salmon spawning. 
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Slope: in relation to a specified portion of land, means the vertical difference in height between the highest and 
the lowest points of that portion of land, i.e., vertical change elevation (metres), expressed as a 
percentage of the horizontal distance between those two points; measured as a numerical ratio or 
percent. Expressed as a ratio, the first number is the horizontal distance (run) and the second is the 
vertical distance (rise), e.g., 2:1. Slope can also be expressed as the rise over the run. To represent as a 
percentage, divide rise by run to get your calculated slope %. For instance, a 2:1 slope is a 50 percent 
slope. Refer Annexure B how to calculate slope. 

Soil conservation work: means any work which is constructed on land for- 
(a) the prevention of erosion or the conservation of land which is subject to erosion; 
(b) the conservation or improvement of the vegetation or the surface of the soil; 
(c) the drainage of superfluous surface or subterranean water; 
(d) the conservation or reclamation of any water source; or 
(e) the prevention of the silting of dams and the pollution of water, 
but not a work which is constructed on land in the course of prospecting or mining activities. 

Soil erosion: is the action of surface processes, such as water flow or wind, that remove soil, rock, or dissolved 
material from one location, and then transport it to another location where it is deposited as sediment. The 
main agents causing soil erosion include runoff, wind, air pollution, glacier, and gravity erosion. Erosion is 
a natural process that occurs very slowly; but is accelerated by human activities resulting in significant 
degradation of land and water resources. 

Topsoil: The dark-coloured surface layer of A-horizon of a soil. When present it ranges in depth from a few 
centimetres to several metres; equivalent to the plough layer of cultivated soils. Commonly used to refer 
to the surface soil layer(s), enriched in organic matter and having textural and structural characteristics 
favourable for plant growth. (Clear Water Service, 2020) 

Watershed: also called the Water divide, an area or ridge of land that separates runoff flowing to different 
catchments, rivers, basins, or seas. The watershed forms the boundary of a catchment area. 

Waterway: means an artificial flow path constructed on land in order to carry away run-off water without causing 
excessive soil loss. 

Wetland: Ramsar definition “areas of marsh, fen, peatland or water, whether natural or artificial, permanent or 
temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water the 
depth of which at low tide does not exceed six metres” 
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CHAPTER 1. INTRODUCTION 

1.1. BACKGROUND 
The mountain Kingdom of Lesotho is a landlocked country of 30,355 square kilometres with a population of 
almost 2.1 million. Climate change has already impacted the water sector in Lesotho whereby perennial springs 
have run dry and subsistence farming is in decline due to recurring droughts (MNR, 2007). Reports from the 
Ministry of Energy, Meteorology and Water Affairs (MEMWA), in Lesotho indicate that there has been a 0.7ºC 
degree increase in seasonal mean temperature and there is a projected increase of 1.78-2.2ºC degrees by 2060 
in many areas of Lesotho (MEMWA, 2013). 

Severe soil erosion as a major environmental problem has left the Lesotho landscape dissected with deep gullies 
and dongas since as early as 1920s.  Major efforts to address these only started in the 1940s following Pims 
Report of 1935 (Chakela,1973, Seckler, et al. 1978, Turner, 1979, Cantor and Chakela, 1987, Showers, 1982, 
1989, etc.) The 1968 Land Resource study (Bawden, and Carroll, 1968) was the first attempt of an assessment to 
guide the post-colonial efforts to provide a national picture of the status of resources of Lesotho and to 
recommend a national strategy for their management. The most comprehensive description from this century 
(2000s) is provided by the Country Environmental Profile (CEP) of 2012 (Palerm, et al 2012) and County Strategy 
Investment Framework (C-SF) of 2014 (Woodfine, A. 2014) and its revised version (Chakela, Q. K. 2018). The 
former describes the conditions both biophysical and policy terms while the latter deals with constraints identified 
to address the degradation. The CEP report used soil loss values based on the information from the Ministry of 
Natural Resources hydrometric stations.  However, the land management strategy recommended by this study 
was never implemented. 

Fertile soil, that should be supporting food production is washed in billions of tonnes as sediments into lakes, 
reservoirs and rivers, reducing both the storage capacity of these waterbodies as well as impacting the aesthetic 
appearance of water bodies, leading to low agricultural productivity and high costs of water treatment for water 
supply, (Makara, 2013). The objective of the study was to assess the spatial and temporal (over the years 1986, 
1997 and 2009) soil loss in and out of Lesotho using the Revised Universal Soil Loss Equation (RUSLE) model 
and Geographic Information Systems (GIS) techniques, (Makara, 2013). The estimates of sediment loads 
obtained are reported as 13 million ton/year for 1986, and 10 million ton/year in 1997 and a dramatic increase to 
21 million ton/year in 2009. The north-eastern highland and southern lowland districts were identified as critical 
areas/ hotspots for future management. Makara’s study is one of the first to attempt a national estimate of soil 
loss using remote sensing. The figures obtained, however, vary significantly with the values obtained are based 
on the analysis of hydrometric data of the 1970s (Jacobi, 1977). The most recent estimates using remote sensing 
indicate that soil estimated erosion rates between 2001 and 2020 show an increase in only 4 of the 74 sub-
catchments (GMV 2021). 

Almost all the rainwater runoff from Lesotho ends up in the Atlantic Ocean while the 
country remains in dire need of drinking water for its people. As this water travels, it 
erodes and transports fertile soil out of the country. It leaves behind gullies, impermeable 
surfaces, reduced arable land, worsening poverty and hunger. To reverse this trend 
demands commitment and a concerted effort at all levels of Government. 
 
Preamble of the Water and Sanitarian Policy (Ministry of Natural Resources, 2007)  
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The anticipated impact of climate change on Lesotho and further degradation of these resources poses a threat to 
the security of the resources and the livelihoods of the population that rely on the resources. More Intense rain 
events will continue to exacerbate the rate of erosion of lands across Lesotho and contribute towards 
sedimentation of water resources. A shift in rainfall period from June-August to March-May will also impact 
accessibility to water resources during winter/dry season, (Irish Aid, 2015). 

The Government of Lesotho has been concerned about degradation of the catchments threatening the security 
and sustainability of the country’s resources for a long time. In response to this a variety of legal measures have 
been put in place to reduce degradation and improve productivity in the catchment.  

 

1.2. LESOTHO’S INTEGRATED CATCHMENT MANAGEMENT 
PROGRAMME 

Due to Lesotho’s population growth, ongoing poverty, and food insecurity has resulted in people extending 
farming practices into uninhabited and environmentally sensitive areas including wetlands and steep mountain 
slopes. As a result of unsustainable practices and damage to environmentally sensitive areas, these activities 
have resulted in extensive land degradation and soil erosion that threatens not only traditional herding culture and 
basic livelihoods water supply, but also the country’s water resources with detrimental impacts to downstream 
users. The annual depletion of Lesotho’s natural resources is approximately 5.9% of Gross National Income 
(GNI); and the annual loss of topsoil is more than 2%. It is against this background that the Government of 
Lesotho has embarked on a national programme for Integrated Catchment Management. Its aim being to 
rehabilitate degraded watersheds across Lesotho and to put in place mitigating efforts that will halt any further 
degradation of Lesotho’s catchment areas.  

The 2016 Long-Term Strategy for Water and Sanitation Sector recognized the need for Integrated Catchment 
Management (ICM), as a process for the integrated planning for sustainable development and management of the 
land, water, and natural resources in the catchment area for the rivers of Lesotho. The aim of this ICM approach 
is economic development and improved livelihoods by sustainable management of water resources and land 
across Lesotho.  

The German Federal Ministry for Economic Cooperation and Development (BMZ) has been supporting the SADC 
water sector for several years through the programme “Transboundary Water Management in the SADC region” 
(TWM) implemented by the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). The fifth phase of 
TWM runs from 01/2020 to 12/2023 and includes a major component co-financed by the European Union (EU). 

The programme “Support to Integrated Catchment Management (ICM) in Lesotho” - referred to in the following as 
“the ICM programme” or “the Action” - was agreed between the Government of Lesotho and the EU Delegation to 
the Kingdom of Lesotho in the Financing Agreement signed in April 2019. 

The Overall Objective of the Action is: “ICM facilitates socio-economic development and adaptation to climate 
change in Lesotho”, while the Specific Objective runs: “ICM institutionalised and under full implementation in 
Lesotho, based on gender equality and climate adaptation principles”. The envisaged Outputs are as follows: (1) 
Effective and efficient, gender sensitive and climate-resilient policy framework for ICM is developed and applied; 
(2) Effective and efficient institutions for ICM are established, with equitable representation of women and youth; 
(3) Capacity, skills and knowledge of public, private sector and civil society for sustainable ICM is facilitated; (4) 
ICM measures are implemented; (5) Capacity strengthened for coordination, monitoring, supervision and general 
programme management. It is within the second output, Effective, efficient, and inclusive institutions, that the 
compilation of ICM Guidelines sits. 
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The ICM programme is embedded in the ‘ReNoka’ movement – meaning ‘We are a River’ in Sesotho. The 
movement identifies that we are a vital and fluid element of a greater cycle of evaporation, precipitation, and flow. 
A river is the coming together of a grand array of individual water droplets, forming rivulets, flowing in one 
direction, able to sustain life. We are a network of individuals, communities and professionals that are stronger 
together, fluid and growing as we shape the biosphere in Lesotho and the wider Orange-Senqu River Basin.  

1.3. PURPOSE OF THE COMPENDIUM 
In support of achieving the adaptation options set out in the Lesotho National Adaptation Plan of Action (NAPA) 
for Climate Change (MNR, 2007), as well as to provide the technical guidance for implementation of measures 
included in Fato-Fato programme (MFRSC, 2017), this compendium of guidelines and interventions has been 
designed to contribute to improving sustainable soil, land, and water management practices, in order to reduce 
the impacts of climate change on these natural resources, and contribute towards improved resilience and 
adaptation to climate change. 

The purpose of this Compendium is to provide a practical and detailed compendium of various suitable soil and 
water conservation measures for implementation by communities in the Lesotho landscape. There are many 
existing well compiled guidelines in Lesotho, this Compendium brings the critical themes together. 
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CHAPTER 2. WHY THESE GUIDELINES 

2.1. CLIMATE CHANGE AND THE LESOTHO LANDSCAPE 
“Lesotho is particularly prone to the following environmental stresses: drought, soil erosion and land degradation, 
desertification, deforestation and rangeland degradation, loss of biodiversity, degradation and drying up of the 
wetlands and mountain sponges. These environmental stresses will be more exacerbated under climate change 
conditions”, (MNR, 2007).  

According to the NAPA (MNR, 2007:7), the projections and potential impact of climate change predict warmer 
future climatic conditions over Lesotho, lower precipitation, particularly in the spring and summer seasons, higher 
precipitation in winter, and gradually increasing precipitation in autumn. The result would be a shift in precipitation 
patterns in such a way that seasonal rains that characterize the summer season could then set in late autumn. 
This is likely to have serious implications for agro-ecological conditions in the country as the growing season is 
pushed forward and perhaps shortened. On the other hand, an increase in precipitation in winter may suggest 
increased activity in frontal systems which may result in heavier snowfall occurrences and strong devastating 
winds which often bring disasters and human suffering. 

Table 1 List of vulnerable sectors and adapted associated community vulnerabilities (based on MNR, 2007) 

Sectors 
Vulnerabilities Vulnerable 

Water 
Resources 
 

Ground water resources are negatively affected by shortened rainfall season. 
This will result in inadequate annual recharge of aquifers and dams, lower water tables and 
drying up of springs. In the mountains, the wetlands are drying up affecting reliability of 
perennial streams. 
Land degradation results in reduced retention times resulting in less groundwater recharge, 
and increased runoff volume and energy resulting in more soil erosion. Increased soil 
erosion leads to increased sediment in water resources which results in poorer water 
quality, and reduced storage capacity of dams. 

Agriculture 
 

Crop production, especially rain fed crops, are adversely affected by reduced rainfall and 
frequent drought occurrences. Drought and high temperatures exacerbate incidences of 
diseases and pests. Resultant crop failures lead to famine and food shortages. 
More intense precipitation events can cause physical damage to crops, adversely affecting 
food security. 

Forestry 
 

Rural communities depend on biomass fuels as a major energy source. The resilience and 
regenerative capacity of forest resources are negatively affected by extreme climatic 
conditions. A decrease in forestry resources negatively impacts on the stability of energy 
supplies for both cooking and heating. 
Increased deforestation contributes to increased soil erosion and increased runoff and 
reduces groundwater recharge. 

Livestock & 
rangelands 
 

Livestock production is deteriorating due to degradation of rangelands. The net effect is 
increased livestock mortality rate and decreased quality of livestock products. Extreme 
weather conditions are conducive to disease and pest incidences and reduced grazing 
capacity. 
Overgrazing results in land degradation and contributes to soil erosion. 

Culture 
 

The natural heritage and culture of the Basotho is closely linked to the environment. Their 
housing, clothing, medicine and other traditions are affected by climate change. 

Health  
 

Frequent drought occurrences result in limited availability and quality of water leading to 
disease outbreaks compounded by famine and malnutrition. Increased intensity of 
precipitation events could result in increased occurrence of landslides resulting in damage 
to crops, households, and infrastructure which will result in limited availability and quantity of 
water, leading to disease outbreaks compounded by food shortage. 
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Energy Climate change induced drought affects the generation of hydropower. More sediment in 
the rivers results in more damage and maintenance of hydropower infrastructure and 
reduced storage capacity of dams. 

Soils 
 

Climate change affects soil cover (field, range, and forest resources) negatively. 
Soil erosion, desertification and land degradation are increased by incidences of drought 
and flooding; the result is loss of land and declining soil fertility. 

 

2.2. INTEGRATED CATCHMENT MANAGEMENT (ICM) 
The identified impacts of climate change highlight the interlinkage of various activities and degradation of land and 
water resources having multiple negative impacts across all sectors. It is therefore imperative that an integrated 
approach to prevention, rehabilitation, and adaptation be implemented, in order to build the resilience not only of 
the natural resources but of the various economic sectors and community livelihoods as well. Integrated 
Catchment Management (ICM) is the integrated management of all resources (socio-economic and biophysical) 
using the catchment as a unit of integration. ICM is a process that recognise a catchment as the appropriate unit 
of organisation for understanding and managing ecosystem processes in a context that includes, social, economic 
and political considerations, and guides communities and towards an agreed and integrated vision of sustainable 
land and water resources management for their catchment, (Ireland’s Environmental Protection Agency). 

2.2.1. CATCHMENT MANAGEMENT PLANNING  

A catchment, which comprises soil, water, and biomass, is a geographic area for planning and managing the land 
resources. The livelihoods of the farming population in the rural areas depend on the land and water resources 
within the catchment. Mismanagement of these soil, water and biomass resources can cause land degradation. 
As a result of land or resources degradation, the quality and quantity of land, water and biomass resources will 
deteriorate, which can put the livelihoods of the population at risk.  

Changes in catchments can result from a range of natural 
factors, including soil erosion, changes in farming systems, 
over-abstraction of water resources, overgrazing or uncontrolled 
grazing, deforestation, pollution, sedimentation, etc. The 
combination of the costs of environmental rehabilitation and the 
positive socioeconomic impacts of good catchment 
management has prompted investment in catchment 
management in many developing countries.  

Catchment management is an integrated use of land, water and 
vegetation resources in a geographically discrete drainage area 
for the benefit of its dependants.  

The aspects of a catchment that drive management approaches 
include the integration of land, water and vegetation resources 
and the causal link between upstream and downstream 
interconnections. Catchment management approaches need to 
be adapted to the local situation, each individual catchment characteristics, and to changes in natural resource 
use. 

A catchment can lose its productive capacity due to human interference, such as deforestation, inappropriate 
cultivation, disturbance of soils and slopes, overgrazing, road construction, wrongly constructed diversion, 
storage, transportation, and other mismanagements. 

Suggested catchment size  
(Source: MFRSC, 2017) 
Terminology Mean Size (ha) 
River Basin >5,000,000 
River sub-basin 500,000 
Watershed 
(Catchment) 

50,000 

Sub-catchment 
(Sub-watershed) 

5,000 

Mini-catchment 
(Mini-watershed) 

500 

Micro-catchment 
(Micro-watershed) 

<250 
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Catchment degradation leads to accelerated ecological deterioration, reduced economic opportunities and 
increased social tensions. To improve the living standard of the households in a given community, a degraded 
catchment that has lost its productive capacity has to be rehabilitated through properly planned catchment 
management. This is done through a process of formulating and carrying out a course of action involving the 
proper management of resources in a catchment that provide goods and services without adversely affecting the 
soil, water and vegetation resources. Community catchment management has thus to consider the social, 
economic and institutional factors operating within and outside the catchment area. The plan has to be made 
based on consideration of optimum resources use and agreed by all stakeholders.  

2.2.2. INTEGRATED CATCHMENT PLANNING AND MANAGEMENT 

The key drivers of an integrated catchment management approach include integrated land and water 
management, fundamental link between upstream and downstream use and impacts, multiplicity of stakeholders 
and a nexus in upland areas between resource depletion and poverty. 

Land use, vegetative cover, soils, and water interact throughout the catchment so that management approaches 
must consistently address these interactions properly though integrated catchment management approaches. The 
upstream land and water management inevitably has impacts on the downstream environment, particularly on the 
quantity and quality of water flows and on the operation of downstream assets. Because of the direction of these 
upstream and downstream effects, catchment management programs have to be typically oriented toward 
problem solving especially in upland areas. 

Catchment areas provide many important services to an extensive range of stakeholders, and changes in land 
and water management and the catchment’s hydrology will directly or indirectly affect many of these. Many 
people use upper and lower reaches for multiple purposes. Impacts on downstream areas are further 
compounded by socioeconomic development on the upstream, such as encroachment of urban development into 
flood plains, wetland areas, and areas of natural drainage resulting in reduced flow to- or increased flooding of- 
downstream areas. Due to land degradation, agricultural productivity declines, often aggravating the poverty and 
food insecurity problem.  
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CHAPTER 3. SOIL EROSION 
Soil erosion is a naturally occurring process where the action of surface processes, such as water flow or wind, 
remove soil, rock, or dissolved material from one location, and then transport it to another location where it is 
deposited as sediment.  In its natural process this is referred to as geological erosion, which results in the 
landscape features such as the canyons or mountains we see today. In geological erosion, the rate of erosion is 
slow enough, thousands of years, that we can’t observe it with the naked eye, and new soil forms from the 
underlying rock faster than the old soil are lost from the surface. Where the vegetation remains undisturbed, the 
roots of the plants help to anchor the soil, and the soil is not lost faster than it forms.  

Accelerated erosion occurs when people disturb the soil or the natural vegetation by cultivation, overgrazing 
livestock, cutting forests for bioenergy or opening agricultural land, ploughing hillsides, or digging up land for 
construction of roads, pipelines and buildings. Accelerated erosion is often 10-1000 times more destructive than 
geological erosion, especially on sloping lands and in regions of high rainfall (Brady and Weil, 2002). Accelerated 
erosion is visible between precipitation events, i.e., on a daily, monthly, or annual timeframe.  

Quote:  The nation that destroys its soil destroys itself.   
U.S. President Franklin D. Roosevelt, 1937 

 

Soil erosion is described as the detachment of soil particles by some force or agent. In Lesotho, the most 
predominant forces are precipitation especially rainfall, and hail and snow melt, and wind. The force of the 
raindrop falling on bare soil dislodges the soil particles or moving runoff water across bare soil causes most soil 
erosion, as splash, sheet, rill and gully erosion, as illustrated in Figure 2. 

 

Figure 2. Types of water-based soil erosion (Source: Clean Water Services, 2020) 

RE-DRAW 2 
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These different types of water-based erosion are described further, (Clean Water Services, 2020): 

Splash – When vegetative cover is stripped away, the soil surface is directly exposed to raindrop impact. 
Splash erosion results when the force of raindrops falling on bare or sparsely vegetated soil detaches soil 
particles that can easily be transported by runoff. This pounding action destroys the soil structure and 
often a hard crust forms when the soil dries. This crust inhibits water infiltration and plant establishment, 
increasing runoff and future erosion.  

Sheet – The removal of exposed surface soil can be caused by the action of unchanneled surface runoff. 
Shallow “sheets” of water flowing over the soil surface cause sheet flow. Sheet flow transports soil 
particles that have been detached by splash erosion. The shallow surface flow rarely moves as a uniform 
sheet for more than a few feet before concentrating in the surface irregularities. 

Rill – As surface flow changes from sheet flow to deeper concentrated flow along the low spots of the soil 
surface it creates rivulets, cutting grooves called rills into the soil surface. The energy of this concentrated 
flow is able to both detach and transport soil particles. The rills are small but well-defined channels that 
are at most only a few centimetres deep.  

Gully – Some gullies are formed when runoff cuts rills deeper and wider or when the flows from several 
rills come together and form a large channel. Gullies can enlarge in both uphill and downhill directions. If 
the flow of water is sufficient, large chunks of soil can fall from a gully headwall in a process called mass 
wasting or head cutting. Once a gully is created, it is very difficult to control, and costly to repair.  

Channel – When stream bank vegetation is disturbed or when the velocity or volume of a stream is 
increased, channel erosion can occur. Natural streams have adjusted over time to the quantity and 
velocity of runoff that normally occurs within a watershed. The vegetation and rocks lining the banks are 
sufficient to prevent erosion under these steady-state conditions. When a watershed is altered by 
removing vegetation, by increasing the amount of impervious surfaces, or by paving tributaries, stream 
flows are changed. Increased volume and velocity of runoff may cause expansion of gullies into well-
defined channels. These changes can disturb the equilibrium of the stream and cause channel erosion to 
begin. Channel erosion is commonly found at stream bends, constrictions where installed structures 
control the stream flow, or discharge points where storm drain culverts release storm water into a stream. 

Wind erosion is a form of erosion occurring in flat, bare areas, dry sandy soils, or where the soils are loose, dry, 
and finely granulated. Wind erosion damages land and natural vegetation by removing soil from one place and 
depositing it in another. It causes soil loss, dryness and deterioration of soil structure, nutrient and productivity 
losses, air pollution and sediment transport and deposition. Soil movement is initiated as a result of wind forces 
exerted against the surface of the ground. For each specific soil type and surface condition there is a minimum 
velocity required to move soil particles. This is called the threshold velocity. Once this velocity is reached, the 
quantity of soil moved is dependent upon particle size, the clumpiness of particles, and wind velocity itself. 

3. FACTORS AFFECTING EROSION 

3.1 FACTORS AFFECTING EROSION   

There are four principal factors affecting soil erosion, those of climate (e.g., precipitation, wind, temperature), soil 
characteristics, slope, and ground cover. These factors are interrelated in their effect on erosion potential. The 
erosion potential across Lesotho’s terrain is variable because of differences of these principal factors in different 
catchments. Understanding the factors that affect the erosion process enables us to make useful predictions 
about the extent and consequences of erosion within each catchment’s unique characteristics.  



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 9         

An empirical model developed for agriculture applications, the Revised Universal Soil Loss Equation (RUSLE) 
predicts soil loss resulting from sheet and rill erosion. It considers both the effects of erosion control practices and 
the factors that influence erosion, so it is useful for evaluating erosion problems and potential solutions and 
should be included as key step in evaluating catchments for the development of Catchment Management Plans.  

3.1.1 CLIMATE  
Climate affects erosion potential predominantly through precipitation. Rain is the driving force of erosion. 
Raindrops dislodge soil particles, and runoff carries the particles away. The erosive power of rain is determined 
by rainfall intensity (millimetres of rain per hour) and droplet size. A highly intense rainfall of relatively short 
duration can produce far more erosion than a long duration storm of low intensity. In addition, storms with large 
raindrops are much more erosive than misty rain events with small droplets. Lesotho has considerable diversity of 
climate between the highlands and lowlands, an across seasons. Under climate change these rainfall patterns 
and intensity are expected to change. Rainfall intensity, duration, and droplet size vary according to geographic 
location. Hail and snow melt also contribute to runoff erosion. 

3.2.1 SOIL  
The vulnerability of soil to erosion (its erodibility), is a result of a number of soil characteristics, which can be 
divided into two groups: those influencing infiltration, or the movement of water into the ground, and those 
affecting the resistance to detachment and transported by rainfall and runoff. Key factors that affect erodibility are 
soil texture, amount of organic matter, soil structure, and soil permeability, where Cleat Water Service (2020) 
define these as: 

Soil texture - refers to the sizes and proportions of the particles making up a particular soil. Determining 
soil texture is described in more detail in Annexure C. Sand, silt, and clay are the three major classes of 
soil particles. Soils high in sand content are said to be coarse-textured; because water readily infiltrates 
sandy soils, the runoff, and consequently the erosion potential, is relatively low. Soils high in content of 
silts and clays are said to be fine-textured or heavy. Clay, because of its stickiness, binds soil particles 
together and makes a soil resistant to erosion. However, once heavy rain or fast flowing water erodes the 
fine particles, they will travel great distances before settling. 

Organic matter - consists of plant and animal litter in various stages of decomposition. Organic matter 
improves soil structure and increases permeability, water holding capacity, and soil fertility. Organic 
matter in an undisturbed soil or in mulch covering a disturbed soil reduces runoff and erosion potential. 
Mulch on the surface also cushions the soil from erosive impact of raindrops. 

Soil structure - is the arrangement of soil particles into aggregates or combinations. Soil structure affects 
the soil’s ability to absorb water. When the soil is compacted or crusted, water tends to run off rather than 
infiltrate. Erosion hazard increases with increased runoff. A granular structure is the most desirable one. 
Loose granular soils absorb and retain water, which reduces runoff and encourages plant growth. 

Soil permeability - refers to the ability of the soil to allow air and water movement through the soil. Soil 
texture, structure, and organic matter all contribute to permeability. Soils that are least subject to erosion 
from rainfall and shallow surface runoff are those with high permeability rates, such as well-graded 
gravels and gravel-sand mixtures. Loose, granular soils reduce runoff by absorbing water and by 
providing a favourable environment for plant growth. 

3.3.1 SLOPE 
Slope length, slope shape, and slope steepness are critical factors in erosion potential. Runoff velocity is 
increased down long, steep slopes, which results in higher velocities. Long, continuous slopes allow runoff to 
build up momentum. Ditches and channels can concentrate surface flow, the high velocity runoff tends to produce 
rills and gullies.  
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The shape of a slope also has a major bearing on erosion potential. The base of a slope is more susceptible to 
erosion than the top, because runoff has more momentum and is more concentrated as it approaches the base. 
Slope orientation can also be a factor in determining erosion potential. In southern latitudes, exposed north-facing 
soils are hotter and drier, which makes vegetation difficult to establish. Southern exposures tend to be cooler and 
moister, receiving less sunlight, which results in slow plant growth.  

3.4.1 GROUND COVER  
The term ground cover refers principally to vegetation, but it also includes surface treatments such as mulches, 
matting, wood chips, and crushed rock. Vegetation is the most effective means of stabilizing soils and controlling 
erosion, Figure 3. The vegetation foliage protects the surface from the impact of falling rain, reduces flow velocity, 
and disperses flow. Vegetation provides a rough surface that slows the runoff velocity and promotes infiltration 
and deposition of sediment. Plants remove water from the soil and thus increase the soil’s capacity to absorb 
water. Plant leaves and stems protect the soil surface from the impact of raindrops, and the roots help maintain 
the soil structure while holding the soil in place. 

 

 

 

 
 
 
 
 
 
 
 
 
 

3.1 IMPACTS OF EROSION AND SEDIMENTATION  

Erosion and sedimentation cause both environmental and economic impacts. Both are important, but often only 
the economic impact spurs action. Erosion and sedimentation can cause extensive environmental damage that 
can be difficult and costly to rehabilitate. The result of environmental impacts contributes to economic impacts, 
e.g., increased sediment in water resources and dams reduces the storage capacity of the dam and reduces the 
quality of the water resources, requiring more complex and costly maintenance and treatment measures. Erosion 
removes the smaller and less dense constituents of topsoil, including clays, fine silt particles and organic 
materials that hold nutrients that plants require for healthy establishment. The remaining subsoil is often hard, 
rocky, infertile, and droughty; thus, making reestablishment of vegetation difficult. This loss of arable land reduces 
area for crop production and threatens food security. 

Many environmental impacts from erosion and sediment pollution are cumulative and the ultimate results and 
costs may not be evident until years later.  Examples of sediment pollution include, (Clean Water Services, 2020): 

• Eroded soil can contain nitrogen, phosphorus, and other nutrients. When carried into waterbodies, these 
nutrients can trigger algal blooms that reduce water clarity, deplete oxygen, lead to fish kills, and create 
odours. 

 Figure 3. Effects of vegetation on minimising erosion. (Shorestewards, 2021) 

RE-DRAW 3 
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• Erosion of streambanks and adjacent areas can destroy streamside vegetation that provides aquatic and 
wildlife habitats. 

• Erosion in wetlands can cause channelling of water, altering the laminar flow of water through the 
wetland, diminishing the regulating function of the wetlands and leading to drying out of the wetland. The 
erosion will also lead to trapped pollutants becoming mobile in the river system again, causing pollution 
downstream. 

• Excessive deposition of sediments in streams can smother the bottom fauna, seal streambeds, and 
destroy fish spawning habitat. 

• Excessive deposition can raise the riverbed raising and increasing the area of floodplain. 
• Excessive deposition of sediment into wetlands can smother the wetland fauna and microbes in the 

wetland ecosystem, and raise the wetland bed resulting in enlarged and altered floodplains 
• Turbidity from sediment can reduce in-stream photosynthesis, which leads to reduced food supply and 

habitat. 
• Turbidity can increase the amount of sunlight absorbed in water, raising stream temperatures. 
• Suspended sediment can abrade and coat aquatic organisms. 

 

3.2 SOIL EROSION AND SEDIMENT CONTROL 

3.2.1 EROSION CONTROL PLANNING   

The purpose of erosion prevention and sediment control planning is to identify and implement erosion control 
measures that are intended to prevent erosion and sedimentation from land use activities and installation of 
infrastructure1. It is therefore important, during the evaluation and planning process, to identify areas where 
erosion and sedimentation is already taking place, as well as predicting where it is likely to take place. In planning 
soil and water conservation measures to prevent and rehabilitate erosion and sedimentation affected areas, the 
following activities are necessary:  

1. Identify the most susceptible regions, seasons, specific conditions (e.g., soil type, coverage, slope, tillage, 
etc.) and land use activities within the catchment area; 

2. Identify and apply soil conservation and runoff management measures in the catchment area; and 
3. Use modelling to predict soil erosion risk in the future in the catchment area. 

The process of watershed-based or catchment planning identifies the susceptible areas within the catchment 
area, together with modelling, e.g., using RUSLE or remote sensing, to predict high risk areas in the future, in 
order to identify what measures to implement where, within the watershed and catchment area. The primary 
objective in creating and implementing an effective sustainable land management practice is to provide erosion 
prevention measures rather than sediment control i.e., prevention is better than cure. The Catchment 
Management Planning process serves as a mechanism for identifying the location, installation, and maintenance 
of practices to control erosion and prevent sediment. It is far more cost effective and practical to emphasize 
erosion prevention than rehabilitation. 

Erosion prevention measures – the objective is to protect the soil surface and prevent the soil particles 
from being detached by rainfall, runoff or wind. Erosion prevention is an approach that protects the soil as 
a valuable resource and that should be kept in place. The benefit of erosion prevention is that it seeks to 
prevent the problem before it starts. Once soil particles become dislodged and suspended in runoff, it 
requires greater effort and cost to contain the sediment. Erosion prevention measures are more effective 
than the reactive control of capturing and removing sediment. Erosion prevention measures include 
improved ground cover (mulch, grasses, straw mulch, etc.), buffer strips, approaches to land use such as 
no/minimal tillage, area closure, to provide mechanical or physical protection to exposed soil.  

 
1 For more information refer Clean Water Services (2020), Erosion Prevention and Sediment Control Planning 
and Design Manual. 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 12         

Sediment Control – After erosion has taken place, the challenge is to trap the sediment and recapture it 
in the landscape. Sediment control measures are used to trap the sediment in order to reduce the amount 
of sediment and associated pollutants that leave the site. Sediment that leaves the site causes problems 
downstream including reducing volume of dams, flooding and decreased water quality. The cost of 
impacts downstream and reclamation of the sediment is usually more expensive than implementing the 
erosion control measures in the first place.  

This Compendium of measures provides the technical guidance on how to implement recommended soil 
conservation and runoff management measures to mitigate, prevent or manage erosion or activities resulting in 
erosion, in the catchment area. Erosion is not limited to a particular sector or land use. All activities taking place 
on land have the potential to cause soil erosion. Therefore, this compendium has compiled the measures 
according to the cause or effect of the soil erosion and where it is located in the landscape, rather than by Ministry 
and Department, Sector of land use type2. 

Effective erosion and sedimentation control requires first that the soil surface is protected from the erosive forces 
of wind, rain, and runoff, and second that eroded soil is captured in situ (on-site). Erosion control is the prevention 
or minimization of soil erosion and includes measures of runoff control. Sediment control is the trapping of 
suspended soil particles. When considered as a flow of energy, Figure 4, in order to prevent erosion, we need to 
address issues of runoff control and soil cover first.  

 

Figure 4. Flow of energy of runoff, erosion and sediment 

Maintenance of control measures are vital to the success of an erosion and sediment control program. Most 
control measures require regular maintenance. Problems often develop during a single storm. Some problems left 
untreated can result in more erosion damage than might have occurred without any erosion control measures in 
place. Inspect control measures frequently, particularly before, during, and after storm events, to ensure that they 
are working properly. Correct problems as soon as they develop. Assign to an individual the responsibility for 
routine inspections of operating erosion and sedimentation control practices. 

 

3.2.2 LESOTHO REGULATIONS  

 
2 Should a reader specifically seek sector-based guidance, refer to the Ministry of Forestry and Land 
Reclamation’s Sustainable Land Management Toolkit (2014). 
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The protection and conservation of soil, land, and water resources is the responsibility of the persons that utilise 
the resources. The legislative framework of the Kingdom of Lesotho includes the following legal instruments for 
the sustainable utilisation and conservation of its natural soil, land and water resources: 

Legal Instruments 
ACTS 
The Land Act of 2010,  
National Environment Act of 2008,  
Forestry Act of 1998,  
Land Husbandry Act of 1969,  
Water Act No. 15 of 2008 
Local Government Act 1997 
 
POLICIES 
National Forestry Policy (2008); 
National Biosafety Policy 
Industrial Wastewater Management Policy 
The National Environment Policy of 1996,  
Water Resources Management Policy of 1999,  
Gender and Development Policy of 2006,  
Lesotho Food Security Policy and Strategic Guidelines of 2008  
The Lesotho Water and Sanitation Policy of 2007  
National Action Plan for Food Security (NAPFS): 10 Year Plan 2007 - 2017  
National Range Resources Management Policy 2014 
Transport Sector Policy (2006); 
Transport Sector Policy (2006); 
Transport Sector Environmental Policy and Action Plan 
 

A detailed list of this legislative framework is included in Appendix A. 
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4. HOW TO USE THE DECISION SUPPORT SYSTEM AND GUIDELINES  

4.1 DECISION SUPPORT SYSTEM 
The purpose of a Decision Support System (DSS) is to help a person select the best type of measure for the land 
use activity, the location within the catchment, or the issue to be addressed. 

4. The DSS developed for this Compendium uses images from the landscape in Lesotho. The images 
include different land use activities, such as roads, pathways, grazing, cultivated land etc., as well as 
examples of erosion and land degradation. 

5. There is a number written on the image over these various land use activities, or degradation examples. 
The number corresponds to a control measure intervention in this Compendium. This is the intervention 
that is recommended either for this type of land use activity or for rehabilitating this type of degradation. 
The intervention does include adaptations or variations, where necessary, for different site-specific 
characteristics such as adjustments needed for slope, etc. 

6. The numbers are colour coded to correspond to the control measure theme, i.e., soil and land 
management (yellow), water conservation (blue), runoff management (purple), erosion and sediment 
control (red), and sustainable utilisation of resources (green). The yellow activities are more proactive 
activities to prevent degradation whereas the red activities are reactive/responsive interventions. 

The following are a series of photos from the Lesotho landscape, with the Decision Support System indicating 
the suitable interventions for the different activities in the photograph. The number of interventions and 
themes are summarised below: 

 
Number Intervention Number Intervention 

SOIL AND LAND MANAGEMENT 19 WATER ABSORPTION PITS / INFILTRATION 
TRENCHES 

1 NO TILLAGE OR MINIMAL TILLAGE 20 DETENTION PONDS 
2 CROP ROTATION AND INTERCROPPING  RUNOFF MANAGEMENT 
3 MULCHING (SOIL COVER) 21 ROADSIDE DRAINAGE: MITRE DRAINS AND 

SWALES 
4 AGROFORESTRY 22 ENERGY BAFFLES / SEDIMENTATION BAFFLES 
5 IMPROVED LAND PREPARATION FOR PLANTING 23 CUT-OFF DRAINS 
6 TERRACES 24 GRASSED / VEGETATED WATERWAYS 
7 RIPARIAN BUFFERS 25 LEVEES EARTH BERMS 
8 CONTOUR BUNDS / VEGETATED RIDGES 26 PLANTING PITS / PLANTING PONDS 
9 AREA CLOSURE – RANGELANDS EROSION AND SEDIMENT CONTROL 

10 RE-SEEDING AND REHABILITATION – 
RANGELANDS 

27 LIVESTOCK WATERING ON RIVERBANKS 

11 HIGH DENSITY STOCK GRAZING – RANGELANDS 28 SILT TRAPS 
12 ROTATIONAL GRAZING AND RESTING – 

RANGELANDS 
29 GULLY RECLAMATION 

13 FENCING 30 CHECK DAMS 
14 WILDFIRES AND FIREBREAKS SUSTAINABLE RESOURCE MANAGEMENT 

WATER CONSERVATION 31 SUSTAINABLE UTILISATION OF WETLANDS – 
WISE USE 

15 SPRING / SEEP PROTECTION 32 CONSERVATION OF WETLANDS – NO NETT LOSS 
16 EXCESS WATER RE-USE 33 SUSTAINABLE NATURAL FOREST MANAGEMENT 
17 RAINWATER HARVESTING 34 WOODLOTS 
18 STORAGE TANKS (ABOVE GROUND) 35 CLEARING ALIEN AND INVASIVE VEGETATION 
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REDO WITH PEN & INK 
ARTWORK & 
WATERCOLOUR – (i) 

Or re-draw with colour 
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REDO WITH PEN & INK 
ARTWORK & 
WATERCOLOUR – (ii) 

Or re-draw with colour 
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REDO WITH PEN & INK 
ARTWORK & 
WATERCOLOUR – (iii) 

Or re-draw with colour 
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REDO WITH PEN & INK 
ARTWORK & 
WATERCOLOUR – (iv) 

Or re-draw with colour 
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REDO WITH PEN & INK 
ARTWORK & 
WATERCOLOUR – (v) 

Or re-draw with colour 
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REDO WITH PEN & 
INK ARTWORK & 
WATERCOLOUR – (iv) 

Or re-draw with colour 
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4.2 THE CONTROL MEASURES AND INTERVENTIONS 
There are five principal control measures detailed in this compendium. The control measures relate to the key 
aspects of preventing and rehabilitating erosion and sedimentation. These include: 

6. Soil and land conservation to protect soil from exposure to erosive processes.  
7. Water conservation to retain and detain water in the landscape. 
8. Runoff Management to reduce the velocity and volume of runoff as an erosive force. 
9. Erosion and sediment control to rehabilitate erosion and trap sediment. 
10. Sustainable utilisation of resources to prevent degradation of natural resources. 

 
Each control measure theme includes a series of detailed interventions for implementation. In many situations 
more than one intervention will be required in order to prevent or rehabilitate erosion and sedimentation. For 
example, interventions to address soil conservation as well as interventions to address runoff management will be 
required to prevent erosion.  

The Control Measure Interventions described in this Compendium represent commonly accepted practices, 
adapted for- or already implemented in- Lesotho, that are used to prevent erosion and sedimentation from 
common land use activities. Where local indigenous knowledge is available, these should be included in the 
approach. Information such as the objective of the intervention, methodology for implementation including any 
variations or adaptations for site specific characteristics such as slope, and maintenance requirements, as well as 
illustrations, diagrams of photos for each intervention are included, and should help in guiding communities to 
implement the control measure intervention.  

4.3 WORK NORMS 
The work norms provide an indication of the productivity of 8-hours of work a day as to how much work should be 
carried out by an able-bodied person. These work norms provide a benchmark for productivity, but occasional 
sampling of productivity should be undertaken in order to update and verifying. Using the benchmark provides a 
mechanism against which to assess progress of implementation, as well as to calculate budgets where funding is 
available for implementation. These norms are indicative and may vary on site specific characteristics such as 
steep slopes, hardness of the soil, dense vegetation, resources such as stones not being close by, and altitude. 
All norms should be adjusted by 5% for work conducted at an altitude above 3000m above sea level. The work 
norms are summarised into the Table below. Low productivity may result from: late arrival/early departure, many 
or longer breaks; access to or utilising the wrong tools, and or not having suitable training. 

The norms are indicated in time per area or speed per distance, these are then multiplied against the design 
requirements of the site interventions to provide an indication of how much time is required to complete the 
interventions, this can then be adjusted by engaging more persons to implement the activity. 

Activity Work Norm Activity Work Norm 
Shallow Trenching:                    

Soft soil 
Medium soil 

   Hard soil 

(0.3mw x 0.3md x1ml = 0.09m3) 
6.3min/0.09m3/person 
9.5min/0.09m3/person 
12.7min/0.09m3/person 

Silt fencing:   
  Soft soil 

Medium soil                      
Hard soil 

 
44min / m / person 
50min /m / person 
59min / m / person 

Brush on site  
 
Spread 1 bundle  
(mulch, brush, etc.) 
 

150m2 / pd  (10mw x 15ml) 
 
100seconds / 0.6m2 

 

 

Gully sloping:   
 Soft soil 

 
         Medium soil 

 

 
5.2m3/pd  
(with geotextile 3.8m3/pd) 
3.8m3/pd  
(with geotextile 2.8m3/pd) 
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Walking with bundle 
(brush or mulch) 

0.7m/s  
(bundle = 0.5m2) 

              Hard soil 2.9m3/pd  
(with geotextile 2.1m3/pd) 

Earth berm:    
       Soft soil 
 Medium soil 
      Hard soil 

(1mw x 1md x 2ml = 2.0m3) 
2.0m3/pd  
1.3m3/pd 
1.0m3/pd 

Plant ponds:  
(measure, dig, plant, 
mulch)              Soft soil 
                 Medium soil 

Hard soil 

(0.3mw x 0.5m d) 
 
11min / pond 
17min / pond 
23min / pond 

Walking speed 
wheelbarrow 

0.3m/s Ploughing by hand  0.5-1.0m/s 

Seeding  12m2/pd  (0.8pd/m2) 
(3mw * 4ml =12m2) 

Harrowing by hand 0.5-1.0m/s 

Slashing  0.7m/s Levelling by hand 0.5-1.0m/s 
Plant Tree pit:  
(dig, plant, water, fill, 
mulch)               Soft soil 

 Medium soil 
      Hard soil 

(1mw x 1md x 1.5md = 1.5m3) 
 
15min/1.5m3/person 
20min/1.5m3/person 
27min/1.5m3/person 

Infiltration Ditch 
 

Soft soil 
 Medium soil 
      Hard soil 

(2mw x 1md x 5ml= 10m3) 
 
74min/10m3/person 
110min/10m3/person 
145min/10m3/person 

Drain trenching: 
 

Soft soil 
 Medium soil 
      Hard soil 

(1mw x 1md x 1.5md = 1.5m3) 
 
11min/1.5m3/person 
16min/1.5m3/person 
22min/1.5m3/person 

Contour bund 
 
 

Soft soil 
 Medium soil 
      Hard soil 

(dig furrow and ridge soil) 
(0.5mw x 0.3md x 1ml = 0.15m3)) 
 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Alien Clearing 0.5ha/pd Walking speed with 
rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Grass sodding  
 

5min/1m2/ person 
(1mw x 1ml = 1m2) 

Placing rocks 
 

8.3min/1m2/person 
(1mw x 1ml = 1m2) 

Fencing posts 
 

Soft soil 
 Medium soil 
      Hard soil 

(1mw x 1md x 1.5md = 1.5m3) 
 
11min/1.5m3/person 
25min/1.5m3/person 
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 

min = minutes   1mwx1mdx1ml = 1metres wide x 1metres deep x 1metres long 
m = metres 
pd = person day (9 hour day including, rests and lunch totalling 1 hour) 
These work norms are adapted from (2017) The Summary of Norms for Ecosystem Activities, Department of 
Natural Resources Management, Ministry of Environmental Affairs, South Africa. 

4.3.1. How to calculate a work norm for a specific site 

Example: For implementing contour bunds on a farm plot of 1ha in size, with slope of 7° (gradient is 12.5%, 
moderate grouping) with medium soil hardness. The area of 1 ha is 10 000m2. The farm could be 80m wide and 
125m up the slope. 

According to the guideline for Contour bunds, the interval for the slope is 10m: 

 Rainfall Slope 
Vetiver grass Semi-arid to high rainfall 

<12%  
Napier grass* preferably >1000 mm/yr.  
Slope of field 5-15% (moderate) 
Contour Ridge spacing guideline  10 m 

Amount of slips/ha 10 000 
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On a farm slope length of 125m, with a contour bund interval of every 10m, (125m/10m) results in 12 bunds will 
need to be implemented. Each bund will need to be the width of the farm, e.g.,80m. In total 12 bunds of 80m, 
results in a total of 960m of bunds to be constructed. The work norm for contour bunds for medium soil is 
2.5min/0.15m3/person where the bund measurements is 0.5m wide x 0.3m deep and 1m length = 0.15m3. 

For 960m length of bunding, at 2.5minutes per 1 metre length, results in 960m 2.5minutes = 2400minutes (40 
hours or 5 work-days). This is for 1 person working. In Order to speed up construction, the time will be reduced by 
the number of people working. E.g., 1 person = 40 hours, but 2 people (40/2) = 20 hours each. 

Once the work norm has been calculated, one can also calculate how much of the different equipment is also 
required. The amount/volume of equipment is multiplied by the cost of the item of equipment.3 

 

 
3 The cost of individual equipment Is not included in the Compendium as this cost varies regularly due 
to inflation, transport, and where the project site is located in the country. 
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CHAPTER 5. SOIL AND LAND MANAGEMENT 
The objective of these interventions is to protect the soil and land resources from the processes of 
erosion. Vegetation is the most effective form of erosion control. Very little erosion occurs on a soil 
covered with undisturbed natural vegetation. Re-establishing vegetation can be a difficult and costly 
process. These interventions are aimed at land use practices that could result in soil becoming 
exposed and preventing this exposure or damage to the vegetation cover protecting the soil. 

Seed and mulch denuded soils as soon as possible. Mulch helps seedlings to become established 
and protects the soil from raindrop splash until vegetation takes over. Soils may be planted with 
temporary or permanent vegetation. If the soil will be exposed during the winter months, protective 
measures other than vegetation must be used.  

This control measure is composed of 15 supporting interventions: 

1. NO TILLAGE OR MINIMAL TILLAGE 
2. CROP ROTATION AND INTERCROPPING  
3. MULCHING (SOIL COVER) 
4. AGROFORESTRY 
5. IMPROVED LAND PREPARATION FOR PLANTING 
6. TERRACES 
7. RIPARIAN BUFFERS 
8. CONTOUR BUNDS / VEGETATED RIDGES 
9. AREA CLOSURE – RANGELANDS 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 
11. HIGH DENSITY STOCK GRAZING – RANGELANDS 
12. ROTATIONAL GRAZING AND RESTING – RANGELANDS 
13. FENCING 
14. WILDFIRES AND FIREBREAKS 
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1. NO TILLAGE OR MINIMAL TILLAGE  
OVERVIEW 
No and Minimum tillage are a soil conservation system primarily meant to provide a favourable soil 
environment for the plant growth with minimum soil manipulation necessary for a successful crop 
production. The techniques do not destroy the soil structure and it reduces soil erodibility that causes 
significant soil loss, and reduce evaporation from the soils, thereby retaining soil moisture in the 
ground. No and/or Minimal tillage are one of the key principles in Conservation Agriculture, where 
Minimum tillage is the superficial loosening of the soil without disturbing the soil between and Zero-
till or No-till refers to the direct planting through a mulch layer. 

OBJECTIVES 
• Reduce tillage to the minimum necessary for ensuring a good seedbed, rapid germination, 

and a satisfactory stand and favourable growing conditions. 
• Improve soil fertility through minimum soil disturbances. 
• Improve organic matter, water retention, and enhance soil matter for better crop production.  

CATCHMENT PERSPECTIVES 
In all annual cropping systems, residues (leaf material, roots, and other plant parts) can be recycled 
beneficially to improve soil organic matter and soil structure, as well as to reduce soil loss. These 
residues are valuable sources of organic matter and carbon and can lead to the extended release of 
nutrients during the development (growth) phase of the next crop cycle. This technique is applicable 
throughout the catchment. 

CRITERIA 
Maintain soil structure and soil organic matter. Use of crop residues and mulches will assist in 
maintaining soil organic matter levels, retaining soil humidity, and reducing surface evaporation. 
Narrow strips (Minimal-tillage) or holes (No-tillage) are opened up to place the crop seed rather than 
disturbing the whole field area. It is suitable for slope or rocky areas with thin topsoil layer where soil 
and water erosion are heavy. Extensive tilling on these areas will accelerate erosion. Vegetation is 
slashed down and left on the surface to form mulch. 

BENEFITS 
• Improved soil conditions due to decomposition of plant residues in situ. 
• Higher infiltration caused by the vegetation present on the soil and channels formed by the 

decomposition of dead roots. 
• Less resistance to root growth due to improved soil structure. 
• Reduced runoff water reducing opportunity for erosion. 
• Reduce evaporation of water from soil due to undisturbed soils and retaining organic 

materials as mulch. 
• The mulching helps reduce the occurrence of weeds, allowing the seeds full access to the 

nutrient and moisture in the soil. 

MANAGEMENT  
LEAD DEPARTMENT 
Department of Crops 

OWNERSHIP & RESPONSIBILITY 
• Farmers and communities 

LIVELIHOODS 
No and/or Minimal tillage is less labour intensive, and less disruptive to the soil structure and retains 
more water in the soil. This contributes to reduced cost of production with better yields, contributing to 
improved profits.  

METHOD STATEMENT 
METHODOLOGY 
1. Residues on the soil surface: 

a. Normal Tillage    <15% or <560 kg/ha 
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b. Conservation Tillage   >30% or >1120 kg/ha 
2. Management of crop residues 

a. Immediately after harvest, distribute crop residues and any weed biomass on the ground 
surface parallel to the direction of intended planting rows. 

b. Do not burn or remove crop residues and weeds. If feed for livestock or fuel for cooking is a 
priority, 25-50% of the biomass may be removed - but leave no more than 30% of the 
ground surface exposed by planting time. 

c. The stems of weeds should be broken or cut, leaving the roots in the soil to help bind it and 
leaving the broken or cut biomass on the soil as protective cover. As it decomposes it will 
return nutrients to the soil. The green matter will protect the soil from evaporation and 
erosion. 

3. Planting with conservation tillage 
a. Use pegs and string to mark planting rows. 
b. No tillage= Sow seeds on the flat or on old ridges with a dibble stick (or jab planter) at the 

conventional depth and spacing. Maize: 90 cm between rows, 25 cm between planting 
stations, 1 seed per hole. 

c. Minimal tillage= Open the mulch in lines along the marked row to allow for easy planting. 
d. Do not construct any new ridges 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

 
Figure 5. Example of minimal tillage in large-scale commercial farming. 

 
Figure 6. Example of minimal tillage. Crops are grown amongst the debris of previous cropping. 

EQUIPMENT 
• Slashers     
• Stick to make seed hole 

WORK NORMS 
Activity  Work norm  
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Slashing  0.7m/s 
Seeding  12m2/pd   (rate of 0.08pd/m2) 
Harrowing by hand 0.5-1.0m/s 

RISK MANAGEMENT 
• Exposed and loose soil is at higher risk of eroding. By reducing the tillage, the soil structure is 

not lost and thus contributed towards reduced erosion. 
• Ensure the seed holes are not covered too deep with much, so the seeds can still grow. 

Excess biomass from previous cropping can be collected and used elsewhere. 
VARIATIONS & ADAPTATIONS 
Condition Adaptation 
Soil Suitable for all soil types, and should especially be applied in areas of shallow soil 
Slope Should be applied on all slope gradients 
Rainfall Suitable for all areas of rainfall  
Altitude Appropriate for all altitudes 
Temperature 
range 

Appropriate for all temperature ranges, the mulching provides insulation for the 
seeds in cold temperatures 

SEASONAL VARIATIONS 
• Slashing of weeds and cutting of stalks should take place in winter when growth is slower and 

prior to the planting season. 
• Planting soon after slashing will create competition for nitrogen with the seedlings. 

MAINTENANCE 
• Regular watering and weeding of the seeds as per normal cropping practices. 
• If there is occasional interference by an old stalk where a seed is trying to grow, then remove 

it, shake the soil out the roots.  
 

REFERENCES 
SPECIFIC DEFINITIONS 
Minimum tillage – superficial loosening of the soil (5 cm), ripping of planting rows with a ripper tine 

(chisel plough), or making permanent planting basins by hand, without disturbing the soil 
between 

Zero-till or No-till – direct planting through a mulch layer using a special planter (oxen-drawn) or 
hand tool (jab planter/ stick) 

Conservation tillage – any form of reduced tillage techniques. 

SEE ALSO GUIDELINES 
2. CROP ROTATION AND INTERCROPPING 
3. MULCHING (SOIL COVER) 
4. AGROFORESTRY 
5. IMPROVED LAND PREPARATION FOR PLANTING 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 

FURTHER REFERENCES 
a. Braid, S. (ED). (2019). WRC Green Village: Community-based Catchment Management 

Guidelines. Volume 2. WRC Report No. TT 793/2/19. Water Research Commission, Pretoria, 
South Africa. 

b. Conservation Farming Unit, Zambia (undated). The practice of conventional and conservation 
farming in East and Southern Africa. Lusaka, Zambia 

c. IIRR and ACT (2005). Conservation agriculture: a manual for farmers and extension workers 
in Africa. IIRR and ACT, Nairobi and Harare 

d. Liniger, H.P., R. Mekdaschi Studer, C. Hauert and M. Gurtner. (2011). Sustainable Land 
Management in Practice – Guidelines and Best Practices for Sub-Saharan Africa. TerrAfrica, 
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World Overview of Conservation Approaches and Technologies (WOCAT) and Food and 
Agriculture Organization of the United Nations (FAO) 

e. MFRSC (2014): SLM Toolkit 
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2. CROP ROTATION AND INTERCROPPING  
OVERVIEW 
Also a key principles of Conservation agriculture are intercropping and crop rotation. Intercropping is 
a practice involving growing two or more crops simultaneously on a same piece of land. The main 
advantage of inter cropping is getting higher returns from the same piece of land which otherwise 
not be utilized by a single crop. Inter cropping also helps in providing mutual benefits to the crops. 
Crop rotation is a practice for fertility restoration and pest control consisting of growing different 
crops one after another. 

OBJECTIVES 
• To minimize nutrient depletion by plants because of their different root depths and nutrient 

requirements. 
• Maximize the utilization of land 
• Preserve nutrient status of the soils 
• Provide protection against erosive forces 
• Maximise labour productivity and cut-down costs of farming systems 
• Conservation and efficient use of the available water (rain-fed/irrigated) 

CATCHMENT PERSPECTIVE 
Applicable on all farm fields throughout the catchment. Managing soil nutrients and soil health more 
sustainably reduces the potential for erosion, throughout the catchment. Improved crop yields reduce 
the need to open more land for farming to achieve the same yield. 

CRITERIA 
Intercropping: 

• Leguminous crops and vegetables should be grown as intercrops 
• Shade loving crops should be preferred to cultivate in a full-grown bearing orchard 
• The water requirement of intercrops should coincide with the water needs 
• Crops with shallow and fibrous roots should be preferred inter crops 

Crop Rotation: 
• Crops with tap roots should be followed by those with fibrous roots. 
• Leguminous crops should be grown after non-leguminous crop. 
• More exhaustive crops should be followed by less exhaustive crops. 
• Selection of crops should be based on demand, and tolerance to drought. 
• Avoid growing crops of the same family in succession. 
• Low-lying and flood prone areas crops should be such that they can tolerate water 

stagnations. 
• Selection of the crops should suit soil and climatic condition  

BENEFITS 
• Increased returns to cropped land (provided the ratio of maize to pigeon plants is optimal) 
• Accumulation of soil nitrogen through the legume’s atmospheric nitrogen fixing ability and making 

soil phosphates more readily available to maize 
• Saving in labour and input costs 
• Improved weed and disease control 
• High-protein food source from seed and pods and leaves serve as a fodder crop 
• More biomass for mulching 
Crop rotation and intercropping reduces soil-borne and other diseases and pests 
Intercropping 

• Gives additional income from the orchard even during pre-bearing stage 
• Prevents soil erosion when cover crops are grown as intercrops and rotations 
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• Suppress the weed growth 
• Effective mean of proper land and space utilization 
• Enhances the biodiversity and stability of the farming system 
• Improves soil fertility 
• Provides microclimate favourable for main fruit cops. 

Rotation 
• Agricultural operations can be done timely for all crops because of less competition. 
• Soil fertility is restored by fixing atmospheric nitrogen, encountering microbial activity, 

avoiding accumulation of toxins, and maintaining physical properties of soils 
• Helps in controlling insects, pests, disease, and controls the weeds in the field 
• Proper utilization of all resources and inputs is made by following crop rotation 
• The farmers get better prices for their produce because of its higher demand in the market 

MANAGEMENT 

LEAD DEPARTMENT 
Department of Crops 

OWNERSHIP & RESPONSIBILITY 
• Farmer 
• Cooperative 
• Community 

LIVELIHOOD 
• Improved soil health results in improved crop yields which contributes both to household food 

security and to income where crops are sold. 
• Improved nutrients available to crops ensures the crops hold better nutrient value, which is 

beneficial for dietary nutrition and health. 

METHOD STATEMENT 
METHODOLOGY 
Intercropping: 
Intercropping is implemented as different methods of maximizing yield from the farming system 

• Row intercropping: involves planning more than one crop simultaneously, with at least one 
of the crops planted in a row, Figure 3 

• Strip-cropping: involves planting different crops in alternative strips, with rows big enough 
to allow for harvesting with machinery, Figure 5. 

• Mixed intercropping: involves growing more than one crop simultaneously without any 
distinct row arrangement. Plants are bunched together naturally but in an orderly manner, 
Figure 4 

• Relay intercropping: involve the planting of more than one crop on the same piece of land 
with the planting of the second crop after the first crop has flowered or completed its 
development or just before harvesting the first crop 

• For example: Interplant pigeon pea between every second row of maize at half the intra-row 
maize seed spacing - giving a maize and pigeon pea population ratio of 4:1 

• Use a dibble stick to make the planting hole for both the maize and the pigeon pea 
Crop Rotation 
Based on the land suitability assessment and the farmers needs and resource base, the farmer 
chooses what cropping sequence and mix they should apply to their field. The following are some of 
the tips that can be used to achieve best result: 

• Chemical fallow is not as effective at breaking weed, disease, and insect cycles as black 
fallow, cover crop, or production of a properly chosen crop. 
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• Rotations should be sequenced to make it easy to prevent volunteer plants of the previous 
crop from becoming a weed problem. 

• Producers with livestock enterprises find it less difficult to introduce diversity into rotations. 
• Use of forage or flexible forage/grain crops and cover crops enhance the ability to tailor 

rotational intensity. 
• Livestock make using rotations with perennial sequences easy. It is probably not possible to 

be sustainable over long periods of time without using perennial plants in the system 
• To prevent the build-up of pests do not plant the same kinds of plants in the same place year 

after year.  Plant different vegetables every year for example: 
Year 1: Legumes (beans, peas) 
Year 2: Leaf (spinach, lettuce, artichokes) 
Year 3: Fruit (tomatoes) 
Year 4: Root (carrots, beetroot, parsnips, onion, garlic) and repeat from Year 1 – Year 4 

ILLUSTRATIONS/DIAGRAMS/PHOTOS 

 
Figure 7. Example of row intercropping at field scale. 

 
Figure 8. Example of mixed intercropping. 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 32         

  
Figure 9. Example of strip-cropping at commercial farming scale. 

EQUIPMENT 
• Farming machines- available to the farmer – tractors, ploughs, planter, harrows etc 
• Labour 
• Seeds for selected crops 

WORK NORMS 

Activity  Work norm  
Slashing  0.7m/s 
Seeding  12m2/pd   (rate of 0.08pd/m2) 
Harrowing 0.5-1.0m/s 

RISK MANAGEMENT 
Proper selection of the crop types for inter-cropping and rotation mix is essential to ensure success.  

VARIATION & ADAPTATIONS 
• Each system to be applied based on proper assessment of its requirements in terms of 

climate, soils and water availability 
• Slope shape, length and aspect should be matched with crop mix used 
• The most successful and most recommended combination is maize and pigeon pea (Cajanus 

cajan). Other legumes that can be used include dry bean (Phaeseolus vulgaris), soybean 
(Glycine max) and cowpea (Vigna unguiculata). 

Condition Adaptation 
Soil Suitable for all soil types, and should especially be applied in areas of shallow soil 
Slope Should be applied on all slope gradients 
Rainfall Suitable for all areas of rainfall  
Altitude Appropriate for all altitudes 
Temperature 
range 

Appropriate for all temperature ranges, crop type should be selected according to 
season. 

SEASONAL VARIATIONS 
• Crops should be selected to match their soils and climate requirements. 
• Time of planting and harvesting sequence should be considered in the rotation/intercrop mix 

to avoid conflict in resource use. 

MAINTENANCE 
• Proper weed and pest control 
• Ensure water supply 

REFERENCES 
SPECIFIC DEFINITIONS 
Intercropping - the farming practice of growing two or more crops on the same field at the same time. 
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Crop Rotation -a process of growing different crops in succession on a piece of land in a specific 
period of time, with the objective to get maximum productivity from less investment without 
impairing the soil fertility. 

SEE ALSO GUIDELINES 
1. NO TILLAGE OR MINIMAL TILLAGE 
3. MULCHING (SOIL COVER) 
4. AGROFORESTRY 
5. IMPROVED LAND PREPARATION FOR PLANTING 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 

FURTHER REFERENCES 
a. Agropedia. Feb (2015). Effective drought and desertification mitigation with Pigeon Pea. 

Accessed July 2021. 
b. Asseng, S. & Cammarano D. (2014). Intercropping in Encyclopaedia of Agriculture and Food 

Systems  
c. Braid, S. (ED). (2019). WRC Green Village: Community-based Catchment Management 

Guidelines. Volume 2. WRC Report No. TT 793/2/19. Water Research Commission, Pretoria, 
South Africa. 

d. ENTREM Ltd (2014). Guidelines for Watershed Rehabilitation in Rwanda 
e. MFRSC (2014). SLM Toolkit 
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3. MULCHING (SOIL COVER) 
OVERVIEW 
This is the practice of minimum disturbance of crop residue on the cultivated land between harvest 
and seedbed preparation using tillage implements that destroy weeds but leave at least 30 % of the 
crop stubble on the surface after planting. Mulching can be done using other materials besides crop 
stubble: cut grasses or foliage, straw materials, wood chips, saw dusts, paper or any another 
biodegradable non-hazardous residue material. Soil cover and mulching is also a key principle of 
conservation agriculture. 

OBJECTIVES 
• to maintain soil cover 
• to reduce the loss of nutrients, replenish soil organic matter, and capture  
• Improve rainwater infiltration 
• Control soil erosion 
• Improve soil structure 
• Conserve soil moisture 
• Minimize rain splash, reduce evaporation 
• Reduce temperature of soil in hot climate 
CATCHMENT PERSPECTIVE 
Besides use on field cropping, mulching can be applied to support high value crops such as fruit trees 
and vegetables. Eroded areas on steep slopes should be avoided to minimize sliding and seepage 
erosion. Recycle and/or incorporate organic materials (e.g., crop residues, compost, and manures) to 
replenish soil organic matter and improve soil water-holding capacity whenever available and 
economically viable. Mulch cover that is left on the soil provide benefits to the ground surface like 
preventing compaction of the soil, improved retention of water, hindering weeds to grow, and reduced 
potential for erosion. 

CRITERIA 
• Steep slopes with thin soils should be avoided for cultivation. 
• Soil texture and depth to avoid waterlogging  
• Recycle residues and other organic materials by leaving the materials on site or through 
• composting (and spreading). 
• Rotate crops to reduce the presence of insects, disease, or weeds in the soil or crop 

ecosystems. 
BENEFITS 

• Reduces weed growth by keeping light from reaching the soil surface. 
• Reduces water loss from the soil surface, which helps maintain soil moisture. 
• Moderates soil temperatures, keeping it warmer on cold nights and cooler on hot days. 
• Protects bare soil, reducing erosion and soil compaction. 
• Protects plants from the harsh conditions of winter freezes, thaws, and win 

MANAGEMENT 
• Avoid use of mould board plough 
• Use Chisel plough to control weeds 
• Control weeds by hoeing and herbicides 
• Leave at least 30 % of crop residue on the ground 

LEAD DEPARTMENT 
 Department of Crops 

OWNERSHIP & RESPONSIBILITY 
• Land user 
• Local authorities responsible for land allocation 

LIVELIHOOD 
• Improved crop yields 
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• Reduced cropping input costs 
• Improved income due to change of multiple cropping 

METHOD STATEMENT 
METHODOLOGY 
1. Discontinue/ prevent burning of crop residues and weeds prior to planting. The stems of 

weeds should be broken or cut, leaving the roots in the soil to help bind it and leaving the 
broken or cut biomass on the soil as cover, Figure 6. As it decomposes it will return nutrients 
to the soil. The green matter will protect the soil from soil moisture evaporation and erosion. 
Mulch can also be harvest from other areas, such as vegetation barriers planted with 
appropriate vegetation, e.g., vetiver grass that is not palatable to livestock, Figure 7 and 
Figure 8. Mulch should NOT be grazed by livestock. 

2. Minimise removal of crop residues for fodder or fuel. 
3. Use minimum or zero tillage techniques to retain residues on the surface rather than 

cultivating them into the soil. 
4. Fertilize grain crops adequately to produce good yields and also substantial crop residue - 

which is the main source of organic mulches. 
5. Where crop residues are minimal and if it is practically feasible, permissible and sustainable, 

the application of plant residues from outside the cropping area will be beneficial to ‘prime’ the 
system. 

6. Where small-scale irrigation is practiced such as with treadle pumps, hand application of 
organic material will greatly improve irrigation efficiency and provide all the other benefits of 
mulching described above. 

7. The application of animal manure or compost will not only improve the nutrient status of the 
soil but will contribute to mulching. 

ILLUSTRATIONS/DIAGRAMS/PHOTOS 

  
Figure 10. Example of mulch. 

  
Figure 11. Example of mulching in the field. 
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Figure 12. Example of mulching in vegetable beds. 

EQUIPMENT REQUIREMENT 
• Pitchfork to spread mulch. 

WORK NORMS 
Assuming mulch is readily available on site, otherwise transporting the much to the site will also be 
required. 
Activity  Work norm  
Mulch spreading  150m2/pd    (rate of spreading 0.6m2 per 1.67min) 

Transporting mulch  0.7m/s (walking with bundle of mulch for 0.5m2) 
(wheelbarrow 0.3m/s) 

 
RISK MANAGEMENT 

• Too much mulch (layer more than 10 cm) can bury and suffocate plants 
• Mulch can contribute to rotting bark if piled tight around tree trunks and shrubs 
• Mulch near plant stems is perfect place for slugs, snails and tunnelling rodents 
• Some mulch types (especially wood-based), can steal nitrogen from soils  

VARIATION & ADAPTATIONS 
• Green manuring is the practice of planting a legume crop not as a cash crop but for 

incorporation into the soil to increase fertility levels and organic matter content of the soil. 
• Areas outside the field also need to be kept covered to prevent erosion. Plant useful plants 

such as Tithonia sp., comfry, tephrosia sp. That can be used in other processes on the farm 
such as composting, green manure. 

Condition Adaptation 
Soil Suitable for all soil types, and should especially be applied in areas of shallow soil 
Slope Should be applied on all slope gradients. Make sure it is well packed on very steep 

slopes to prevent washing down with rain. 
Rainfall Suitable for all areas of rainfall  
Altitude Appropriate for all altitudes 
Temperature 
range 

Appropriate for all temperature ranges, provides insultation in cooler months for 
plants. 

Consider using crop residues for other beneficial purposes—such as animal feed, bedding, or 
thatching—when leaving residues in the field is neither practical nor appropriate. 

In cases where crop residues are in excess of those needed for nutrient management, consider using 
them as a thermal energy source for agriculture processing or for the generation of heat. 

SEASONAL VARIATIONS 
It is best to apply plant material as a cover well before the planting season so that the bacteria which 
multiply while helping to decompose material do not compete with the seedlings for nitrogen. The 
mulch will also be in place before the erosive early rains begin. 

MAINTENANCE 
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The opportunity to build significant amounts of biomass mulch. Until a dense mulch of organic matter 
is achieved, weed infestation will remain a challenge and will require the use of herbicides. 

The use of chemical herbicides is expensive and requires specialist equipment and appropriate 
training. The effectiveness of some herbicides is reduced by mulch on the surface as high rates of 
organic matter 'tie-up' many chemicals. 

REFERENCES 
SPECIFIC DEFINITIONS 
Mulching - The process or practice of covering the soil/ground with organic material to make more 

favourable conditions for plant growth, development and efficient crop production. 

SEE ALSO GUIDELINES 
1. NO TILLAGE OR MINIMAL TILLAGE  
2. CROP ROTATION AND INTERCROPPING 
4. AGROFORESTRY 
5. IMPROVED LAND PREPARATION FOR PLANTING 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 

FURTHER REFERENCES 
a. Braid, S. (ED). (2019). WRC Green Village: Community-based Catchment Management 

Guidelines. Volume 2. WRC Report No. TT 793/2/19. Water Research Commission, Pretoria, 
South Africa. 

b. MFRSC 2014: SLM Toolkit 
c. Mishra, A. & Singh, P. K. 2019: Fundamentals of Soil and Water Conservation Engineering. 

Academic Publication C-11,169 Sector-3, Rohini, Delhi, India 
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4. AGROFORESTRY 
OVERVIEW 
Agroforestry makes maximum use of the land by growing of both trees and agricultural / horticultural 
crops on the same piece of land, designed to provide multiple products (tree and other crop). 
Agroforestry also helps return nutrients to the soil such as nitrogen and at the same time protect, 
conserve, diversify and sustain important economic, environmental, social and natural resources. 
Agroforestry provides essential products and services that can help relieve the pressure on the 
natural forest domain. The system also provide food, fodder, fruit, construction materials, medicine, 
honey etc. 

OBJECTIVES 
• Conserve soil water and energy resources 
• Broaden the range of production options 
• Produce multiple products per unit area 

CATCHMENT PERSPECTIVES 
In a catchment setting, Agroforestry provides opportunities to integrate production (income 
generation) with environmental protection (conservation, climate change mitigation) and enhanced 
landscape values. Agroforestry can be applied across the catchment, in particular at the top of slopes 
and on gentle to steep slope with soil depth that can allow the establishment/growing of trees. 

CRITERIA 
The land is managed for the benefit of the land users, environment and long-term welfare of society, 
on the slopes or hillside farming where agriculture practices may lead to rapid loss of soil. Almost all 
croplands can benefit from agroforestry. The interaction between crop and tree must be considered. 
Lack of competition from the tree for crop resources (sunlight, water, nutrients) is important. Species 
selection – there are a number of species recognized as especially useful agroforestry trees. 

BENEFITS 
• Use tree roots to stabilise soil to control runoff and soil erosion, thereby reducing losses of 

water, soil material, organic matter and nutrients. 
• Maintain soil physical properties through organic matter maintenance and the effects of tree 

roots. 
• Improving wildlife habitat and harbouring birds and beneficial insects which feed on crop 

pests. Tree biodiversity improves aesthetics to the landscape. 
• Nitrogen-fixing trees & shrubs can substantially increase nitrogen inputs to the soil; and 

carbon sequestration from the air into the tree biomass. 
• The decomposition of tree litter substantially contributes to maintenance of soil fertility thereby 

leading to large increases in crop yields. 
• Provide a more diverse farm economy and stimulate the whole rural economy. 
• Medium and long-term production of fruits. 
• Long-term production of fuel. 
• Increase of total production to eat or to sell. 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Soil conservation  
• Department of Forestry 
• Department of Crops 

 
OWNERSHIP & RESPONSIBILITY 

• Farmers 
• Communities 
• Local authorities 

LIVELIHOODS 
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The trees provide shade and food production, dead wood can be used for energy, while the animals 
provide manure. 

METHOD STATEMENT 
METHODOLOGY 

1. The key methodology is the integration of trees into crop farming 
2. Trees are selected for their value as windbreaks, sources of humus and fertilizer (especially 

nitrogen-fixing trees), shade and sometimes fodder 
3. Trees may be evergreen or deciduous - depending on companion crop and primary purpose 
4. Agroforestry trees are generally grown in nursery situations for in-field planting. Faidherbia 

albida however should be established directly in-field due to the sensitivity of its taproot on 
transplanting 

5. Trees are harvested, and new trees planted, when productive benefits decline. This is done 
on a selective basis 

6. Plan the features of soil erosion control, earthworks, and gully maintenance. 
7. Identify which tree species are suitable for which activity (soil control, etc.) and needs 

requirements (fruit, nitrogen fixing, fuel wood, etc.). 
8. Plan spacing of fruit trees according to final spacing requirements. 
9. Select the most competition tolerant crops for the intercropping. 
10. As large permanent trees grow, adjust planting plan to place shade tolerant crops in most 

shady areas. Plant trees in tree baskets to provide opportunity to establish and prevent oats 
and other livestock eating them while they are establishing. 

11. Trees should be planted in Planting pits or planting ponds, to collect runoff to help to “water” 
them. Loosely mulch around the tree in the planting pit. 

12. Always keep the ground covered, using various crops-to protect soil from sun and erosion. 
 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

 
Figure 13. Example of agroforestry on upper slopes, reducing runoff from the top of the slope. 

  
Figure 14. Example of agroforestry in the field. 
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Figure 15. Example of a tree basket, to prevent goats and over livestock eating the trees while they 
establish. 

EQUIPMENT 
• Shovel 
• Tree saplings 
• Compost/manure 
• Water 

WORK NORMS 
Labour to dig holes for planting and watering. 

Activity  Work norm  
Plant Tree pit:  

Soft soil 
 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person  
27min/1.5m3/person 

Mulching 150m2/pd    (rate of spreading 0.6m2 per 
1.67min) 

Walking speed wheelbarrow 0.3m/s 

RISK MANAGEMENT 
• Select tree species suitable for the climate and soil conditions. 
• Ensure the trees are watered regularly else they will die. 

VARIATIONS & ADAPTATIONS 
• Various practical aspects of agroforestry can be adapted for the highlands and lowland slopes 

/hillsides where particular attention is placed on multiple purpose of providing fuel, fruits, 
fodder, soil conservation and improvement of soil fertility. 

• Consider other values in crop selection to include proper nutrition, self-sufficiency and soil 
protection.  
 

Condition Adaptation 
Soil Suitable for all soil types. 
Slope Should be applied on all slope gradients. Especially at the top of steep slopes 
Rainfall Suitable for all areas of rainfall  
Altitude Appropriate for all altitudes, select species accordingly 
Temperature range Appropriate for all temperature ranges, select species accordingly 
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SEASONAL VARIATIONS 
Plant trees and crops, which information for each species include its benefits, adaptability to 
local conditions (climate, soil, and stresses), the size and form of the canopy and root system, and 
suitability for various seasons of the year.  

The choice of crop plants and trees in designing agroforestry should be based on those crops already 
produced in a particular area either for marketing, feeding animals, or for home consumption, or that 
have great promise for production in the area.  

MAINTENANCE 
• Watering the trees. 
• Pruning or coppicing if necessary. 

REFERENCES 
SPECIFIC DEFINITIONS 
Barter: a system of exchange in which participants directly exchange goods/services for other 
goods/services without using a medium of exchange, such as money. 
Intercropping growing a crop among crop plants of a different kind, usually in the space between 
rows. 
SEE ALSO GUIDELINES 
1. NO TILLAGE OR MINIMAL TILLAGE  
2. CROP ROTATION AND INTERCROPPING 
3. MULCHING (SOIL COVER) 
5. IMPROVED LAND PREPARATION FOR PLANTING 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 
27. PLANTING PITS / PLANTING PONDS 
34. WOODLOTS 

FURTHER REFERENCES 
a. https://www.agroforestry.co.uk/about-agroforestry/ 
b. https://www.agroforestry.org/ 
c. https://www.worldagroforestry.org/about/agroforestry 
d. Braid, S. 2019. WRC Green Village: Community-based Catchment Management Guidelines. 

Volume 2. WRC Report No. TT 793/2/19. Water Research Commission, Pretoria, South Africa. 
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5. IMPROVED LAND PREPARATION FOR PLANTING  
OVERVIEW 
Land preparation is a tool to enhance good yield from crops grown in the fields. Land preparation 
provides the best soil conditions for the successful establishment of plants. Although many plants 
can grow in less-than-ideal conditions, to optimize the harvest, preparing the soil before planting 
ensures the plants get the nutrients and water they need to thrive and yield crops productively. 

OBJECTIVES 
• To create a favourable environment for the plants to germinate and grow. 
• Develop potential plant growth, survival of a crop about to be established. 
• Improve soil structure (better ventilation, permeability, and loosening of the root zone) to 

make root penetration easier. 
• Reduce the factors that limit plant growth (weeds). 

CATCHMENT PERSPECTIVES 
Once a suitable area for establishing the crops variety is selected and the planning operation is 
finalised, the actual preparation is activated. The implementation process starts in order to be ready 
for planting at the most suitable time, according to the specific area climatic conditions. This 
intervention is appliable throughout the catchment. Cultivation on extremely steep slopes should be 
avoided. 

CRITERIA 
Suitable for gentle to moderate slopes where cultivation cannot exacerbate soil wash off. 

Annual crop production produces Green House Gas (GHG) emissions, including methane, nitrous 
oxide, and carbon dioxide from different stages in the production cycle. Carbon is stored in the crop’s 
residual biomass above and below ground, as well as in the soil ecosystem. The loss of stored carbon 
in the land occurs primarily during harvest and farm establishment. During ploughing and burning of 
crop residue this carbon is released as carbon dioxide into the atmosphere contributing to climate 
change. Extensive use of chemical fertilizers also releases NOx emissions. These emissions must be 
managed through farm site preparation and using conservation agriculture practices as much as 
possible. Managing soil health and nutrition will reduce the need to convert more grassland/forest into 
farmland to meet the same productive yields. 

 BENEFITS 

• Enhanced crumb formation which improves the respiration of the roots; 
• Increases the water infiltration rate; 
• Increases the water holding capacity; 
• Lowers soil compaction and crust formation; and 
• Limits the harmful effects of alkalinity and improves the leaching of salts. 

MANAGEMENT  
LEAD DEPARTMENT 
Department of Crops 

OWNERSHIP & RESPONSIBILITY 
• Farmers 
• Communities 
• Local authorities 

LIVELIHOODS 
Land preparation enhances good yield from crops grown in the fields. 

METHOD STATEMENT 
METHODOLOGY 
Ploughing – tractor or manual effort over the soil so as to cut, break and invert the soil, Figure 17.  
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Harrowing – smoothing and pulverizing the soil. Here weeds would be drawn out of soil and also mix 
fertilizers with the soil. This step would also bring soil moisture up, Figure 16. 

Levelling - improvement in value of land and to make arrangement for application. 

 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

  
Figure 16. Example of land preparation with heavy machinery – harrowing.  

  
Figure 17. Example of land preparation with ox drawn ploughing. 

EQUIPMENT 
• Animal drawn ploughs, harrows 
• Hand tractor fully equipped 
• Tractor fully equipped 
• Hoe 
• Disc harrows 
• Rotavators 

WORK NORMS 
Activity  Work norm  
Ploughing by hand  0.5-1.0m/s 
Harrowing by hand 0.5-1.0m/s 
Levelling by hand 0.5-1.0m/s 
Seeding 12m2/pd  (0.8pd/m2) 
Brush on site  
 
Spread 1 bundle  
(mulch, brush, etc.) 
 
Walking with bundle 
(brush or mulch) 

150m2 / pd 
 
100seconds / 0.6m2 

 

 

0.7m/s  
(bundle = 0.5m2) 

 
RISK MANAGEMENT 
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• Avoid ploughing in wetland and river buffer areas, rather maintain proposed buffer areas. 
Implement no/minimal tillage technique to reduce damage of soil structure and retain soil 
moisture. 

• Plan soil preparation when weather conditions pose the lowest risk of causing environmental 
damage. 

• Do not apply pesticides, chemical fertilizers, or manure if weather conditions are likely to 
result in adverse impacts in surrounding communities, e.g., do not apply during, or just before 
rain events to prevent the chemicals washing off the field into drinking water supplies. 

• The following activities and strategies can prevent and control GHG emissions: 
o Avoid conversion of high-carbon stock areas, such as natural forest and 

peatlands/wetlands. 
o Avoid open burning of biomass during site preparation, field operations, and post-

harvest. 
o Protect soils from the loss of organic matter by implementing good soil conservation 

management practices. 
o Increase soil organic carbon stocks through land management techniques. 
o Maintain and rehabilitate degraded areas and vegetative buffer zones to increase 

carbon stocks. 

VARIATIONS & ADAPTATIONS 
Planting to start once the anticipated harsh climatic conditions are over in the mountain and foothills 
zones. Planting in the mountain zone starts as early as August taking advantage of the moist 
conditions following snow fall. In the lowlands land preparation process starts immediately after the 
maize stubble is removed. Plants should be protected against some wild and domestic animals as 
these will attracted to the plantings that green faster that indigenous plants  

SEASONAL VARIATIONS 
Time of planting should be at the time of the year that will ensure a good survival rate and proper 
establishment. There are severe frosts during winter so planting is during August/September which is 
a time safe from the occurrence of frost in the mountain. In lowland areas planting starts around 
November during the approach of great heat. Start of Summer is the best time for seedling 
establishment 

Spring avoids the cold of winter and takes advantage of the warming weather that encourages 
growth. Each of the two seasons, however, has its corresponding disadvantage: summer approach of 
the great heat, and winter, Strong, dry winds and approach of the cold. 

Avoid tilling the land when soil is too moist to avoid equipment sinking. 

When tillage layers are too deep then subsequent operations such as walking, hand tractor passes or 
combine harvesting can have problems. · 

Plough on moist soil and re-plough or run the disc (plough) after two weeks just prior to planting to kill 
germinating weeds if you are using the tractor. 

MAINTENANCE 
 

REFERENCES 
SPECIFIC DEFINITIONS 
 
SEE ALSO GUIDELINES 

1. NO/MINIMAL TILLAGE 
2. CROP ROTATION AND INTERCROPPING 
3. MULCHING (SOIL COVER) 
8. CONTOUR BUNDS / VEGETATION RIDGES 
10. RE-SEEDING AND REHABILITATION – RANGELANDS 
28. SILT TRAPS 
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FURTHER REFERENCES 

a. http://www.fao.org/3/Y4360E/y4360e0a.htm 
b. https://www.kalro.org/cropsknowledgebank/index.php/step-by-step-preparation/pre-

planting/land-preparation 
c. https://www.agrifarming.in/land-preparation-types-methods-objectives-advantages 
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6. TERRACES 
OVERVIEW 
Terracing is the practice of constructing multiple stepped earth embankments the slope of field in 
order to maximise productivity, especially on steep slopes and control erosion of soil. This objective is 
achieved by terraces that provide for the interception and diversion of runoff or the impounding of 
surface runoff for enhanced absorption. Depending on the steepness of the slope there are key 
common types of terracing, those of Bench and Radical terraces. 

OBJECTIVES 
• To control concentrated runoff by  
• to reduce soil losses through enhanced retention and infiltration of runoff,  
• improve soil moisture availability 
• to promote permanent agriculture on steep slopes and  
• to promote land consolidation and intensive land use. 

 
CATCHMENT PERSPECTIVE 
Graded terraces are constructed on slopes of 3 – 12%, and their primary purpose is to remove excess 
runoff water from the farmland in a way that minimizes erosion; and carry the intercepted runoff to a 
safe outlet at non erosive velocities, Figure 13.  

Level terraces are constructed on slopes that are < 5% and on good permeable soils, with their 
primary purpose being moisture conservation within the fields in low to moderate rainfall regions.  

The bench terraces are step like terraces constructed on very steep slopes (10 – 35%); they may be 
level, graded reverse slope or irrigation benches. Bench terraces find application where construction 
of other types of terraces would be impossible due to excessive steepness.  

CRITERIA 
Terraces are more effective in controlling runoff than contouring and strip cropping, and their functions 
are listed below: 

• Terraces are constructed within fields to decrease the length of slope of the farmlands, 
thereby reducing sheet and rill erosion and preventing formation of gullies. 

• Terraces reduce flooding within fields. 
• Graded terraces intercept and carry runoff at non erosive velocity to a safe outlet. 
• Level terraces retain runoff for moisture conservation within farmlands. 
• Bench terraces permit cropping on very steep slopes. 

BENEFITS 
• Increased crop yields because of increased soil moisture 
• Reduced surface runoff and soil loss 
• Reduced downstream flooding and siltation downstream 
• Increase water quantity and improved quality 
• Reduce hazard towards adverse events 

MANAGEMENT 
LEAD DEPARTMENT  
Department of Crops, Department of Soil and Water Conservation 

OWNERSHIP & RESPONSIBILITY 
• Farmer 
• Community 
• Landowner 

LIVELIHOOD 
Increased area for production on steep slopes and maximum use of soil moisture and nutrients, 
contributing to improved productive yield for food security and income generation. 
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METHOD STATEMENT 
METHODOLOGY 

1. Calculate the slope to determine the spacing between the terraces. Starting at the BOTTOM 
of the slope, mark out the contour lines for each terrace you plan to build. If necessary, adjust 
the position of the pegs so that each line forms a smooth curve, (refer Annexures C: 
Calculating Slope, D: Building and using an A-frame and F Terrace Calculations). Use 
the pegs or stakes to mark out each 
contour line.  

2. Dig a trench about 40cm deep and 
60cm wide along the first contour line. 
Place the excavated soil on the 
upslope side of the trench. 
Indicative terrace spacing and 
dimensions based on slope: (for 
detailed calculations refer Annexure F) 

Slope Distance between 
terraces (metres) 

Terrace height 
above ground 
level (metres) 

Terrace heigh 
above bottom 
trench (metres) 

Percent Ratio 
(rise: run) 

10% 1:10 8.0 0.8 1.2 
15% 1:6.7 5.3 0.8 1.2 
20% 1:5 4.0 0.8 1.2 
25% 1:4 3.2 0.8 1.2 
30% 1:3.3 2.7 0.8 1.2 
35% 1:2.8 2.3 0.8 1.2 
40% 1:2.5 2.0 0.8 1.2 

 
3. Start building the terrace wall by placing large 

stones along the base of the trench. Place the 
biggest stones on the down-slope side to 
create an “anchor line” and place smaller 
stones on the up-slope side. Use small stones 
to fill any gaps between the larger stones. 
Pack the stones so that they lean back against 
the soil to ensure that the wall remains stable.  

4. Move to the next marked contour line and build the next terrace wall by repeating steps 2 and 
3. 

5. Level the soil excavated from the terrace foundation up against the back of the constructed 
wall. If you need more soil dig away the upper part of the terrace and spread it across the 
terrace. Make sure you do not dig more than 30cm near to the upper wall, so that you do not 
undermine the foundation of the next terrace wall.  

6. Use an A-frame and a rake to get the soil level. You will now have 
two terrace walls and level terrace of soil between the walls for 
planting. The final soil surface must be at least 10cm lower than 
the front terrace wall so that erosion does not take place.  

 

ILLUSTRATIONS/DIAGRAMS/PHOTOS 

RE-DRAW 6 

RE-DRAW 4 
& make text 
visible 

RE-DRAW 5 
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Figure 18. Example of cross section of bench terraces 

  
Figure 19. Example of graded terrace. 

RE-DRAW 7 
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Figure 20. Example of terracing in Lesotho. 

 
Figure 21. Example of ridge back slope constructed of stacked tyres, ready for planting. 

EQUIPMENT 
• Manual construction:  

o Spades, 
o Pick axes 
o Wheelbarrows 
o Hoes 
o Stones 
o Stakes or measuring pegs 
o String 
o A-frame and line level 

• Mechanical Construction: 
o Plow and oxen 
o Tractor or bulldozer 

WORK NORMS 
Activity  Work norm  
Walking speed with 
wheelbarrow 

0.3m/s  

Walking speed with rock 0.34m/s  
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(area covered by rock) (0.04m2) 
Placing of rock 8.3min/ m2/ person 
Planting pond - soft soil 
                  -medium soil 
                       -hard soil 

11min/pond 
17min/pond 
23min/pond 

Trenching        -soft soil 
                  -medium soil 
                       -hard soil 

6.3min/0.9m3/person 
9.5min/0.9m3/person 
12.7min/0.9m3/person 

Plant Tree pit:  
Soft soil 

 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person 
27min/1.5m3/person 

Slope Shaping          
  soft soil 

                 medium soil 
                      hard soil 

 
5.2m3/pd  

3.8m3/pd 
2.9m3/pd 

Contour bund 
Soft soil 

 Medium soil 
      Hard soil 

(dig furrow and ridge soil) 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Drain trenching: 
Soft soil 

 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person 
22min/1.5m3/person 

Grass sodding - drains 5min/1m2/person 
 

RISK MANAGEMENT 
It is important that the terraces are correctly selected and laid out. Refer to Annexure F for guidance 
on the necessary calculations. 

VARIATION & ADAPTATIONS 
• There may be a need for realigning the stake lines. Realigned sections in the terraces should 

be graded in proportion to their diversion from the staked line. Cuts should be done on ridges 
while fills are made in depressions. The fill may be made by raising the ridge, or the low spot 
may be filled in and graded to the adjacent area. 

• The ridge back slope can be vegetated, or even constructed with stone masonry or stacked 
old tyres that can be planted, Figure 14. 

Condition Adaptation 
Soil Suitable for all soil types, but caution in clay soils which are prone to 

waterlogging ensure adequate drainage, and caution on highly erodible soils 
that the runoff gradient is not too steep and other erosion prevention measures 
are implemented e.g., conservation agriculture techniques. 

Slope Can be applied on all slope gradients.  
Graded 3-12% 
Level <5% 
Bench 10-33% 

Rainfall Suitable for all areas of rainfall, rainfall required for crop production.  
Altitude Appropriate for all altitudes 
Temperature 
range 

Appropriate for all temperature ranges. 

 

SEASONAL VARIATIONS 
• Construction should be done during the dry period 
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MAINTENANCE 
Terracing requires frequent maintenance. After the rainy season each year, terraces should be 
checked, and any broken line along the ridge repaired. Failure of one single terrace will adversely 
affect the entire terracing system. Terrace ridges must be grassed and protected from grazing and 
trampling by livestock. 
 
REFERENCES 
SPECIFIC DEFINITIONS 
 
SEE ALSO GUIDELINES 
1. NO TILLAGE OR MINIMAL TILLAGE  
2. CROP ROTATION AND INTERCROPPING 
3. MULCHING (SOIL COVER) 
4. AGROFORESTRY 
8. CONTOUR BUNDS AND VEGETATION RIDGES 
 
FURTHER REFERENCES 
a. Denison, J. Smulders, H., Kruger, E., Ndingi, H., and M. Botha (2011). Water Harvesting and 

Conservation. Volume 2 Part 1: Technical Manual and Farmer Handouts. WRC tt493/11. Water 
Research Commission, Pretoria, South Africa. 

b. Department of Soil and Water Conservation (2012). Soil and Water Conservation Operations 
Manual. Kingdom of Lesotho   
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7. RIPARIAN BUFFERS 
OVERVIEW 
Some of the most productive farming areas are on stream/riverbanks because of the fertile silt and 
ease of access to water. However, this practice results in the loss of important riparian vegetation 
which amongst other things helps to clean the water, reduce flood flows, trap sediments, provide food 
and is also an important habitat for biodiversity.  

OBJECTIVES 
• Control runoff and concentration of flows from hillslopes.  
• Trap sediment from hillslopes before entering a stream/river. 
• to act as a filter for potential nutrient runoff from the land. 
• Reduce risk of flooding, siltation, landslides. 
• Stabilise and protect riparian areas from erosion. 
• Protect riverine function and habitat. 

CATCHMENT PERSPECTIVES 
• Riparian buffer zones should be demarcated and protected according to legislation.   
• Riparian buffer zones must not be cultivated, even under high pressure for agriculture land. 
• Protection and sustainable use of riparian buffer zone critical to reduce/buffer impacts of land 

use on stream flow and sedimentation. 

CRITERIA 
• Establish and respect setbacks and buffer zones in riparian areas. Buffer widths should be 

based on the specific risk, land management regime, and slope of the area. 
• Farming activities along riverbanks and floodplains 
• Land use activities, infrastructure, development along riverbanks 
• Protecting land use activities from effects of flooding 
• Reducing impacts to water resources from land use activities e.g., sediment and waste. 

BENEFITS 
• Uncultivated stream banks with natural vegetation provides better and more permanent 

protection to erosion than physical structures  
• Riparian buffer zones can significantly reduce stream flow concentration and sedimentation 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Water Affairs 
• Department of Environment  

OWNERSHIP & RESPONSIBILITY 
• Chieftainship 
• Community 
• Landowner 
• Land user 

LIVELIHOODS 
Maintaining the ecological functions of riverbanks provides for livelihoods through flood attenuation, 
sediment trapping, improving water quality, and provision functions e.g., reeds for weaving. The 
buffers protect the riverbank integrity. 

METHOD STATEMENT 
METHODOLOGY 
1. Demarcate a strip to cover both banks of the stream channel. The width depends on the size 

of the steam. Approximately:  
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Stream/river width: 0-1m 1m-3m >3m 
Barrier width per bank: 5m 15m 30-40m 

2. Plant Vetiver or Napier grass inside the strips. Space Vetiver and Napier at 0.45 x 0.2 m (See 
Guideline A.4.5 Vegetation barriers and Guideline A.3.2 Contour vegetation rows) 

3. The Vetiver, Napier and Bamboo vegetation can be combined with shrubs such as Sesbania 
sesban at a spacing of 0.45 x 0.45 m 

4. Trees can be planted in strips at 2 x 2 m (2 spades by 2 spades). Tree species that are 
recommended include Acacia galpinii, A. polyacantha, A. seiberiana, Faidherbia albida, Ficus 
natalensis, F. capensis, F. sycomorus, Khaya nyasica, Rauvolfia caffra, Syzygium cordatum, 
Trichilia emetic, Ziziphus abyssinica, Z. mauritiana and Z. mucronata. See Bunderson et al., 
(2002) for information on nursery production and outplanting 

5. Where trees and shrubs are used, leave a 1 m (1 spade length) strip on each side of the 
channel for grass regeneration to increase surface roughness for reducing water runoff. 

6. DO NOT allow livestock to graze in the buffer area. Grasses may be harvested for fodder, but 
grazing will lead to damage of riverbanks. Identify ad demarcate clear cattle crossing/watering 
areas (Refer Guideline 28 Livestock watering on riverbanks). 

Where riverbanks require rehabilitation in order to implement riparian buffers, the following can be 
applied (from Coetzee, 2005): 

 

 

 

 

 

RE-DRAW 7 
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RE-DRAW 8 
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Figure 22. Example of a clearly defined riparian buffer. 

EQUIPMENT 
• Vetiver or napier grass for the barriers 
• Coloured rocks to demarcate barrier edge 
• Spade and slasher 

WORK NORMS 
Activity  Work norm  
Bank sloping:   

 Soft soil 
               Medium soil 

              Hard soil 

 
5.2m3/pd  (with geotextile 3.8m3/pd) 
3.8m3/pd  (with geotextile 2.8m3/pd) 
2.9m3/pd  (with geotextile 2.1m3/pd) 

Plant ponds:      
Soft soil               

Medium soil 
Hard soil 

 
11min / pond 
17min / pond 
23min / pond 

Plant Tree pit:  
Soft soil 

 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person  
27min/1.5m3/person 

Fencing posts 
Soft soil 

 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
25min/1.5m3/person  
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 

RISK MANAGEMENT 
• Some of the most fertile soil is located in this buffer area, so it will require community 

engagement and support to implement the buffers.  
• Require provision of planting material. 
• Some of the planting materials are needed to be grown in nurseries. 

VARIATIONS & ADAPTATIONS 
Floodplain / valley bottom Riparian buffer zone 
Topography Flood peak 

depth  
Large/wide and 
flat 

Low In cases where pressure on agricultural land is high on areas with 
large flat floodplains – Plant permanent grasses or fodder around 
stream buffer zone and permanent crops, such as bananas, sugar 
cane, napier grass, in outer floodplain area 

Small/narrow 
and steep 
sided valley 

High Plant permanent grasses and fodder in floodplain/valley bottom and 
permanent crops (bananas, sugar cane) with soil conservation 
measures outside floodplain/valley bottom 
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Where cultivated in the flood plain is already happening, and there is no support for implementation of 
the buffer protection zone, the field layout should consider the following: Where there is cultivation in 
the flood plain, then intervals of bands of thick and stable annual vegetation such as vetiver grass 
should be planted in strips away from the river, these act as groynes during the flood water to protect 
the field immediately behind it. 

 

Condition Adaptation 
Soil Suitable for all soil types. 
Slope Can be applied on all slope gradients. Very steep riverbank slopes then only 

buffer should be implemented. 
Rainfall Suitable for all areas of rainfall 
Altitude Appropriate for all altitudes 
Temperature 
range 

Appropriate for all temperature ranges. 

SEASONAL VARIATIONS 
• June – August: Organise production of nursery seedlings for planned buffer zones and stream 

bank protection. 
• November – January: Plant selected tree seedlings and grasses in identified areas. 

MAINTENANCE 
• Check for erosion and bank collapse along riverbank. Implement bank protection measures 
• Vetiver needs to be cut back regularly.  
• Nurseries required for seedlings. 

REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO GUIDELINES 
8. CONTOUR BUNDS AND VEGETATION RIDGES 
27. RIVER CROSSING FOR CATTLE 
28. SILT TRAPS 
29. GULLY RECLAMATION 
FURTHER REFERENCES 

a. Coetzee, K. (2005). Caring for Natural Rangelands. University of KwaZulu-Natal Press, South 
Africa. 
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8. CONTOUR BUNDS / VEGETATION RIDGES  
OVERVIEW 
Poor runoff management contributes significantly to soil erosion. Contour bunds and vegetated ridges 
aim to reduce the velocity and volume of runoff, in order to reduce soil erosion, increase infiltration 
and trap sedimentation before reaching downstream areas. The infiltration of runoff water will 
increase soil moisture for crop watering. The ridges can be vegetated including with agroforestry or 
other beneficial tress or fodder grass that can be cut for livestock feeding. 

Contour ridges/bunds are earth or stone bands, 1.5m to 2m wide, across the contour of the slope to 
function as a barrier to runoff. They form a water storage area on their upslope side and break up a 
slope into segments short enough in length to avoid generating overland flow. 

Contour bunding is a proven sustainable land management practice for marginal, sloping, and hilly 
land where the soil productivity is very low.  

The principle behind ridging and tied ridging is to prevent the build-up of runoff water both volume and 
velocity/speed. Contour ridges/Bunds also enable surface water storage in two ways: 

• Making ridges and furrows 
• Damming the furrows with small mounds  

OBJECTIVES 
Contour ridging forms part of the complete water run-off plan and connects to the grassed channel. 
The aim of contour ridges/bunds are to: 

• Prevent too much water from running down-slope too fast. 
• It reduces the length of slope which in turn reduces the potential for soil erosion from the 

runoff. 
• Increases the impoundment/retention and infiltration of rainwater for some time and providing 

for recharge into the soil which helps in crop cultivation. 
• Reduces sediment from soil erosion reaching the stream and causing siltation and flooding. 
• Harvest runoff water, especially with tied/box ridging. 

CATCHMENT PERSPECTIVE 
Contour ridges/bunds are appliable throughout the catchment, especially on slopes that are cultivated 
or areas with high runoff and prone to soil erosion e.g., overgrazed rangeland areas. It reduces the 
length of slope which in turn reduces the potential for soil erosion from the runoff. 

It is important to involve the whole community during planning; in order to avoid compromising runoff 
and erosion control results from individual farm fields, contour ridges/bunds should be aligned across 
fields. They can be planted with grasses or trees for stability, and additional productive yield. 

CRITERIA 
• Tied ridging technique is only suitable for slopes up to 7%. 
• Construct during dry season to allow time for realigning ridges. 
• Height of ridges is usually 30-40 cm. 
• Interval between contour ridges varies according to slope gradient. 

BENEFITS 
• Conserve soil moisture for crop production. 
• Improved crop and pasture yields. 
• Increased ground water recharge. 
• Labour requirements are relatively low; but increases for constructing tied ridges. 
• Other practices can be incorporated. 

MANAGEMENT 
LEAD DEPARTMENT 

 Department of Crops 
 Department of Soil and Water Conservation 
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OWNERSHIP & RESPONSIBILITY 
 Farmers 
 Landowners 

LIVELIHOOD 
The construction of the ridges or bunds is labour intensive. The increased infiltration of water into the 
soil and coupled with agroforestry practices increases the soil productivity. The reduction in runoff 
contributes to reduced soil erosion and loss of fertile soil and productive land area. 

METHOD STATEMENT 
METHODOLOGY 
Any severe erosion damage must be repaired before setting out the contour lines. Bunds at 
previous erosion gullies must be further reinforced as they are weak areas. 
Contour bunds/ridges can be built by hand for fields about 1ha. Where suitable and available, 
mechanical measures can be used such as with a mono-directional plough or discovator. Working in 
a counter-clockwise direction, or horse drawn plough, soil is moved from the channel to the bank.  
 
Contour ridging 

1. Mark and build contour lines between harvesting time, pre-planting and clearing. 
2. Start about 20 m below upper corner of the field. Mark the 1st contour line across the slope 

with a line level, A-frame by inserting pegs at regular intervals along the contour line. See 
Annexure D: how to measure a contour line using an A-Frame. 

3. Based on the slope advised distance (Refer section: Variations & Adaptation), move down to 
next contour line and mark the 2nd contour line across the slope.  

4. Repeat marking contour lines until the whole field/slope is pegged. Ideally contour lines 
should line-up or join across neighbouring fields. 

5. Mark on the ground the length of the contour, as a straight line using the pegs as indicators. 
Do not simply join the pegs, to ensure there are no steps in the line, but that it is a smooth 
straight line. Shorten the string of the line level to half its length for smoothing on irregular 
terrain. 

6. Dig a shallow furrow (about 50 cm wide and 30 cm deep) along each contour and put the 
soil on the down-slope side of the furrow to create a ridge (about 30-40 cm high). 

7. Crops, as a protective barrier, are planted in two rows, one on either side of the ridge and the 
furrow. With regular cropping on the slope in between the contour ridges/bunds. 

8. Ridge/bund can be planted, Figure 29: 
a. Grassed - e.g., Vetiver to trap silt, Napier grass to provide fodder to livestock, or 

creeper crops that will stabilise the soil of the ridge. Grass for fodder should be harvested 
rather than grazed to prevent damage to the bunds. OR 

b. Agroforestry - On varied contour ridges, plant two to three seeds per hill or slope. 
Cover the seeds firmly with soil. When fully grown, the hedgerows bank the soil and 
serve as source of fertilizer and nitrogen fixing. Example of hedgerow species are 
desmodium (Desmodium sp.) and leucaena (Leucaena diversifolia) in higher altitudes 
which can be harvested for poles, fuel wood and charcoal, and fodder for livestock 
(not more than 50% of the diet for ruminants and 10% for non-ruminants). 

Tied/box ridging 
9. Construct tied ridges across entire furrow perpendicular to contour ridge/bund, but only two 

thirds of the height of the contour ridges, in order to allow spill-over. 
10. Space tied ridges 1-3 m apart depending on terrain and rate of water flow within the field. 
11. Move to the next furrow and repeat step 10 but locate the tied ridges half-way between those 

in the previous furrow. 
12. Repeat steps 9 and 10 until the whole field is 

covered. 
13. Tied ridging technique is only suitable for 

slopes up to 7%. 
Contour Vegetation 
Establish grass nurseries and prepare planting material  

1. Prepare nursery sites. Sites should be close to 
water. 

A clump of grass (1) can be divided into a slip (2) 
and trimmed (3 and 4) for optimal growth. 

RE-DRAW 9 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 59         

2. Collect vegetation clumps for nursery (i.e., 7-ton truckload will plant 0.5ha) and plant within 48 
hours. 

3. Plant slips 45 x 45cm apart and press soil firmly around each. 
4. Trim leaves to 30cm to promote tillering and fast growth. 
5. After 1 season, trim to 15cm and dig out clumps with roots. Leave 30% of clump for 

regeneration. 
6. For Vetiver, divide clumps into slips with 3-4 tillers each and 5-10cm roots. 
7. For Napier, divide clumps into cuttings that are 20-30 cm long with 4-5 nodes. 

 

Planting contour ridges  
1. Mark contour ridges by the same process as contour ridging. The intervals between the ridge 

lines should be marked according to the spacing indicated in the table. 
2. Re-align planting ridges by following step 7 for contour ridging. 
3. For Vetiver, plant slips within 48 hours in furrow 10 cm apart. 
4. For Napier, push stem cutting 8-10cm into soil at 45° and 20cm apart with at least 2 nodes 

buried. 
5. Press firmly around each slip/cutting. The flat side of vetiver must be perpendicular to the 

slope (facing downwards) to encourage dense lateral growth which minimises gaps in the 
vegetation. 

Spacing Table: 
 Rainfall Soil Slope Topography 
Vetiver grass Semi-arid to high rainfall Wide range 

<12%  Even topography not 
required Napier grass* preferably >1000 mm/yr.   

Slope of field <5% (gentle) 5-15% (moderate) >15% (steep) 
Contour Ridge spacing guideline  15 m 10 m <5 m 

Amount of slips/ha 7 000 10 000 20 000 

*Napier grass requires regular trimming to prevent spreading and competing with crops. 

 
ILLUSTRATIONS/DIAGRAMS/PHOTOS 

 
Figure 23. Schematic of a stone bund. 

RE-DRAW 10 
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Figure 24. Laying out the contour lines using an A-Frame. 

 

 
Figure 25. Illustration of contour bunds or ridges across a slope. 

 
Figure 26. Schematic of an earthen contour bund / ridge and resultant furrow. 

Furrow 

RE-DRAW 12 

RE-DRAW 11 
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Figure 27. Illustration of the ties across the furrows of each ridge/bund. 

 
Figure 28. Example of vegetated contour ridges, (S. Braid). 

 

Tie ridges Interval 1-3m 
RE-DRAW 13 
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Figure 29. Layout of the cut-off drain and contour ridge/bunds draining into a grassed/vegetated 
waterway to control runoff from a slope. 

EQUIPMENT 
• Pegs 
• Line level / A-frame 
• Tape measure 
• String 
• Hammer / stone 
• Spade 

WORK NORMS 
Activity  Work norm  
Contour bund 

Soft soil 
 Medium soil 
      Hard soil 

(dig furrow and ridge soil) 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Shallow Trenching:                    
Soft soil 

Medium soil 
   Hard soil 

 
6.3min/0.9m3/person 
9.5min/0.9m3/person 
12.7min/0.9m3/person 

Earth berm:    
       Soft soil 
 Medium soil 
      Hard soil 

 
2.0m3/pd 
1.3m3/pd 
1.0m3/pd 

Grass sodding 5min/1m2/ person 
Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 

RISK MANAGEMENT 
• Waterlogging can occur during heavy rainfall. 
• Avoid tracks over- and livestock grazing on the bunds, to prevent damage to the buds. 

RE-DRAW 14 
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• Tied ridging suitable for slopes up to 7%. 
• Smoothing of contour lines on irregular terrain can cause runoff problems and erosion. 
• Increased erosion with overtopping of ridges when rainfall exceeds furrow storage capacity. 
• The contour ridges/buds and associated furrows must empty into a formal runoff management 

system such as grassed/vegetated waterways to prevent rill and gully formation from 
footpaths and field boundaries, especially if tied ridges are not used. 

VARIATION & ADAPTATIONS 
• Tied ridges should be used where the choice is for maximum storage of runoff water and 

reduction in erosion. Tied/box ridging limit runoff outflow from ridge furrows at the field 
boundaries. 

• Grass barrier strips planted along the contour. They are planted with fodder grass such as 
Napier or are left with natural grass. They are effective soil conservation measures on soils 
that absorb water quickly. 

• On varied contour ridges, plant two to three seeds per hill at a distance of about. Cover the 
seeds firmly with soil. When fully grown, the hedgerows bank the soil and serve as source of 
fertilizer and nitrogen fixing. Example of hedgerow species are desmodium (Desmodium sp.) 
and leucaena (Leucaena diversifolia) in higher altitudes which can be harvested for poles, fuel 
wood and charcoal, and fodder for livestock (not more than 50% of the diet for ruminants and 
10% for non-ruminants). 

Criteria to select either earth or stone type bunds: 
o Distance between stone bunds = (height difference between bunds (m) x 100) / % 

slope gradient 
o Stone bund height of 25-30cm and base width of 30-40 cm 
o Earth bund height of 30-50 cm and base width of 1/2-1 m. Spillway intervals of 20cm 

along bund length 

• Each bund must have a low point-V or spillway where water can flow over. 

Condition Adaptation 
Soil The best soils are clay, or soils with a relatively permeable topsoil over a less 

permeable subsoil. Soil depth of 700-1000 mm. 
Sandy soil: Use tied ridging on sandy or well drained soils 
Clay soil: Contour ridging is suitable on silty loam to clay loam soils 

Slope Slope of Field Ridge interval 
Gentle to moderate slope (<9%) 20 m 
Moderate to steep slopes (9-12%) 15 m 
Steep Slopes (12-15%) 10 m 
Severe Slopes (≥ 20% Do Not cultivate 
Tied ridging suitable for slopes up to 7%. 

Rainfall Suitable for areas of rainfall between 350-700mm 
Altitude Vegetation appropriate for the Altitude must be used 
Temperature 
range 

In areas that freeze in winter, use frost tolerant species. 

SEASONAL VARIATIONS 
• Height of ridges/depth of ditches may need to be altered to suit high rainfall areas. 
• Construction should be undertaken only during dry season to allow time for realigning 

ridges. 
MAINTENANCE 

• Repeat construction once every 4-5 years during the dry season. 
• Repair breaches in ridges immediately. 
• Regular checking of contour ridges during the wet season, to check for excessive 

siltation. Where excessive silt does occur, remove the silt, this is fertile soil so can be re-
applied on the uphill slopes. Check for rill or gully erosion forming where there are high 
silt loads, then additional runoff management measure may be required as well as 
erosion control measures to repair the damage. 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 64         

REFERENCES 
SPECIFIC DEFINITIONS 
 Bunds are simply embankment like structures, constructed across the land slope. 
 Contour: across the slope at the same height, rather than up and down. Contour lines are lines 

that run across a (hill) slope such that the line stays at the same height and does not run uphill or 
downhill. As contour lines travel across a hillside, they will be close together on the steeper parts 
of the hill and further apart on the gentle parts of the slope. 

 Retention: The absorbing and holding of something. 
 Infiltration: Process of water entering soil from ground surface. 
 Siltation: Increase in suspended sediment, mostly silt or clay particles, in water. 

SEE ALSO GUIDELINES 
4. AGROFORESTRY 
23. CUT-OFF DRAINS 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS/ DRAINS /SWALES  
34. WOODLOTS 

FURTHER REFERENCES 
c. Braid, S. 2019. WRC Green Village: Community-based Catchment Management 

Guidelines. Volume 2. WRC Report No. TT 793/2/19. Water Research Commission, 
Pretoria, South Africa. 

d. Denison, J.A., Smulders, H., Kruger, E., Ndingi, H. & Botha, M. (2011). Water 
Harvesting and Conservation: Volume 2: Part 1. WRC Report No. TT 492/11. Water 
Research Commission, Pretoria, South Africa. 

e. Mishra, A.  & Mal, B. C. Soil and Water Conservation Engineering – Developed 
Course content. AgriMoon. Com – all about agriculture 

f. Shekaram, P. C. et al. 2016. Farmer’s Handbook on Basic Agriculture,  
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9. AREA CLOSURE  
OVERVIEW 
In order to provide vegetation or soil health over an area of land to recover from excessive utilization, the 
intervention of closing the area off from utilization is applied. This can be through informal mechanisms of placing 
thorny branches or brush wood across the pathways of access to the area, or more formerly through fencing the 
area off to prevent livestock getting into it; or use of Leboella which is used to protect the area from excessive 
utilization. There are fines for trespassing on Leboella. 

OBJECTIVE 
Area closure is used to protect degraded areas from further damage cause by normal activities like foot or vehicle 
traffic, farming practises and livestock movement. This also ensures that any active rehabilitation of an area can 
take place without interference. 

CATCHMENT PERSPECTIVE 
Area closure increases the productivity of degraded and moisture stressed areas. Combined with different soil 
and moisture conservation measures such as construction of stone bunds, it restores sufficient productivity for 
grass growth. Area closure protects downstream fertile fields from flood and erosion and contributes to recharge 
aquifers.  

BENEFITS 
This is an essential part of vegetative rehabilitation to ensure seedlings are protected from livestock. Where earth 
works took place it prevents movement that will risk further erosion. Fencing off an area reduces the need for 
regular inspections and the need to redo work already completed. 

CRITERIA FOR APPLICATION 
Rangeland closure can be implemented across various land use classes. I.e., include rangeland and cultivated 
area in one closure. No livestock allowed to graze for minimum 2 to maximum 5 years, this helps to avoid 
accumulation of moribund and/or turfs; also, no or limited human interference is tolerated until 80% grass cover is 
obtained, with fines for trespassing. The length of the time will be determined by the rate of recovery, as well 
physical assessment made by those concerned. 

MANAGEMENT 
LEAD DEPARTMENT 

• Department Livestock 
• Department of Range Resources Management 
• Department of Water Affairs 
• Local Authorities 
• Villages 

OWNERSHIP & RESPONSIBILITY 
• Grazing Associations 
• Community 
• Livestock farmers and herders 
• Chieftainship 
• Local Authorities 

LIVELIHOOD OPPORTUNITY 
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When properly managed, area closing can improve natural resources for better production, reduce erosion, 
encourage re-vegetation of natural grasses for future grazing. 

METHOD STATEMENT 
METHODOLOGY 

1. Relevant stakeholder identification at project area 
2. Community sensitization and mobilization, formation of watershed management committee / community 

watershed team (CWT) or herders’ association and/or grazing associations. 
3. Training of local authorities and community representative on natural resource management (NRM) 
4. Stepdown training to community at large 
5. Development and acknowledgement of NRM plans 
6. Implementation process should be undertaken, like…. 
7. Construction of fencing must be done as per intervention no. 2 on the construction of standardized 

fencing. 
8. Fencing should only be done after earthwork rehabilitation has been done. 
9. However, it may be constructed before vegetative rehabilitation commence. 
10. Only include pedestrian gate for use rehab work and monitoring. No livestock or vehicle traffic must be 

allowed in the enclosed area. 
ILLUSTRATIONS, DIAGRAMS/PHOTOS 

  
Figure 30. Example of area closure after 5-year period (C. Qalabane). 

 
Figure 31. Example of shrub clearance and brushwood mounds to close off an area, (C. Qalabane). 
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EQUIPMENT REQUIREMENTS 
• Brush wood to create barriers to close of pathways or access points to areas. 
• Fencing, where necessary to keep livestock out of the area. 

WORK NORMS 
Activity  Work norm  
Brush on site  
Spread 1 bundle  
(mulch, brush, etc.) 
Walking with bundle 
(brush or mulch) 

150m2 / pd 
100seconds / 0.6m2 

 

0.7m/s  
(bundle = 0.5m2) 

Plant ponds:      
Soft soil               

Medium soil 
Hard soil 

 
11min / pond 
17min / pond 
23min / pond 

Seeding 12m2/pd  (0.8pd/m2) 
Fencing posts 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
25min/1.5m3/person 
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 
 
RISK MANAGEMENT 
The excavation dimensions of post foundations are critical to ensure longevity and strength of the fencing. If the 
foundations of posts are not properly done the posts can easily be pulled from the ground when the wire strands 
are tensioned. Closed areas will be more productive if farmers adhere to NRM and grazing plans; If CWT, local 
authorities and herders’ association enforce laws; and also, if stone bunds are constructed for controlling runoff 
hence conserving soil. 
VARIATIONS & ADAPTATIONS 
Condition Adaptation 
Land use Area Closure can be implemented anywhere for different reasons  
Soil Increase foundations by 10% for sandy soil 
Slope On steep slopes ensure to manage runoff. 
Rainfall No effect 
Altitude Freeze/thaw conditions increase the depth of foundation by 10% 
 
SEASONAL VARIATIONS 
Freeze/thaw cycles can result in posts being popped out of the ground. Sufficient anchoring is required to combat 
this. 
MAINTENANCE  
Regular inspections of the entire length of the fence are required to look for any damage to the fence. Damage 
must be repaired as soon as possible. 
REFERENCES  
SPECIFIC DEFINITIONS 
Degraded - Natural veldt that is not able to recover to normal height within 1 season. 
Longevity - long lasting, or good quality 
Anchoring - Additional supports like struts to prevent movement 
 
SEE ALSO 
10. RANGELAND RE-SEEDING AND REHABILITATION  
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14. FENCING 
29. GULLY RECLAMATION 

10. RANGELAND RE-SEEDING AND REHABILITATION  
OVERVIEW 
Heavy or inappropriate grazing has resulted in degradation and changes in rangeland resources. These 
rangelands can no longer deliver natural resources they used to provide to the rangeland users. Where these 
changes have occurred, there is reduction in feed production that result in lowered animal productivity. 
Overgrazing contributes to reduced vegetation cover, thereby exposing soils to erosion. 

Rangeland reseeding is a management tool of restoring degraded rangelands while providing forage for livestock 
at the same time. Perennial plants such as grasses, forbs and legumes are used that are appropriate for the soil 
and climate conditions and for the nutritional needs of the livestock grazing it. 

Well-managed grass is the cheapest feed for ruminants. Renewing pastures regularly is important to maximise 
productivity and maintain feed quality and protect exposed soil from erosion. 

OBJECTIVES 
• grazing livestock closely together for a short period of time, in order to realise an increased and evenly 

distributed impact of grazing, manuring, and trampling a small, specific area, in order to increase the plant 
productivity for successive grazing seasons. 

• Restore plant cover and increase forage production using well-adapted, native species of high-value 
forage without overly reducing the amount of grazing available at any given time. 

• Improves the soil structure, increase water retention capacity, create a more favourable environment for 
microbes, improved the nutrient value of the soil, and eventually improve the grazing quality of the 
grasses. 

• Improve the range ecosystem and alter the vegetation composition so as to increase the productivity of 
the land.  

• Increase livestock grazing capacity 
• Restore plant cover and increase forage production using well-adapted, native species of high-value 

forage without overly reducing the amount of grazing available at any given time 
CATCHMENT PERSPECTIVES 
Reseeding with plant species that are adapted to local climate and will persist under reasonable grazing use, with 
roots that have the potential to bind the soil. Reseeding and rehabilitation can be applied in all areas of the 
catchment where there is overgrazing or denuding of the vegetation. 

CRITERIA 
Reseeding is suitable in all agro-climatic zones, where denudation of the rangelands is visible. Minimum tillage is 
used in these areas where ploughing is difficult or undesirable. The methods of reseeding and grass mix are 
dependent on the zone. These methods will also vary in cost and their suitability in different situations. Factors 
such as cost, soil type, elevation, slope, availability of certain equipment and the nature of the existing sward will 
influence the choice of method used. The method used should be able to provide good contact between soil and 
seed in order to achieve satisfactory germination and establishment. 

BENEFITS 
• Repair the degenerated rangeland system. 
• Reduce areas prone to erosion. 
• Meet the seasonal shortage in good forage 
• Increase forage availability for grazing animals 

MANAGEMENT  
LEAD DEPARTMENT 
Department of Range Resources Management 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 69         

OWNERSHIP & RESPONSIBILITY 
• Rangeland users 
• Local authorities 
• Community based organisations 

LIVELIHOODS 
Increase area of land available for forage production leading to improved animal production per hectare of land. 

METHOD STATEMENT 
Principle: reseed and plant native and/or well-acclimatized high-value grass and forage species. 

METHODOLOGY 
For both slope conditions ensure a good mix of different types of grasses and plants to promote biodiversity and 
companion planting, i.e. DO NOT plant only a single species. Avoid grids and rows on slopes, to prevent 
channelling of runoff water. 
 
Rocky steep sites. 

1. Site selection 
2. Demarcate and measure the area to be reseeded, to calculate the volume of seed needed. 
3. Implement minimum tillage 
4. Put mixed seed in furrows or Planting pits and cover lightly with compost or manure and water. 
5. Protect young seedlings 
6. Monitor and evaluate germination and seedling establishment 

Gentle terrain with little or rock free (land previously cultivated) 
1. Site selection 
2. Demarcate and measure the area to be reseeded, to calculate volume of seed needed. 
3. Rip the soil only as necessary, minimum tillage to penetrate hard soil to a reasonable depth for seed. 
4. Broadcast and harrow or use Planting pits for planting a mixture of seeds. Cover lightly with compost or 

manure and water. 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

Figure 32. Example where rangeland rehabilitation has been fenced off to ensure opportunity for regrowth. 
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Figure 33. Example of reseeding in pits. 

EQUIPMENT 
• Hand tools – hoe, spade or stick 
• Variety of prepared seeds (ideally collected from around the area of the site) 
• Seed broadcaster 
• Ripper, to break capped soil  
• Ox drawn plough for hard soils over large areas. 

WORK NORMS 
Activity  Work norm  
Seeding   12m2/pd (rate of 0.08pd/m2)  
Brush on site  
Spread 1 bundle (mulch, brush, etc.) 
Walking with bundle (brush or mulch) 

150m2 / pd 
100seconds / 0.6m2 

0.7m/s  (bundle = 0.5m2) 
Plant pits:      

Soft soil                
Medium soil 

Hard soil 

 
11min / pond 
17min / pond 
23min / pond 

Furrow/ploughing 0.5-1.0m/s 
Harrowing 0.5-1.0m/s 

RISK MANAGEMENT 
Communities need to plan accordingly and are prepared to adjust their grazing management to prevent future 
crisis.  
To get the most benefit from reseeding and rehabilitation users need to shift their overall management of the land 
resource. 

Ensure a good mix of variety of grasses and small shrubs in the seed mix in order to encourage biodiversity, this 
ensures a higher success rate of vegetation cover and less prone to pest infestation. Pioneer plant types are most 
likely to survive in newly stabilised areas, in particular plants with extensive network of roots. In the second year 
of planting, more endemic species can be planted. 

VARIATIONS & ADAPTATIONS 
Better soil moisture conditions are generally found on lower areas. Excess drainage reduces soil moisture on 
steep slopes/hillsides. Level to gentle sloping area is preferred for range seeding since ground preparation can be 
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more effectively done with machinery and at reasonable cost. Except for watershed protection and where special 
techniques are used, complete seedbed preparation is generally economically not feasible and hazardous on 
slopes in excess of 30%. High altitudes reduce the length of growing season and may prevent seed set of less 
adapted species.  

The recommended techniques for seedbed preparation range seeding are using hand tools and creating narrow 
furrow, wide and deep enough for seeds to be sown in. This have the added benefit of being easily and cheaply 
replicated by willing user groups. 

SEASONAL VARIATIONS 
Where possible, collect seeds from the plants around the area to be re-seeded. This ensures the genetic material 
that is already adapted to the conditions around the site and are endemic to the site. Seed collection will need to 
take place the season prior to planting. Grass seeds are collected by hand, when they change from green to 
brown and stored in paper bags. 

The effectiveness of rainfall in the establishment and maintenance of range seeding is greatly affected by 
intensity and seasonal distribution and associated temperatures and wind velocity. Seasonal precipitation just 
before or after seeding influences establishment. 

Grasses and forages can be reseeded any time between September and February, provided weather conditions 
are favourable for good emergence and establishment. Grass seeds have a small energy reserve, which means 
seedlings won’t last long in periods of cold weather or drought. Germination and establishment improve 
dramatically with increase of temperatures rise above 15°C. Moisture availability is extremely important in 
reseeding, timing of sowing should be in spring to summer, to guarantee good germination and establishment. 

MAINTENANCE 
• Provide good grazing management 
• Protect reseeded areas from grazing 
• Provide better grazing management and at least a one-year deferment from grazing during the 

establishment phase. 
 

REFERENCES 
SPECIFIC DEFINITIONS 
Moderate grazing - a degree of herbage utilization that allows the palatable species to maintain themselves.  
Reseeding - Sow an area of land with grass or forage seed again.  
Restoration - managing or assisting the recovery of an ecosystem that has been degraded, damaged or 
destroyed. 
Seedling - a young plant with roots grown from seed. 

SEE ALSO GUIDELINES 
1. NO TILLAGE OR MINIMAL TILLAGE 
3. MULCHING (SOIL COVER) 
12. ROTATIONAL GRAZING AND RESTING 
13. FENCING 
27. PLANTING PITS / INFILTRATION PITS 

FURTHER REFERENCES 
a. Vallentine, John. F. 1979. (Second Edition) Range Improvement and Development 
b. Tainton, N. M. 1981 Veld and Pasture Management in South Africa  
c. https://www.teagasc.ie/publications/2019/grassland-reseeding.php 
d. https://www.agriland.ie/farming-news/considering-reseeding-5-steps-for-a-successful-reseed/ 
e. https://www.weldgov.com/files/sharedassets/public/departments/public-works/documents/reseeding.pdf 
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11. HIGH STOCK DENSITY GRAZING  

OVERVIEW 
The most management-intensive form of rotational grazing that involves using small paddocks to achieve high 
stock density grazing with relatively short grazing periods to prevent heavy use. A large number of mixed livestock 
(horses, donkeys, cattle, sheep and goats) are densely kept together to ensure that not only desirable plants are 
selectively grazed.  Grazing by relatively large numbers of animals at a high stock density for a short period of 
time (1day) per reasonable paddock size or can be moved in hours if feed supply runs short than planned without 
causing any negative repercussions. High Density Grazing (HDG) is also called Holistic Planned Grazing (HPG) 
or Intensive Rotational Grazing (IRG). 

OBJECTIVES 
• To graze livestock closely together for a short period of time in order to realise an increased and evenly 

distributed impact of grazing, manuring, and trampling over a small, specific area, in order to increase the 
plant productivity for successive grazing seasons. 

• To improve the soil structure, increases water retention capacity, create a more favourable environment 
for microbes, and eventually improves the grazing quality of the grasses. 

CATCHMENT PERSPECTIVES 
Smaller grazing management units or paddocks improve distribution of animals across the landscape. The impact 
can be an increase or decrease in plant species diversity, depending on how well animals are distributed. Forage 
availability determines the proportion of plants that will likely be consumed by the animals while they are in a 
paddock. Then, depending on the manager’s control and flexibility of animal placement and movement animals 
can come back and re-graze plants sooner, or allow more regrowth and more species structural similarity within a 
paddock.  

CRITERIA 
Suitable for mountain and lowland agro-ecological zones with gentle slopes to flat areas. It is very costly to be 
implemented by the Lesotho farmers due input costs in the paddock and kraaling infrastructure. Most suitable for 
fenced paddocks. Herders are not good in controlling the livestock movement 
BENEFITS 

• Utilize grazing livestock hoof action to mix plant residues and manure with soil to improve the nutrient 
cycling process and microbial activity.  

• Improved soil health that leads to increased plant diversity, vigour and water infiltration.  
• Plant recovery within a short time 

 
MANAGEMENT  
LEAD DEPARTMENT 
Department of Rangeland Resources Management 
Department of Livestock 

OWNERSHIP & RESPONSIBILITY 
• Livestock owners 
• Grazing Associations 
• Local authorities 

LIVELIHOODS 
Improved forage species diversity leads to increased forage dry matter production, that translates to better animal 
performance with good market returns, and reduced overgrazing and land degradation by grazing practices. 

METHOD STATEMENT 
METHODOLOGY 

1. Assess the land use, soil and topography of the area to be utilised 
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2. Complete a grazing plan to account for livestock numbers, forage yields, about 50% forage utilization 
3. Calculate stocking rate for each paddock 
4. Compile a map or plan of the paddock areas and schedule of grazing per paddock. 
5. Move livestock from a paddock when half of available forage has been removed.  
6. Rotate livestock back to paddocks when the paddocks are fully recovered.  

 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 
Figure 34. Diagram example of high-density rotational livestock grazing. 

EQUIPMENT 
• Movable gates if available for overnight kraaling 
• Solar powered electric fence for control of livestock movement if herders are not available 
• Mobile watering troughs 

WORK NORMS 
For large stocks of livestock requires 4 herders to move the cattle regularly. When the system is more routine, 
these can be reduced to 2-3 herders. 

RISK MANAGEMENT 
• It is very costly to be implemented by the Lesotho farmers due to input costs in the paddock and kraaling 

infrastructure.  
• Herders are not good in controlling the livestock movement. 
• Technical support to range user  
• Involve the whole communities in the implementation of the system 
• Capacity building of the rangeland users in concerned areas 
• Lack of resources (including vehicles) to regularly monitor the performance of HDG 

VARIATIONS & ADAPTATIONS 
It be generally practiced in the gentle slopes to generally flat areas in the mountain zone and lowland areas where 
you can easily put-up movable fences. It is suitable for small scale implementation for those communities who can 
afford the cost of inputs associated with the system. 

SEASONAL VARIATIONS 
High Stock Density Grazing (HSDG) is a powerful tool that can have a dramatic impact on a smaller area. It is 
most effective during summer season of the year, and less effective at others. HSDG isn’t well suited for pastures 
where forage production is low.  It is labour intensive with multiple moves made per day. Ensure that there are 
enough kilograms of available forage for livestock to eat and trample, that the soil profile is sufficiently dry and 
structured well enough to handle the load, and that there is sufficient labour to manage this endeavour for a 

Drinking points in 
each paddock 

Animal movement 

Grazed 
rested 

graze 

graze 

graze
 

graze 
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desired amount of time. Due to short duration, high intensity impact, this type of grazing is not sustainable nor 
desirable for significantly long periods of time (weeks or months). 

MAINTENANCE 
• Close observation of grazing is required so that you can time cattle movement into new paddocks when 

no more than 50% of available forage dry matter has been consumed. 
• Facilitate range vegetation assessment to be undertaken by rangeland users. 
• make drinking points available in each paddock 
• Facilitate acquisition of grazing permits that will allow for the system to be fully practiced 

 

REFERENCES 
SPECIFIC DEFINITIONS 
Dry matter - what remains after all (of the water) moisture content of the plant is removed (evaporated out of a 
feed) 
Kraaling - enclosing livestock 
Plant vigour - A measure of the increase in plant growth or foliage volume through time after planting (health). 

SEE ALSO GUIDELINES 
12. ROTATIONAL GRAZING AND RESTING 
13. FENCING 

FURTHER REFERENCES 
a. Tsilane J.M, Sebatli T, B, (2015). Piloting Holistic Land Management approach through High density Grazing -

Impacts of High-Density Grazing through temporary kraaling system 
b. https://www.noble.org/news/publications/ag-news-and-views/2019/april/what-is-high-stock-density-grazing/ 
c. https://www.farmersweekly.co.za/animals/cattle/free-state-farmer-shares-lessons-on-ultra-high-density-

grazing/ 
d. https://savory.global/high-stock-density-grazing-holistic-planned-grazing/  
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12. ROTATIONAL GRAZING AND RESTING  
OVERVIEW 
Continuous grazing is the most common grazing system in Lesotho, which often results in rangeland degradation 
as livestock graze without restriction and they eat the most palatable forage first. If these plants are repeatedly 
grazed without allowing time for their roots to recover and leaves to regrow, they will die. Plants not eaten by 
livestock mature and set seed. Thus, populations of undesirable plants increase, while preferred plants are 
eliminated, reducing the quality of the forage in a given area. Trampling and animals’ avoidance of their own 
wastes further reduce the amount of usable forage. Rotational grazing provides periodic, adequate growing 
season deferment, while on the other hand minimizes the detrimental effects of patch and area-selective 
overutilisation while adequate deferment can be applied.  

Rotational grazing is an effective way of alleviating degradation of the rangelands, while increasing the 
productivity and reversing some of the effects of climate change 

OBJECTIVES 
• Graze livestock closely together for a short period of time, in order to realise an increased and evenly 

distributed impact of grazing, manuring, and trampling a small, specific area, in order to increase the plant 
productivity for successive grazing seasons. 

• Improve the soil structure, increases water retention capacity, creates a more favourable environment for 
microbes, and eventually improves the grazing quality of the grasses. 

• Provide livestock producers with the ability to match available forage to daily livestock forage demand, 
resulting in increased productivity and the maintenance of resilient rangeland. 

• Provide ideal vegetation in grazed areas with time to recover.  
CATCHMENT PERSPECTIVES 
Since life on earth depends on water and soil, sound range land management is essential to increase the 
productivity of water in general and maintain an ecological balance of the catchment. Rotational grazing allows for 
better manure distribution that acts as a source of nutrients to the soil thereby increase forage productivity. It 
prevents the overgrazing of one particular area of the rangeland resulting in land degradation and contribution to 
erosion and sediment. 

CRITERIA 
Rotational grazing is suitable on all agroecological zones in Lesotho. Currently an area is grazed at same time 
each year and plants defoliated at same stage of growth. For example, mountains are grazed all summer and 
foothills late autumn and winter. The rangeland is not given the opportunity to rest to encourage palatable species 
of plants to flower and seed set.  

BENEFITS 
• Rotational grazing improves productivity, weight gain or milk production per acre, and overall net return to 

the farm.  
• Rotational grazing allows cows to get the nutrients they need and maintains the health of the grass and 

soil over the long term. 
• Animals can graze plants during their seasons of maximum palatability. 
• Feed quality improves, quantity increases. 
• More animals can be raised on the same hectarage, translating into more income for the range users. 
• The movement allows the grazed area a rest period that permits forages and grass to initiate regrowth, 

renew carbohydrate stores, and improve yield and persistency. 
• Plant diversity increases in adequately rested grazing areas. 
• Rotational grazing encourages a wide variety of plants on the rangeland to be utilised. 

 
MANAGEMENT  
LEAD DEPARTMENT 
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Department of Range Resources Management (DRRM) 
Department of Livestock 

OWNERSHIP & RESPONSIBILITY 
• Rangeland users under the guidance of DRRM 
• Local authorities 

 
LIVELIHOODS 
Rotational grazing helps to improve productivity, weight gain or milk production per hectare, and overall net return 
to the farmer. It prevents the overgrazing of one particular area of the rangeland resulting in land degradation and 
contribution to erosion and sediment. 

METHOD STATEMENT 
METHODOLOGY 

1. Compile an inventory of the rangeland resources. Mark these on a map, creating a grazing resource plan. 
It is useful to mark boundaries, water supplies, and existing forage resources, as well asl sensitive areas 
that grazing should not take place, e.g., areas under restoration, over grazed areas, sensitive ecosystems 
such as permanent wetland areas. 

2. Identify and subdivide the land into smaller rangeland grazing management units, providing access to 
water, adjusting stocking rates, and routes for the livestock to pass between these units. Allow livestock 
to be moved from one unit to the other easily. Allocate different grazing units for different times of the year 
e.g., using availability of water. Agree a grazing schedule of which units to rest and which to graze across 
the year, refer Figure 35 and Figure 36. 

3. Mark these subdivisions on the ground, e.g., using paint to paint rocks demarcating grazing units, or piles 
of stones, etc. Keep the grazing schedule somewhere easily accessible for herders and livestock owners 
to check. 

4. Concentrate animals on a smaller area of the rangeland for several days then move to another section.  
5. Hire herders who will adequately manage the movement and control of livestock according to the grazing 

resource plan, as there are no fences used. 
6. Monitoring grazing duration and location. 

 
ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

RE-DRAW 15  

& make text visible 
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Figure 35. Example rotation grazing and resting, Paddock D allowed to rest for the year. 

  

Figure 36. Example of plan for rotational grazing pastures, including cold weather reserves. 

RE-DRAW 16 

Make text visible 
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EQUIPMENT 
Where physical features are non-existent as boundaries: 

• Stones for constructing beacons 
• Paint and brushes to mark beacons where physical features cannot be used as boundaries 
• Where suitable, construct fences. Basic 3-strand fences can be erected to keep cattle out of resting 

areas. 
WORK NORMS 
The grazing committee needs to mark out on the ground the grazing units with the stones and beacons. The time 
take to implement this depends on the size of the grazing area and the availability of stones and beacons as 
markers. 

RISK MANAGEMENT 
• Sensitisation of rangeland users on the importance of this type of grazing system. 
• Rangeland users should buy-in on the grazing resource plan.  
• Support of range users in acquiring grazing permits. 
• Communities need to plan accordingly and are prepared to adjust their grazing management to prevent 

future crisis. 
VARIATIONS & ADAPTATIONS 
This system is suitable for all agroecological zones in Lesotho. The benefits are realised during the summer rainy 
season. 

Since there are no fences erected, the boundaries of management units/paddocks are marked by physical 
features.   

SEASONAL VARIATIONS 
Rotational grazing gives the livestock manager flexibility in responding to the changing forage 
supply. During periods of rapid plant growth, cattle are moved quickly through grazing management units, while 
during periods of slow plant growth, delayed rotation allows plants in each management unit a longer time to 
recover after each grazing period. 

During the winter animals feed on stalks left in fields after harvest, whereas in spring the animals are moved out 
of the fields in preparation for ploughing onto the foothills area 

In winter if sufficient herbage/dry matter and land area is available the entire area can be grazed. However, care 
must be taken to ensure degradation does not occur, with irreparable damage to over-wintering plant crowns. 

MAINTENANCE 
• Keep animals out of the rested areas. 
• Keep fires out of the rested areas. 
• Meet to discuss whether to graze or rest in the next summer grazing schedule. 

REFERENCES 
SPECIFIC DEFINITIONS 
Grazing management unit - Subdivision of the rangeland into a series of smaller units that can be grazed in any 
given time. 
Stocking rates - The number of animals on a given amount of land over a certain period of time. Expressed as 
animal units per unit of land area  
Deferment - Animals are excluded from pasture areas to maximise germination and establishment of plant 
seedlings. 
Deferred/Delayed rotation - A system that divides the pastures into grazing units and then alternately delays or 
defers grazing on those pastures during critical growing periods. 
Plant diversity - Existence of wide variety of plant species in their natural environments. 
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SEE ALSO GUIDELINES 
10. RANGELAND RESEEDING AND REHABILITATION 
13. FENCING 

FURTHER REFERENCES 
a. Dana T and Fairfax K.  1980 (Second Edition): Forest and Range Policy Its Development in the United States 
b. Tainton, N. M. 1981 Veld and Pasture Management in South Africa  
c. Tsilane J.M, Sebatli T, B, (2015). Piloting Holistic Land Management approach through High density Grazing -

Impacts of High-Density Grazing through temporary kraaling system 
d. https://www.noble.org/news/publications/ag-news-and-views/2019/april/what-is-high-stock-density-grazing/ 
e. https://www.farmersweekly.co.za/animals/cattle/free-state-farmer-shares-lessons-on-ultra-high-density-

grazing/ 
f. https://savory.global/high-stock-density-grazing-holistic-planned-grazing/ 
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13. FENCING 
OVERVIEW 
In order to keep livestock out of an identified area, or within a demarcated camp, requires sturdy fencing as a 
barrier. Fencing can also be applied around spring/seep protection areas, riparian buffer areas, and sections of 
fencing, so fewer strands of fencing can also be applied to funnel livestock to specific watering points along 
riverbanks. 

OBJECTIVE 
• To allocate grazing according to resources 
• To allow resting of portions of the rangeland for plant recovery 
• To better manage livestock 
• To prevent livestock entering areas under protection. 

CATCHMENT PERSPECTIVE 
Fencing can be used throughout the entire catchment and may form part of other interventions. 

BENEFITS 
Fencing controls the movement and habits of livestock and as such, manage and reduce range land degradation 
and over grazing. It also helps to reduce the formation of animal tracks that lead to erosion. 

CRITERIA FOR APPLICATION 
Fence placement is very important to facilitate rotational grazing practises and improved grassland conditions. 
Fences must be placed along identified camp boundaries to reduce the overgrazing of only the palatable species. 
For effective rotational grazing, each camp must have access to watering points. 

Fences should be used for spring/seep protection but can be fewer strands. 

MANAGEMENT 
LEAD DEPARTMENT 
Department of Livestock 
Department of Water Affairs 
Department of Range Resources Management 

OWNERSHIP & RESPONSIBILITY 
• Landowner 
• Land user 
• Community 
• Chieftainship 
• Local authority 
• Nature conservation bodies for protection of wetlands 

LIVELIHOOD OPPORTUNITY 
Improved control and utilisation of resources, especially grazing by livestock, will result in improved condition and 
sustainability of resources, for ongoing resource utilisation. 

METHOD STATEMENT 
METHODOLOGY 

1. Determine the position of the fence (Separate different camps; spring, etc). Starting in one corner, mark 
the corner with a stake or a peg. Then walk the length of the area to be fenced, placing marking pegs at 
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regular intervals especially where corner posts are required and tension pots. Tension 
posts or a box braced post, must not be more than 
200m apart. 

2. Dig the holes for corner, gate and tension posts. Make 
sure they are in a straight line between these posts. 
Corner posts must either be supported by angled 
support or by a corner box method. Also make 
provision for these anchors and their foundations. 
(Angled support is a post braced against the corner 
post at 45° into the ground; Corner box, is an anchor 
post, parallel to the corner post, also set in a 
foundation, with a horizontal bracing post/strut 
between it and the corner post). These corner 
supports are very important especially when it comes 
to tensioning the fencing wire, else the corner posts will pull out of the ground. In cold temperature the 
wire will shrink placing more tension on the fence posts. Minimum Post foundations to be 750mm x 
400mm x 400m  

3. Install post vertically (use a level), refill the soil in layers of no more than 200mm at a time. Compact each 
layer properly with small, repeated blows of a long-handled tool with a face no larger than a cellphone. 
Check Post levelness after each layer was compacted and make adjustments as needed. Ensure well 
compacted, else the post will pull out the ground. (Can set the posts in concrete or cement if available). 

4. Walk the length of the fence, hammer in the Iron standards (thick poles) every 16m, and the droppers 
(think poles) every 4m, shown below. 

5. For a corner box or tension post brace box set up, install a tension wire, see below. Starting at the base 
of the corner post or bracing post, using a minimum 9mm gauge wire, leaving the end of the wire to reach 
half the diagonal between the posts, loop the wire around the base of the tension post, then loop the wire 
around the top of the support post and back around the base of the bracing post and back up around the 
support post in a figure 8-shape, and halfway down the diagonal again. Place a small sturdy stick 
vertically in the middle (or lightly upper end) of the loops of wire and twist the two ends of the wire 
together, so they overlap on each other about 10cm. Using the stick, twist the loops over each other until 
t
i
g
h
t
.
 
J
a

Anchor 
pole 

RE-DRAW 18 

RE-DRAW 19 

RE-DRAW 17 
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m the stick against the strut to prevent it from unwrapping. 
6. Roll out the first strand of wire between 2 corner posts or between a corner and a tension post. Starting at 

100mm above the ground, wrap the one end of the wire twice around the starting post, leaving about 1 
hand length free.  Using the pliers, twist or coil this hand-length of wire tightly around the same strand. 
Setup the wire tensioner on this strand. Make sure wire ends are tightly wound over the strand to prevent 
injury to livestock ushing against the fence. 

 
7. Repeat step 6 on the second post. Then release the wire tensioner from the wire. 
8. Space the wire at the correct height on each steel standard and fix it in place with a wire strapping. Make 

sure the strand is securely in the notch on the standard for added strength. 
9. Repeat steps 6 to 8 for each strand of wire, following the spacing suggested. Always work from the 

bottom up when installing fencing wire. Install the bottom wire first, then the next highest, etc. 
Strand 1 Strand 2 Strand 3 Strand 4 Strand 5 Strand 6 Total 

height 
100mm 
from 
ground 

100 mm 
from 
strand 1 

100 mm 
from 
strand 2 

150 mm 
from 
strand 3 

200 mm 
from 
strand 4 

250 mm 
from 
strand 5 

900mm 

 
10. Check the tension of each strand to make sure it is strong enough. 
11. Fasten the strands in place against each of the iron standards and dropper poles. Use a short piece of 

wire to twist onto the strand, then wrap around the back of the dropper or standard, and then twist against 
the other side on the same strand. There should space for movement. 

12. The gate should have a corner or brace box structure on either side of it. 
Tension check device: 
1. To check the tension on fencing wire strands, the following simple device can be constructed. (See figure 

below) 

 
2. Knock 3 nails into a wooden plank exactly 400mm between them. The centre nail must be 10mm lower 

than the other two.   
3. Put the nails up to the installed wire so that the wire rests on the upper side of the 2 outer nails. 
4. Use a small pull scale (10kg) to hook onto the wire above centre nail; then pull on the scale till the wire 

comes down and touches the centre nail. Take a reading from the scale and multiply by 200. The result 
must be between 1500 – 2000 for the line to be tensioned correctly. If it is not tensioned correctly, reapply 
the wire tensioner and tighten the strand. 

 

RE-DRAW 20 
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Illustrations, diagrams/photos: 

 
Figure 37. Example of multi-strand fence, with thicker poles and thinner droppers. 

 

Figure 38. Indication of intervals or spacing between tension posts or bracing boxes long sections of fencing and 
in uneven terrain. 

RE-DRAW 21 
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RE-DRAW 21 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 85         

EQUIPMENT REQUIREMENTS 
• Pickaxe 
• Shovel 
• Concrete and mixer for steel post. 
• Wire tensioner 
• Wire pliers 
• Hammer or pole driver 

Material needed for 1km of 6 strand fencing 
Item Number required Dimensions Intervals 
Tension posts 5 tension posts  

5 bracing posts 
1500mm treated posts  200m spacing. 

Y standard iron posts / 
thick poles 

61 1400mm Iron posts 
50mm thick 

16m spacing 

Droppers / thin poles 187 900mm droppers 
20mm 

 4m Spacing 

Barbed wire 8 rolls of 50kg Double Barbed wire 
2mm thick 

800m/roll 

Binding wire 1 roll/ 5km 2.5mm thick Binding 
wire 

 

Bracing wire 1 roll 9mm thick  
Per gate 
Posts 4 
Gate 1 

WORK NORMS 
Activity  Work norm  
Fencing posts 

Soft soil 
 Medium soil 
      Hard soil 

(1md x 0.5md x 0.5ml = 1 fence post) 
11min/1.5m3/person 
25min/1.5m3/person 
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 

RISK MANAGEMENT 
• The excavation dimensions of post foundations are critical to ensure longevity and strength of the fencing. 

If the foundations of posts are not properly done the posts can easily be pulled from the ground when the 
wire strands are tensioned, or during cold weather, the posts and pop out the ground. Rather make 
foundations deeper and sturdier. 

• When tensioning the wire, there is a risk that the wire might slip or break, resulting in the wire whipping 
around to injure workers. Make sure the workers are wearing protective eye wear. 

• Make sure all ends of the wires are tightly wrapped around the strands of fencing, to ensure it does not 
come undone, and to ensure there are no injuries to wildlife or livestock leaning against the fence. 

 
VARIATIONS & ADAPTATIONS  

Soil types will have an influence on the size of the foundations. 
Condition Adaptation 
Land use Fencing can be implemented anywhere for different reasons. The number of strands 

may be changed for different applications.   
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Soil Increase foundations by 10% for sandy soil 
Slope Intervals between fence posts and poles may need to be reduced on very steep 

slopes or through gullies. 
Rainfall Can be applied in all rainfall areas 
Altitude Can be applied at all altitudes 
Temperature 
Range 

Freeze/thaw cycles can result in posts being popped out of the ground. Sufficient 
anchoring is required to combat this. 

 
SEASONAL VARIATIONS 
Fencing can be erected all year round. However, the ground may be easier to prepare for foundations in summer, 
rather than in winter when the ground will be frozen. 

MAINTENANCE  
A fence that is properly cared for will give long and trouble-free service. Include some of the following suggestions 
in your regular maintenance program: 

• Repair or replace anchor post assemblies when-ever they show signs of weakness. 
• Refasten loose wires to posts and splice broken wires when necessary. 
• Keep the fence wires properly stretched. This will be needed once or twice per year for high-tensile 

fences. 
• Keep weeds and brush cleared from the fence line, especially on electric fences. 
• Plan and follow a regular inspection routine for any needed maintenance. 

REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO GUIDELINES: 
9. AREA CLOSURE 
11. HIGH DENSITY GRAZING 
12. ROTATION GRAZING AND RESTING 
15. SPRING/SEEP PROTECTION 
27. LIVESTOCK WATERING ALONG RIVERBANKS 
32. CONSERVATION OF WETLANDS 
FURTHER REFERENCE 

a. South African National soil conservation manual Chapter 16  
b. https://extension.uga.edu/publications/detail.html?number=C774&title=Fences%20for%20the%20Farm 
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14. WILDFIRES & FIRE BREAKS 
OVERVIEW 
Wildfires are fires that burn out of control in a natural area. They often begin unnoticed, or by accident, but spread 
quickly, damage natural resources, destroy homes, and threaten the safety of the public.  This is a widespread 
phenomenon that increase in extent and severity due to fuel accumulations, shifting land-management practices, 
and climate change. Wildfire’s damage indigenous seed banks in the soil, kill wildlife and destroy their habitats 
and food supply, contributes carbon emissions towards climate change, pollute the air, damage soil structure and 
reduce soil moisture. 

On the rangeland, fire is used as a tool to alleviate the effects of repeated selective grazing of the same areas 
year after year. Nutritious regrowth following a burn attracts herbivores and domestic animals, and the ensuing 
heavily grazed patches are maintained by their continued attractiveness to grazers. When a new area is burned, 
the new regrowth attracts grazers. As a consequence, grazing pressure is spread over the whole burned area for 
a period, reducing the pressure on the previously heavily grazed patches. 

Fires must only be used in controlled and managed settings.   

OBJECTIVE 
• Reduce the risk of unwanted wildfires in the future, protecting communities from extreme fires; 
• Remove unwanted species that threaten species native to an ecosystem; 
• Recycle nutrients back to the soil; and promotes the growth of plants. 

 
CATCHMENT PERSPECTIVE 
Wildfires are an important agent of landscape change when linked with sufficient rainfall. Decreased soil 
permeability following wildfire, coupled with removal of vegetation and litter, can result in lower interception and 
infiltration rates, and increased runoff. These changes may be accompanied by increased erosion through 
sheetwash and rilling. Incidence of wildfire increases during warmer climate periods resulting into natural wildfires 
and dry winter periods which result man-induced fires. 

Fire breaks can be made throughout the catchment, especially around infrastructure and along fencing to prevent 
the spread of wildfires. Uncontrolled burning can result in the degradation of veld and reduce the potential 
production potential. 

BENEFITS 
• By preventing uncontrolled rangeland fires the rangeland conditions and soil health can be improved and 

thereby increase the health.  
• Cleaning or removing unwanted vegetation from landscapes to reduce fuel loads and the risk of large 

catastrophic fires 
• Changing the relative balance between herbaceous (grasses and forbs) and woody plants to improve 

forage availability for livestock and or wildlife 
• Creating variability both within and among plant communities for domestic animals and wildlife as well as 

other rangeland resources 
• Promoting seed germination and the regeneration of desired plants 

CRITERIA FOR APPLICATION 
It is vital that the no soil disturbance take place in the making of the fire breaks as this results in instability of the 
soil and leads to erosion. 
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Reduce the risk of fire by reducing the build-up of potential groundcover fuel sources and controlling weeds and 
invasive species. Where controlled burns of residues are necessary, ensure optimal conditions for the low risk of 
spread and low impact on existing air quality. 

Fire, if properly controlled and managed, can be a valuable tool to manipulate vegetation composition, structure, 
and fuel loads on rangelands and other ecosystems. Managed fire can create and maintain a mosaic of plant 
communities, at appropriate locations on the landscape, to provide valuable ecological services that benefit many 
natural resources. Fire can occur in all slopes and flat areas of agro-ecological zones 

MANAGEMENT 
LEAD DEPARTMENT 

• Department of Environment 
• Department of Rangeland Resource Management  
• Department of Forestry 

OWNERSHIP & RESPONSIBILITY 
• Landowner 
• Land user 
• Chieftainship 
• Community 
• Local Authority 

LIVELIHOOD OPPORTUNITY 
Fire is primarily used on rangeland to manipulate plant populations, maintain habitat for animals, improve forage 
quality and production to achieve animal productivity.  
Fire breaks protect the rangeland and other infrastructure, assets, and natural resources from being damaged by 
run -away fires or wildfires. 

METHOD STATEMENT 
METHODOLOGY 

1. Decide where the firebreak must be made. It is advisable that breaks be built along the slope and across 
the slope to form areas where fire can be contained. 

2. Cut vegetation short without disturbing the soil and root systems, not shorter than 200mm. 
3. In grassland areas the use of a tractor pulled mower may be much more effective than using hand tools 

to cut large areas of grass. No mechanical equipment shall be used to make the firebreaks in woody or 
large brush areas. Use of manual labour with Pangas, chainsaws and or brush cutters. 

4. Even controlled strip burns may be done, but only if the grassland was not burned in the previous 5 years. 
Do not burn every year! 

5. The fire breaks cannot be narrower than 10m and in areas with high vegetation it is recommended that 
the fire break be no less than 1.5 times the height of the tallest trees.  

6. The vegetation on the fire break must be kept short, but no less than 200mm, the fire break must also not 
be left bare. 

7. On steep slopes the width must be increased to prevent sparks from jumping uphill. Increase the width by 
5m for every 10% slope increase. 

8. Fire breaks can be made around infrastructure like homes, cultivation, livestock housing etc. for fire 
protection. Fire breaks should be at least 20m from buildings to give some reaction time. 

9. Fire breaks on boundary fencing prevent fires from spreading to neighbouring farms. It also allows access 
to fires for control purposes. 

10. Mitre drains might be required to ensure that fire breaks are protected from erosion 
11. The use of controlled burns can also prevent runaway fires, but burning veld too often is detrimental to 

the condition of the veld. 
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 Figure 39. Cross section of the clearing and maintenance of firebreaks. 

 
ILLUSTRATIONS, DIAGRAMS/PHOTOS 

 

  
Figure 40. Example of Working on Fire fighters managing a firebreak burn. 

EQUIPMENT REQUIREMENTS 
• Chainsaws 
• Brush cutters 
• Axes 
• Pangas 
• Rakes 
• Fire beaters 
• Water pumps and hoses 
WORK NORMS 

Light conditions (gentle slope, low density) 4person days / ha 
Heavy (steep, high altitude or dense vegetation) conditions 8 person days / ha 
Activity  Work norm  
Alien Clearing 0.5ha 
Slashing 0.5m/s 
 
RISK MANAGEMENT 

• Chainsaws and other petrol engine equipment can throw sparks that can lead to fires. When making fire 
breaks in the wet season, risk of fires is reduced. 

RE-DRAW 22 
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• Have a fire preparedness plan with highly trained people to respond safely and effectively to grassland 
and or forest fires. 

• Construct fire lines /firebreaks prior to known incidences of runaway fires 
• Assessment of the probability of wildfire occurring the potential consequences on valued resources 
• A fire should never be left unattended for any period, when you are done with it, make sure it is 

completely extinguished, not leaving hot coals.  
• Prescribe the best conditions under which the plants will burn to get the best results safely. 
• Institute the right fire at the right place at the right time. Clearly identify areas of rangeland for controlled 

burns, notify the community, and have an emergency plan in place prior to burning, in case the fire 
spreads. 
 

VARIATIONS & ADAPTATIONS  
Condition Adaptation 
Soil Firebreaks can be implemented on all soil types. On soils prone to erosion, 

implemented additional soil erosion prevention measures. 
Slope Firebreaks can be implemented on all slope gradients. If necessary, implement 

additional erosion protection measures where firebreaks have been cleared and 
vegetation cover has been reduced, exposing the soil to potential erosion from 
runoff. 

Rainfall Firebreaks can be implemented in all rainfall areas 
Altitude Firebreaks can eb implemented in all altitudes. 

• On slopes greater than 30% fires accelerate soil erosion.  On very steep terrains fire reduce basal cover 
increases soil loss through erosion.  

• Because fire, regardless of the source, is a recurring ecological event with a relatively constant interval, 
most rangeland vegetation has adapted to periodic burning. 

• On the slopes particularly steep ones, wildfires are unmanageable due to difficult movement of firefighters 
and burning intensity which is sometimes fuelled by dry strong winds. 

• Induced fires occur in all agroecological zones and are directly destructive to wild mammals. Most 
vertebrates manage to escape by flying or running away, going below ground a few centimetres, hiding in 
rock out crops or seeking islands missed by fire 

 
SEASONAL VARIATIONS 

• Firebreaks should be cleared and prepared before the fire season, i.e., before it becomes very dry. Do 
not clear fires breaks during windy or extremely hot conditions. 

• At the landscape level, the occurrence of wildfires is not solely controlled by the character of the 
vegetative community being burned. It is influenced by climatic shifts and anthropogenic changes. 

• Season of burning and phenological stage of growth directly affect plant response to burning, with each 
plant species responding somewhat differently. 

• Burning following a rain reduces damage to plants by increasing the moisture content of the plant base 
and litter around the base of the plant. 

• There is decreased soil permeability following wildfire, coupled with removal of vegetation litter and soil 
baking. This result in lower interception and infiltration rates, and increased runoff. These changes are 
accompanied by increased erosion through sheet-wash and rilling. Incidence of wildfire increases during 
warmer climate periods resulting into natural wildfires and dry winter periods which result man-induced 
fires. 

MAINTENANCE  
• Refer Figure 25 for the indicative maintenance activities for firebreaks. 
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• Grass must be kept short to slow the movement of the fire, but no shorter than 200mm. 
REFERENCES 
SPECIFIC DEFINITIONS 
Fuel load: The total fuel available to burn 
Burning intensity: the rate of heat energy released by the fire 
Firebreak: A Fireline wider than 3m prepared each year ahead of occurrences of fire  
Prescribed burning: systematically planned firing of a selected land areas when weather and vegetation favour 

a particular method and intensity of burning that can be expected to accomplish planned benefits. 

SEE ALSO  
5. IMPROVED LAND PREPARATION FOR PLANTING 
10. RANGELAND RE-SEEDING AND REHABILITATION 
12. ROTATIONAL GRAZING AND RESTING 
31. SUSTAINABLE UTILISATION OF WETLANDS – WISE USE 
32. CONSERVATION OF WETLANDS – NO NETT LOSS 

FURTHER REFERENCE 
a. https://www.conservationhandbooks.com/why-fell-trees 
b. https://www.news24.com/witness/news/drier-2019-sees-sharp-increase-in-runaway-fires-20190703 
c. http://www.firebreaks.info/ 
d. https://en.wikipedia.org/wiki/Firebreak 
e. https://www.sciencedirect.com/topics/earth-and-planetary-sciences/firebreak 
f. Tainton, N. M. 1981 Veld and Pasture Management in South Africa (fire as a natural ecological factor pp 

21-22) 
g. Vallentine, John. F. 1979. (Second Edition) Range Improvement and Development (Range Improvement 

by burning pp201-221) 
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6. WATER CONSERVATION 
The objective of water conservation interventions is to retain, or capture and store, water within the landscape. 
This water can then be used productively either in the household or in the field. By capturing and storing the water 
reduces the volume of water that flows as runoff. 

Prepare drainage ways and outlets to handle concentrated or increased runoff. Land use activities change 
the characteristics of runoff. The creation of impervious surfaces, removal of plant cover, and compaction of soil 
allows less water to percolate into the soil and therefore increases the volume of runoff. Alternatively, land use 
activities can be so designed that runoff from the site can be stored or is allowed to infiltrate into the soil on-site, 
no off-site channel protection should be necessary.  

There are 6 interventions to support the water conservation control measure: 

15. SPRING / SEEP PROTECTION 
16. EXCESS WATER RE-USE 
17. RAINWATER HARVESTING 
18. STORAGE TANKS (ABOVE GROUND) 
19. WATER ABSORPTION PITS / INFILTRATION TRENCHES 
20. DETENTION PONDS  
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15.  SPRING / SEEP PROTECTION 
OVERVIEW 
OBJECTIVE 
Protection of springs and seeps is critical for the long-term water availability and quality. They also create 
wetlands that are essential for biodiversity and flood attenuation. Formalised water collection systems at seeps 
contributes to improved water quality, and reduced erosion around the seep, it promotes storage of water. 

CATCHMENT PERSPECTIVE 
Springs and seeps can be found at various locations throughout the catchment. They are dependent on the 
underlying geology of the area. By their nature of being groundwater, the water quality in springs and seeps is 
usually of very good quality for human consumption. Collection points are prone to soil erosion due to the muddy 
nature of the site, which can lead to sediment issues and contamination of the spring water itself. 

BENEFITS 
Springs are a reliable long-term source of clean fresh water suitable for human consumption. Protecting springs 
from over utilization and pollution promotes health and wellbeing of people and nature. By developing a more 
formal water collection system allows for the storage of water and quicker time needed for collection of water. 

CRITERIA FOR APPLICATION 
Ideally any water collection point for drinking water purposes should be collected from upstream of livestock and 
agricultural areas to prevent contamination of the water. However, this is not always possible with springs and 
seeps. The fencing should then be used to keep the livestock away from the spring. 

MANAGEMENT 
LEAD DEPARTMENT 

• Department of Water Affairs 
• Department of Rural Water Supply 
• Department of Livestock 

OWNERSHIP & RESPONSIBILITY 
• Community 
• Chieftainship 

LIVELIHOOD OPPORTUNITY 
Improved access to water collection point and quality of water, which contributes to improved health. 

METHOD STATEMENT 
METHODOLOGY 
The Water Research Commission (WRC) report, Ravenscroft (2003) outlines two types of spring protection that 
have been commonly used in South Africa. Firstly, the spring box method that has been used in South Africa and 
secondly the spring catchment and chamber method, which is used in Lesotho. 
 
Fenced spring protection Zone: 

1. Construction must be done in the dry season to make the working conditions easier and prevent bogging 
the surrounding areas. 

2. See the fencing Intervention for fencing methodology 
3. Ensure construction of the fences is far enough away from the spring to ensure that no encroachment can 

take place. Typically, an area 10m-20m around the spring is designated the ‘inner protection’ zone and 
should be fenced and planted with grass to prevent runoff and erosion. Trees should be removed within 
this zone, especially if they are alien invasive plants (AIP’s). 
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4. Removal of alien vegetation, to a distance of at least 100m from the water source helps to ensure that all 
available water is accessible to the spring and that the AIP’s do not compromise the available water.   

5. The fence should enclose the seep fully, with no gated access larger than a pedestrian gate. 
6. No livestock shall be permitted within the fenced off area and pedestrian traffic must be kept to a 

minimum. 
7. The spring site itself must also be protected from surface water run off during periods of heavy rain.  This 

may take the form of retaining walls, gabions, or the creation of a drainage ditch to divert water flow away 
from the source and the spring box. Ideally these structures should be within the fenced area to prevent 
damage from livestock or others. Planting grass and ensuring ground cover in this inner zone also assists 
to prevent erosion from water runoff. 

8. Abstraction of water for consumption must be done just above the lower fence to ensure good clean 
water. 

9. Generally, all protected springs will have the following key elements in their design: the eye, a silt or 
settling chamber and a collection or storage chamber with a tap or access point.  However, these 
structures differ greatly from site to site and between the formal and informal structures. 

Spring catchment and chamber method: 
10. The abstraction point location and methodology depend on the layout of the spring but cutting a gradual 

wall in the natural ground below the spring. 
11. Build a brick (if available) or Concrete encased stone sump around the exposed eye of the spring with the 

earthen wall forming the one side. 
12. The sump can be lined with plastic and concrete to prevent leaking concrete. 
13. Depending on the quality of the water a secondary chamber may be constructed to allow sand and silt to 

settle. 
14. Last in line is a holding area where enough water can be stored to ensure supply if maintenance or 

repairs is needed on the system. This can be a plastic tank or another concrete and stone structure, see 
Guideline on above ground storage. 

15. Install taps in the wall with pipes to the inside of the sump. Tap must be at least 200mm above the bottom 
of the sump to let soil particles settle below the outlet. 

16. Add a fine particle filter (Pipe with small holes and wrapped with cloth will work) on the pipe on the inside 
of the sump. Designing the collection tank and sediment tank with a baffle inside will help to trap the 
sediment inside these tanks before reaching the storage tanks, refer Guideline on Energy Baffles. 

17. Add a removable lid to the sump, settling tank and storage tank for maintenance will extend the longevity 
of the system. 

18. A tap at the very bottom of the sump will help to drain the water if work needs to be done on the sump. 
19. Install a fertility pit, refer Excess Water Re-use guideline, to collect spilt water and direct it to beneficial 

use so as to prevent the area becoming muddy. Where this is not appropriate then the area around the 
sump should be covered with gravel or stones to prevent boggy conditions. 

20. Water can be directed via a channel to a water box outside the fence for livestock watering. 
 
ILLUSTRATIONS, DIAGRAMS/PHOTOS 
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Figure 41. Example of a fenced spring box. 

 
Figure 42. Where the spring is from a cut bank, this is a schematic of the formal set up of a spring box. 

RE-DRAW 23 

RE-DRAW 24 
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Figure 43. Schematic of A spring collection system. 

 
Figure 44. Example of a water collection system in action. 

EQUIPMENT REQUIREMENTS 
• Fencing materials 
• Stone or brick 
• Cement 
• Water 
• Piping 
• Tap 
• Clean cloth to use as a filter inside the sump. 
• Old cloth to wrap around the external pipes to insulate them from freezing. 
• Wire or twine to tie the insulating cloth around the pipes. 

RE-DRAW 25 

& visible text 
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WORK NORMS 
Activity  Work norm  
Fencing posts 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
25min/1.5m3/person 
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 
Shallow Trenching:                    

Soft soil 
Medium soil 

   Hard soil 

 
6.3min/0.9m3/person 
9.5min/0.9m3/person 
12.7min/0.9m3/person 

Grass sodding 5min/1m2/ person 
Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Plant Tree pit:  

Soft soil 
 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person 
27min/1.5m3/person 

Time FOR MIXING cement, plastering, and plumping 
work is not included. 

 
RISK MANAGEMENT 

• Keep cattle and livestock out of the spring protection area, to prevent contamination of the water and 
damage to the spring area. 

• Ensure there are overflow pipes in the tanks or storage, during severe storm events with excessive flow, 
the structures can fail if the surplus water can’t escape. 

VARIATIONS & ADAPTATIONS 
Every spring is different, and variations may be needed for each situation. 
Condition Adaptation 
Soil Increase foundations by 10% for sandy soil 
Slope Be very careful of erosion on steeper slopes 
Rainfall Provide overflow on all chambers with pipes down to ground level to allow overflow in 

excessive flow. 
Altitude See temperature 
Temperature 
Range 

Freeze/thaw cycles can result in posts being popped out of the ground. Sufficient 
anchoring is required to combat this. 
Keep external pipes insulated with old cloth to prevent water in the pipes from freezing 
and bursting the pipes. 

 
SEASONAL VARIATIONS 
In high altitude areas and areas prone to frost or snow, wrap all external pipes in several layers of cloth and strap 
with binding wire to reduce the risk of water freezing in the pipes and causing them to burst. 

MAINTENANCE 
• Springs and seeps must be fenced to keep cattle away from contaminating and damaging the area where 

the water surfaces. Regularly check the fence for damage and repair immediately. 
• Make sure all leaks are investigated and repaired as soon as possible. 
• Invasive plants must be removed from around the seep/spring and kept under controlled to reduce the 

unnecessary water demand  
• Seasonal cleaning of the sumps and tanks to remove sediment is critical. 
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• Check cloth filters monthly, and after major rain events. If the cloth is full of sand, then remove it and 
replace it. Wash this cloth so it is ready for reuse with the next change of filter. 

REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO 
13. FENCING 
16. EXCESS WATER RE-USE 
18. STORAGE TANKS (ABOVE GROUND) 
22. ENERGY BAFFLES 
26. PLANTING PITS / PLANTING PONDS 

 
FURTHER REFERENCE 
a. A grassroots approach to freshwater spring protection in rural South Africa - Experiences, processes, and 

lessons learned from Umzimvubu Catchment Partnership, Eastern Cape, South Africa. A WASH in 
Watersheds (WiW) Guide. 

b. https://en.hesperian.org/hhg/A_Community_Guide_to_Environmental_Health:Protect_your_Spring 
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16. EXCESS WATER RE-USE 
OVERVIEW 
At water collection points, such as borehole hand pumps or springs, water often spills, and the area becomes wet 
and muddy.  This excess water contributes to erosion around the borehole and spring and standing stagnant 
water can contribute to waterborne vector diseases. This excess water can be used productively to water crops 
by channelling it into a ‘fertility pit’.  This guideline describes how to construct a fertility pit. Greywater can also be 
used in this way. 

OBJECTIVES 
• To re-use “lost” water for productive purposes. 
• To reduce erosion around watering points. 

CATCHMENT PERSPECTIVES 
• This re-use of lost water can be applied at all water collection points throughout the catchment. 
• Improved erosion protection around water points will reduce maintenance of water points by reduced 

erosion and improved sediment trapping on site. 
• The productive use of the water will provide additional crops that can be harvested for the benefit of the 

community. 
CRITERIA 

• Implemented at any borehole hand pumps, springs or seep water collection points.  
• Can be implemented at other points with excess water, e.g., overflow from water storage tanks. 
• Often planted with water-loving, climate appropriate plants e.g., bananas, apples, or sugarcane. 
• Can be used in conjunction with greywater.  

BENEFITS 
• Increase absorption/infiltration of water into the soil. 
• Allow for planting of crops with water that would have been wasted. 
• Improve food security.  
• Ensure that area around boreholes is kept clean and dry and not muddy. 
• Improves water quality in the system. 

MANAGEMENT  
LEAD DEPARTMENT 
Department of Soil and Water Conservation 
Department of Crops (irrigation) 

OWNERSHIP & RESPONSIBILITY 
• Community members  
• Local authorities 

LIVELIHOODS 
Production of crops at the fertility pits can be sold by the community to raise funds for the maintenance and 
repairs of the borehole, or water-point infrastructure. These crops can also be used towards providing food for 
children at school or helping households that have suffered loss. The funds from crops that have been sold can 
be put towards a village savings and loans programme. 

How the crops or funds from the sale of the crops, are used must be discussed and agreed by the community that 
uses the water point, so all are aware of who is responsible for the maintenance and ownership of the crops. 

METHOD STATEMENT 
METHODOLOGY 
1. At the area where the water is draining towards, or pooling, at least 1 metre away from the concrete base of 

the borehole, dig a pit 1m deep and 2 metre wide. 
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2. Fill the pit with organic matter such as compost or manure, mixed with the dug soil. The organic matter 
increases the fertility of the soil and minimises the loss of water from evaporation 

3. Either plant the seeds, or the seedling trees of the crops planned for the site. Selection of crops should 
consider the climate or weather conditions of the area, e.g., frost resistant crops in high or very cold locations. 
Select crops that don’t require regular maintenance such as tilling. Fruit trees are suitable as they will 
continue to produce fruits each year. 

4. If necessary, the concrete base of the borehole can be extended. If there is no concrete base, the water can 
be directed to the fertility pit by a lined channel, e.g., using old bottles such as in Figure 6.  

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

   
Figure 45. Example of erosion, damage and stagnant water around a borehole hand pump. (Source: S. Braid) 

  
Figure 46. Example of excess water at water point directed into a fertility pit, with established crops. (Source: S. Braid) 

EQUIPMENT 
• Shovel 
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• Compost  
• Crops: seeds or seedling trees 

WORK NORMS 
Activity  Work norm  
Plant Tree pit:  

Soft soil 
 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person 
27min/1.5m3/person 

Shallow Trenching: 
                    Soft soil 

Medium soil 
   Hard soil 

 
6.3min/0.9m3/person 
9.5min/0.9m3/person 
12.7min/0.9m3/person 

Grass sodding 5min/1m2/ person 
Does not include concrete apron of borehole or pump, or 
lining apron with stones or bottles to direct flow 

RISK MANAGEMENT 
Crops such as tomatoes and lettuce absorb pollutants into the fruit and require regular maintenance. Crop 
selection must take into consideration the activities practiced at the water point in order to prevent contamination 
of the food crops. Crops should rather be annuals that don’t require regular maintenance and replanting. 

VARIATIONS & ADAPTATIONS 
Lends itself as a soakaway around buildings – to absorb greywater. If the site is used for washing or greywater, 
and there is a high load of pollution e.g., from detergents or soap, then include planting reeds such as bull rush, 
as a primary filter or pollution trap before the water reaches the crops. 

Condition Adaptation 
Land use Can be implemented in any land use situation. 
Soil Can be implemented in any soil type. 
Slope Not applicable 
Rainfall Appropriate crop selection 
Altitude Appropriate crop selection 

SEASONAL VARIATIONS 
Depending on the location of the water point within the region of Lesotho, consideration should be given to the 
climatic conditions of the site when selecting the crops to plant. For example, crops that are NOT frost tolerant 
should not be plant in areas that experience snow or temperatures below 0. 

MAINTENANCE 
• Check the excess water is not from a leak or damage in the water point infrastructure. 
• Standard weeding and crop maintenance of the fertility pit. 

REFERENCES 
SEE ALSO GUIDELINES 
4. AGROFORESTRY 
8. CONTOUR BUNDS / VEGETATION RIDGES 
18. STORAGE TANKS (ABOVE GROUND) 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS/DRAINS /SWALES 
26. PLANTING PITS / PLANTING PONDS 

FURTHER REFERENCES 
a. Braid, S.G., (ED) (2019). Green Village: Community-Based Catchment Management Guidelines. Water 

Research Commission. Report No K5/2508. Pretoria, South Africa. 
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b. Denison J, Smulders H, Kruger E, Ndingi H and Botha M. 2011. Water Harvesting and Conservation – 
Volume 2 Part 1: Technical Manual and Farmer Handouts. Water Research Commission 

c. Guidelines for the Safe Use of Wastewater, Excreta and Greywater (WHO, 2006) 
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17. RAINWATER HARVESTING 
OVERVIEW 
Rainwater harvesting (RWH) systems are suggested by several researchers and developmental organizations as 
potential measures of supplemental moisture/water supply. RWH involves all methods of concentrating, storing, 
and collecting rainwater/runoff for agricultural, domestic, environmental and industrial uses. RWH strategies may 
vary from direct runoff concentration in the soil for direct uptake by the crops, to collection and storage of water in 
structures (surface, sub-surface tanks, ponds, and small dams) and aquifers for future productive uses. 
Effectiveness increases with precise water use, which in turn is a function of local skills and investment 
capacities. Impacts differ with the intensity of water use and type and location of RWH system in reference to 
hydrologic sensitivity of the area. 

Rainwater harvesting, in its broadest sense, is a technology used for collecting and storing rainwater for human 
use from rooftops, land surfaces or rock catchments using simple techniques such as jars and pots as well as 
engineered techniques.  

OBJECTIVES 
• Collection of rainwater and runoff from surfaces to augment/supplement water supply.  
• Reducing the volume of runoff contributes to reduced potential for soil erosion. 
• Impound surface runoff from suitable areas for storage in tanks and ponds to prolong water accessibility 

beyond rainy season 
• To provide easily available water for domestic and agro-pastoral production 

CATCHMENT PERSPECTIVE 
At catchment level rainwater harvesting occurs in two forms:  

Rainwater Harvesting: 
• Water collected from roof tops  
• Micro-catchment water harvesting  
• Macro-catchment water harvesting  

Flood Water Harvesting: 
• Flood water harvesting within stream bed 
• Flood water diversion   

CRITERIA 
• Biophysical and socio-economic conditions,  
• Change processes occurring within a small catchment which may influence sustainability of RWH 

systems by altering the quantity and quality of water available for livelihood.  
• Regional climate variability local impacts such as duration of droughts, high intensity rainfall and floods 

frequencies and magnitude.  
• Adoption of water management practices such as abstraction of perennial stream/river flows  
• Selection of sites for location taking into account local topographic, soils and land uses to enable proper 

design of the storage facilities 
BENEFITS 

• Provision water for domestic use and agro-pastoral production using a simple technology; 
• Promotion of water and energy conservation; 
• Improves the quality and quantity of groundwater 
• Reduction of soil erosion, stormwater runoff, and pollution of surface water 
• Provides source of water for landscape irrigation 

MANAGEMENT 
LEAD DEPARTMENT  
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Ministry of Water Affairs 
Department of Soil and Water Conservation 

OWNERSHIP & RESPONSIBILITY 
• Land user 

LIVELIHOOD 
• Improved yields because of water availability 
• Enables diversification of cropping systems 

METHOD STATEMENT 
METHODOLOGY 
Construction of water storage infrastructure are appropriate location using engineering specification for each of 
the categories of water sources – roof tops, micro and macro catchment, and flood water. 

Rainwater Harvested Water 
• Water collected from roof courtyards and similar compacted or treated surfaces is used for domestic 

purpose or garden crops, either collected into above ground storage tanks, or directed into planting 
pits water absorption trenches, etc. 

• Surface runoff water collected from a small catchment area is stored in the root zone of an adjacent 
infiltration basin. The basin is planted with a tree, a bush or with annual crops; 

• Macro catchment collected is conveyed to the cropping area located at foothill on flat terrain. 
Flood Water Harvested Water 

• Small stream water flow is dammed and as a result, inundates the valley bottom of the flood plain. The 
water is forced to infiltrate and the wetted area can be used for agriculture or pasture improvement 

 
ILLUSTRATIONS/DIAGRAMS/PHOTOS 

 
Figure 47. Example of a tank to collect rain/flood water 

EQUIPMENT 
• Shovel/spade, same equipment to prepare a planting pit or infiltration ditch. 

WORK NORMS 
Activity  Work norm  
Infiltration Ditch 

Soft soil 
 Medium soil 
      Hard soil 

 
74min/10m3/person 
110min/10m3/person 
145min/10m3/person 

RE-DRAW 26 
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Drain trenching: 
Soft soil 

 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person 
22min/1.5m3/person 

Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Brush on site  
 
Spread 1 bundle  
(mulch, brush, etc.) 
 
Walking with bundle 
(brush or mulch) 

150m2 / pd 
 
100seconds / 0.6m2 

 

 

0.7m/s  
(bundle = 0.5m2) 

Grass sodding 5min/1m2/ person 
 
RISK MANAGEMENT 

• Regular maintenance 
• Limitation water supply due to limited or no rainfall 
• Improperly installed system may attract mosquitoes and other waterborne diseases 
• Ensure proper storage limits are adhered to. Always include and overflow pipe so excess water can 

escape from the structure. 
VARIATION & ADAPTATIONS 
 
SEASONAL VARIATIONS 
Construction needs to be undertaken during dry months, so it is ready for the wet season. 

MAINTENANCE 
• Embankments must be protected from trampling by livestock 
• The catchment area must be well protected to ensure water quality due to soil erosion 
• Rescue team must be trained and setup in the communities to manage drowning accident. 
• Tank owners (beneficiary) should be provided with skills for the maintenance, repairs. 

 
REFERENCES 
SPECIFIC DEFINITIONS 
Rainwater harvesting -is the activity or process of collecting, storing, and conserving local surface runoff for 
agriculture and household use in arid and semi-arid regions, to supplement water availability. 

Flood water harvesting can be defined as the collection and storage of creek flow for irrigation use 

SEE ALSO 
16. EXCESS WATER REUSE 
18. STORAGE TANKS (ABOVE GROUND) 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS / DRAINS/ SWALES 

FURTHER REFERENCES 
a. Pachpute, J. S. et al. 2009 Sustainability of Rainwater Harvesting Systems in Rural Catchment of Sub-

Saharan Africa. Water Resource Management (2009) 23:2815-28-39. Doi.10.1007/s11269-009-9411-8 
b. MFRSC 2018: Physical SWC Conservation Measures 
c. Mishra, A., and Mal. B. C.  Soil and Water Conservation Engineering. AgriMoon.com 
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18. STORAGE TANKS (ABOVE GROUND)  
OVERVIEW 
Above ground storage are man-made water storage systems to store water harvested from the streams or roof 
tops.  The tanks can be made of various materials – stone, concrete- or prefabricated materials (galvanized iron, 
pvcs). Masonry built tanks are preferred types by rural communities and are included in the Lesotho soil and 
water conservation programmes at community level. They can be used to store water emanating from any water 
harvesting system. 

OBJECTIVES 
• Provide communities with skills to construct an above ground water tank, e.g., from a roof 
• Provide an alternative source of water 
• Use “lost” water for productive use (domestic use, agriculture, fish farming, livestock use)  

CATCHMENT PERSPECTIVE 
• The communities within the catchment will become aware of how best to use the available resources and 

material for solving livelihood problem and cutting down costs such as distances to the water sources, 
• Ensure better crops and livestock yield because easy access to water 
• Reduction of land degradation due to traffic water sources – 
• Use of “lost” water for productively 

CRITERIA 
• Access to water harvesting system sources – streams, available and appropriate root 
• Availability of material for construction – rocks, gravel, and sand 
• Safety and ease access – infestation by insects and animal pest 

BENEFITS 
• Water available all the time for domestic and agro-pastoral production 
• Controls of gullies through diversions to the harvesting systems 
• Provision of clean potable water 

MANAGEMENT 
LEAD DEPARTMENT 
Department of Water Affairs 
OWNERSHIP & RESPONSIBILITY 

• Land user  
• Household 
• Community 

LIVELIHOOD 
• improved access to water.  
• improved health,  
• improved crop productivity, and  
• improved household 

METHOD STATEMENT 
METHODOLOGY 
The construction of the pond will only be meaningful to the communities if they are involved in the process leading 
to its construction. Stakeholder consultations should be the first step 

Once community understands the process and its implication the following issues should be resolved: 
• The tank must always be circular, hemi-spherical or spherical (ball shaped) in order to apply water 

pressure equally on the tank walls. Square or rectangular tanks are more likely to crack 
• Reduction of water loss and pollution – cover should be included 
• Health safety precaution – all surfaces smooth for of cleaning 
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Construction Requirements and materials: rough sand, stones, clean water, reinforcement wire (wire mesh), 

cement, reducer, local skilled builder,  
Construction Procedure 

1. Use sun-baked, compressed soil bricks standing on a base of approximately 1.5 m diameter to construct 
the cylindrical tank 

2. Make an exact circle using a wire tied to a vertical pipe erected in the centre of the foundation as a guide. 
Excavate the circle to a depth of one brick for the foundation   Figure 48 

3. Make a level base of bricks on the foundation with the bricks interfiled with cement 
4. Build a circular wall of bricks from the edge of the base to a height of approximately 1 meter (depending 

on the clearance of the overhanging roof) to make a cylinder,  Figure 49 
5. Reinforce tanks built of bricks or blocks with building wire, wrapped as a spiral tightly around the exterior 

tank walls. 
6. Tie the first 4 rounds at the foundation, followed by a spiral (spaced 5 cm) for the lower 1 meter of the 

tank. For the rest of the tank (above 1 m height), continue the spiral with a spacing of 10 cm. 
7. Plaster the outside of the tank with 2 cm of mortar. Plaster the interior wall and floor with 2 cm of mortar. 

Apply waterproofing agent onto the mortar with a square steel trowel to waterproof the tank,  Figure 50.  
8. Direct the gutters into the tank to store the rainwater,  Figure 51 
9. Remember to leave space for an overflow or install and overflow pipe near the top of the wall, about 

10cm from the top. The area below the overflow should be strengthened and overflow water should be 
directed by a small swale or berm to a planting pit. The overflow pipe can be covered with a piece of 
cloth, so the water can flow out and air can escape as the tank fills up, to prevent insects flying into the 
pipe and inside the tank. 

10. Make the lid from two sheets of corrugated iron, cut to shape with an overlap. Cement one sheet to the 
tank.  Leave the other sheet free so it can be lifted off and water removed. Place bricks on the loose 
sheet to hold it down so the wind does not blow it off. 

Gutters 
1. Construct gutters using plain galvanized iron, split bamboo, or sisal poles 

a. Install gutters on the roof to drain rainwater from roofs to storage tanks. Gutters can be tied to the 
roof with rope, sticks or hangers made from galvanized wires,  Figure 51 

b. Where possible the gutters should be mounted to a splashguard to divert water straight into the 
gutter. 

2. Calculating volume of water from roof catchment 
a. Determine the area of the roof in square metres e.g., 5 m x 4 m = 20 m2 
b. Determine the average annual rainfall in mm e.g., 1000 mm = 1 m 
c. Calculate the volume of the water generated e.g., 20 m2 x 1 m = 20,000 litres (minus 10% losses) 

3. Determine the size of the tank/ reservoir e.g., a 2,000 litre tank will fill about 9 times 
 

ILLUSTRATIONS/DIAGRAMS/PHOTOS 

  Figure 48. Laying the foundation of the tank. 
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 Figure 49. Plaster the outside of the tank. 

 Figure 50. Plaster the inside of the tank walls including a waterproofing 
sealant. 

 Figure 51. Install the gutter or collection system to drain into the tank, and 
cover over the tank. 

EQUIPMENT 
• Collection system: 
• Conduits,  
• gutter or metal or plastic gutter. 
• Storage tank: 
• Oven-baked bricks 
• Cement 
• Waterproofing agent 
• Rope 
• Barbed wire or building wire 
• Corrugated iron sheets or netting to cover the tank and keep debris and mosquitoes out 

Key dimensions and material quantities: 

A tank of: Unit  Quantity 
Tank diameter  m 1.5 
Tank height m 1 
= Storage volume  l 1767 
Requires materials:   
Total no of burnt bricks  No. 380 
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(size 9 x 4 x 3 inches) 
Total length barbed wire m 110 
Total volume of mortar m3 2.5 
Corrugated iron sheet m2 1.8 

WORK NORMS 
Activity  Work norm  
Prepare the site and dig foundation 11min/1.5m3/person 
Brick laying (including wire tying) 8.3min/1m2/person 
Plastering (and smoothing) 5min/1m2/ person 

RISK MANAGEMENT 
• There must always be an overflow pipe so excess water can easily escape from the tank. 
• Regularly check for leaks if there are any leaks repair immediately. 
• Cover the opening of the tank with some shade cloth or netting and a lid. The netting will help catch any 

debris that blows or falls into the tank, and the lid to prevent debris blowing or falling into the tank. Debris 
that falls into the tank is difficult to remove and will rot polluting the water in the tank. 

• Ensure the cement is dry before filling the tank with water. 
VARIATION & ADAPTATIONS 
SEASONAL VARIATIONS 
Tanks should be built during the dry months.  

MAINTENANCE 
• Regularly check the tanks for any leaks and repair immediately 
• Water source areas (rooftops/micro catchment) need periodic maintenance to ensure reliability of water 

supply 
• In dry seasons the water conveyance system should be checked for repairs 
• Flush off all water at the beginning of the rainy season to remove sediment and other debris 
• Manage water to sustain the system for a long time. 

REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO 
15. SPRING/SEEP PROTECTION 
17. RAINWATER HARVESTING 

FURTHER REFERENCES 
a. Braid, S.G. (ED) (2019). Green Village: Community-Based Catchment Management Guidelines. Water 

Research Commission. Report No K5/2508. Pretoria, South Africa. 
b. Nissen-Petersen E. 2006. Water from Roofs. A handbook for technicians and builders on survey, design, construction, and 

maintenance of roof catchments. ASAL Consultants Ltd. and Danish International Development Assistance (Danida): 
Kenya 

c. MDGF. 2012. Rainwater Harvesting. Accessed online at http://wiki.mdgfund.net/Rainwater_Harvesting.   
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19. WATER ABSORPTION PITS / INFILTRATION TRENCHES 
OVERVIEW 
The biggest challenge to mitigate soil erosion is through runoff management, to reduce the volume and the speed 
of runoff water across the soil. Infiltration trenches are shallow excavations with rubble or stone that create 
temporary subsurface storage of runoff, thereby both enhancing the natural capacity of the ground to store and 
drain water, but also reduce the volume of runoff across the slope. Infiltration trenches allow water to seep into 
the surrounding soils from the bottom and sides of the trench. 

OBJECTIVES 
• To reduce the volume of runoff across a slope by trapping and retaining the water in ditches or pits in the 

ground. 
• To dig infiltration pits in areas that receive significant rainfall 
• Water will infiltrate into the soil rather than travel overland either as sheet flow or channelling causing 

erosion 
• Doing so will reduce damage to crops and villages from overland flow and increase the underground 

water table to lengthen the time you can use the village borehole 
CATCHMENT PERSPECTIVES 
Infiltration trenches can capture runoff flow from a hillside area or concentrated flow from open channels or 
gullies, including stormwater outlets form roads. This will decrease soil erosion and lead to less sediment in the 
rivers. However, having TOO MANY trenches e.g., thousands in a small area, will impact the hydrology of the 
area and water logging of the soil, and can lead to landslides. 

CRITERIA 
• Suitable for small catchments  
• Areas of high runoff and steep slopes. 
• Where cropping is located on slopes above the village. 
• It is labour intensive, so where labour to dig the trenches is readily available. 

BENEFITS 
• Reduces the sheet flow after rain and decreases the damage to crops and homesteads 
• Flood risk is reduced when the water infiltrates into the soil 
• There is less erosion and riverbanks are better protected after heavy rain 
• Increased water security due to increased ground water which gives longer use of boreholes and 

recharges the river base flow in the dry months 
MANAGEMENT  
LEAD DEPARTMENT 

• Department of Water Affairs 
• Department of Soil and Water Conservation 

OWNERSHIP & RESPONSIBILITY 
• Village 
• Chieftainship 
• Landowner 
• Municipality 

LIVELIHOODS 
The trenches catch runoff in high rainfall areas, this holds the water so that it can seep into the ground and 
recharge groundwater. The reduced runoff and speed of runoff reduces the occurrence of erosion and silt in water 
bodies don stream. Improved groundwater contributes to improved crop productivity and access to water, which in 
turn contribute towards household food security and nutrition. 
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METHOD STATEMENT 
METHODOLOGY 
Planning 
1. The design of the trenches should be able to handle the largest likely storm each year. This will control water 

discharge and runoff for the majority of rainfall events 

Number of trenches 
1. The number of trenches that need to be dug will depend on the area of the hills from which the runoff water 

will drain. If water drains from a hill of 1 hectare (100 meters by 100 meters), only one infiltration trench would 
be needed. If the hill area is 50 hectares (1000 metres by 500 metres) then you would need roughly 50 
trenches (rule of thumb is 1 trench per hectare, 5m long along the contour, 1m wide and 1-2m deep). 

2. Having too many trenches will retain more water in the underground water table and might limit water going 
elsewhere, resulting in landslide. Figure 14 

Placement 
1. Where possible, the placement of trenches should stop direct flow going down the hill and should be spaced 

evenly across contours if the hill slope is even. Vegetated waterways or other runoff management 
interventions can be directed into infiltration trenches to retain flow.  

2. The trenches should run across the hillslope and not vertically up the slope, i.e.               not > 
3. The trenches should be staggered between rows, i.e., the lower trench catches runoff from the area in 

between the upper trenches. 
4. They should be placed above the village and the area under crop. 
5. The trenches are not continuous, rather a series of individual large rectangular holes in rows around the hill 

slope. 
Criteria for trench size 
1. Based on slope 

a. If the slope is even, make the trench approximately 5 metres long (around the hill), 1 metre wide and 
1-2 metre deep 

b. If the slope makes a channel, bringing the water together, make the trench approximately 3 metres 
long, 2 metres wide and 1-2 metre deep 

2. Based on soil 
a. If the soil has a lot of clay and water infiltrates slowly, the trench should be deeper, up to 4 metres for 

very clay soil 
b. If water infiltrates fast, having a depth of 1 metre should be sufficient 
c. These dimensions serve only as a guide and each trench should be made relative to the slope and 

soil type 
Construction 
1. Only start digging trenches once they have been planned out on the village map 
2. Making these trenches will take time and will take diggers away from spending time tending to their crop 

fields. The village will need to act together to support the diggers because they will all benefit from the work 
they are doing 

3. Dig the trenches to the needed size using teams of village volunteers 
4. Slope the uphill slide of the trench, so that if animals such as tortoise and snakes fall in the trench, then they 

can climb out 
5. While the diggers are making the trench, other teams should bring large stones and small rocks to the digging 

site. They should also bring banana leaves. 
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6. Once the trench is dug, put a 30 cm layer of the banana leaves all along the bottom of the trench, and fill with 
rocks and stones on top. If there is not a good supply or rocks and stones, then ensure the bottom of the 
trench is covered and there is a slope for animals and people to escape if they fall in. 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

 
Figure 52. Schematic of an infiltration trench. 

  
Figure 53. Example of an infiltration trench at the bottom of a field, receiving water from the vegetated waterway.

 

RE-DRAW 27 

& visible text 
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Figure 54. Example of TOO MANY infiltration trenches on a steep slope. 

EQUIPMENT 
• Measuring string or tape measure 
• Pegs 
• Shovel/spade 
• Hoe / Mattock 
• Rocks and stones 

WORK NORMS 
Activity  Work norm  
Infiltration Ditch 

Soft soil 
 Medium soil 
      Hard soil 

 
74min/10m3/person 
110min/10m3/person 
145min/10m3/person 

Drain trenching: 
Soft soil 

 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person 
22min/1.5m3/person 

Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Brush on site  
 
Spread 1 bundle  
(mulch, brush, etc.) 
 
Walking with bundle 
(brush or mulch) 

150m2 / pd 
 
100seconds / 0.6m2 

 

 

0.7m/s  
(bundle = 0.5m2) 

Grass sodding 5min/1m2/ person 

RISK MANAGEMENT 
• Too many trenches and too close together can lead to waterlogging of the soil, especially on steep slopes 

can result in landslides. Figure 13. 
• High clogging potential without effective pre-treatment – not for sites with fine particle soils (clay/silts) in 

upstream catchment  
• Build-up of pollution difficult to see if not inspected regularly 
• High historic failure rate due to poor maintenance, wrong siting, or high debris input 
• Limited to relatively small catchments. 

VARIATIONS & ADAPTATIONS 
Condition Adaptation 
Soil If the soil has a lot of clay and water infiltrates slowly, the trench should be deeper, 

up to 4 metres for very clay soil  
If water infiltrates fast, sandy soil, having a depth of 1 metre should be sufficient. 

Slope • If the slope is even, make the trench approximately 5 metres long (around the 
hill), 1 metre wide and 1-2 metre deep 

• If the slope makes a channel, bringing the water together, make the trench 
approximately 3 metres long, 2 metres wide and 1-2 metre deep 

• If there is stormwater from a road also draining onto the site, then add an 
additional trench per culvert drain. 

Altitude Infiltration trenches should dug in the upper catchment areas  

SEASONAL VARIATIONS 
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• Construction of the infiltration trenches should be done during the dry months. Regular inspection during 
wet months to check for any issues and repair. 

MAINTENANCE 
• Each trench should be checked for build-up of leaves and branches once before the wet season and after 

major storms. 
• The trench should drain of water between 1 and 3 days. If it still has water in it after 3 days there might be 

sedimentation in the trench and this should be cleaned out by removing the sediment, or the dimensions of the 
trench are too small and the trench should be made wider. 

REFERENCES 
SPECIFIC DEFINITIONS 
Infiltration – the process of liquid (preferably water) seeping into the soil or ground; usually associated with 
ground water recharge. 

SEE ALSO GUIDELINES 
8. CONTOUR BUNDS AND VEGETATED RIDGES  
23. CUT OFF DRAINS 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS/ DRAINS / SWALES 

FURTHER REFERENCES 
a. Metropolitan Council/ Barr Engineering Co. 2001. Minnesota Urban Small Sites BMP Manual. Chapter 3 
b. Braid, S.G. (ED) (2019). Green Village: Community-Based Catchment Management Guidelines. Water 

Research Commission. Report No K5/2508. Pretoria 
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20. DETENTION PONDS  
OVERVIEW 
OBJECTIVE 
Detention ponds serve as temporary water storage, “detaining” or slowing down runoff water. The water is 
released back into the natural flow at a controlled rate to reduce the energy, volume, and potential for flooding. 
They all release the water back into the natural flow over a period of 24 – 72 hours.  

CATCHMENT PERSPECTIVE 
Detention ponds can be used throughout the catchment, but the size, cost & design requirements increase 
significantly the lower down in the catchment they are implemented, as they will need to be bigger in size to hold 
more volume of water the further down the catchment. They can be used in farm level or in urban situations. 
Large detention ponds in lower catchment areas should be designed by dam or structural engineers, as they will 
require more formal and technical design including spillways, vents, and meet dam safety requirements of the 
dam wall. 

BENEFITS 
Small detention ponds are relatively cheap and easy to construct. They can serve multiple purposes during the 
dry season, including grazing area or harvesting of fodder grass for livestock. 

CRITERIA FOR APPLICATION 
The critical requirement for detention ponds is the space to locate the pond where it can safely hold and detain 
the runoff, and not pose a threat to any houses or infrastructure. Detention ponds are useful in different locations 
within the landscape, in particular along roads with high runoff and poor stormwater management, upstream of 
areas prone to flooding, and in fields to reduce potential of erosion. Detention ponds are also applicable in the 
formal settling such as urban areas prone to flooding, Figure 16. 

MANAGEMENT 
LEAD DEPARTMENT 

• Department of Water Affairs 
• Department of Soil and Water Conservation 

OWNERSHIP & RESPONSIBILITY 
• Land owner 
• Land user 
• Village 
• Municipality 
• Local Authority 

LIVELIHOOD OPPORTUNITY 
Detention of runoff water reduces the volume and speed of runoff water, thereby preventing erosion along the 
runoff channel. The temporary storage of water provides for infiltration and ground water recharge, thereby 
retaining water into the landscape. 

METHOD STATEMENT 
METHODOLOGY 

1. Identify an area that is large enough for the detention pond where it won’t cause problems if it overflows, 
i.e., downslope of houses rather than upslope. The location must also be suitable for the relevant 
waterways or channels to drain to, by gravity.  

2. Pond Capacity – The detention pond should be designed so that it is able to half-empty within a period of 
24 hours in order to allow for multiple storm events. Some ponds are designed to store water for even 
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shorter periods such as 6 to 12 hours. Within calculating the pond capacity, local catchment hydrology 
should be taken in account. Detention ponds can be typically designed for 10-, 20-, and 50-year storms, 
depending on the local requirements (Nilsson, 2004). 

3. The ideal length-to-width ratio is 5:1. This allows the ponds to be designed to be long and narrow to 
maximise the area in which sedimentation can occur. The bottom surface should be gently sloped 
downhill to ensure it drains completely to prevent standing water. The maximum water depth of the pond 
should not exceed 3 metres of storage and ideally another 0.5-1m freeboard, so the banks don’t overtop. 
If the identified site doesn’t have a natural depression, the pond can be excavated to meet the necessary 
design requirements. 

4. The detention basin side slopes should not be steeper than 3:1 (3%). Flatter slopes help to prevent 
erosion of the banks during larger storms and make routine bank maintenance tasks (such as mowing) 
easier and allow access to the basin. 

5. The inlet and outlet should be situated on opposite ends of the pond to maximise the flow path within the 
pond.  

6. Starting at the point of entry of the runoff water, using an A-frame measure out the dimensions of the 
pond, and peg them accordingly. 

7. Dig the pond prior to digging any connecting channels or waterway ditches. Otherwise, you may end up 
with a muddy workspace that is difficult to seal and prepare properly.  

8. Use the backhoe to remove dirt from the centre of the pond and position it around the edges, forming the 
pond's banks.  

9. Identify a safe spillway area, for overflow pond water to exit when water levels run high. For this purpose, 
you may want to build the banks up higher than you actually intend them to go, and then leave a gap 
where you plan for any excess water to escape. You'll need to create a path leading away from the pond 
toward a stream or river to direct this overflow water. 

10. Where water needs to be retained for longer, spread heavy clay soil throughout the pond bed so that you 
have at least a 30cm thickness throughout. Use the cattle herds, where heavy machinery Is not available, 
to tamp down this clay layer so that it is for all practical purposes seamless. This will ensure that the pond 
is capable of retaining water indefinitely. 

11. The most critical part of the detention pond is the outlet. It must be able to retain the water in the pond for 
24-72 hours. Detention ponds needs outlet control in order to release the water that they have been 
detaining. Outlets should be built into the interior embankment of the pond for ease of access. Outlets in 
large detention ponds usually take the form of a „hard‟ engineered structure, such as a culvert or weir. A 
grated cover should be placed on the opening of the outlet to prevent access to the pipe. This will also 
help prevent debris clogging the pipe. In small ponds an outlet pipe is suitable but must still be protected 
from debris clogging it. Refer Annexure F: Calculating pipe diameter, to determine the volume capacity of 
the pond and the outlet pipe diameter. 

12. The area below the outlet must be protected by stones and gravel to prevent erosion. 
13. Vegetation provides erosion control and allows sediment entrapment. A detention pond is usually a grass 

structure but can allow for native vegetation within the design. The vegetation type can be used to dictate 
the ponds other intended uses (Nilsson, 2004).  

ILLUSTRATIONS, DIAGRAMS/PHOTOS 
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Figure 55. Example of a detention pond adjacent a road. 

 

Figure 56. Example of detention pond in an urban setting, in the City of Rotterdam, Netherlands, collects the stormwater from 
the surrounding roads, and slowly releases back into the stormwater network. (Hoyer et al., 2011) 

EQUIPMENT REQUIREMENTS 
Depending on the size of the pond the use of hand tools up to bulldozers may be used. 

• A-frame to measure out the area of the detention pond 
• Pegs or markers of measured points 
• Shovels, spades to dig where necessary 
• Clay-soil to line the pond if necessary 
• Stones and gravel to line inlet, outlet, and spillway points to prevent erosion  
• Grass to line the pond 
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WORK NORMS 
Activity  Work norm  
Drain trenching: 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person  
22min/1.5m3/person 

Infiltration Ditch 
Soft soil 

 Medium soil 
      Hard soil 

 
74min/10m3/person 
110min/10m3/person  
145min/10m3/person 

Bank sloping:   
 Soft soil 

               Medium soil 
              Hard soil 

 
5.2m3/pd (with geotextile 3.8m3/pd) 
3.8m3/pd (with geotextile 2.8m3/pd) 
2.9m3/pd  (with geotextile 2.1m3/pd) 

Grass sodding 5min/1m2/ person 
Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Time for mixing cement, plumbing with outlets, etc is not included. 

RISK MANAGEMENT 
• The basin of the pond must not have a slope steeper 3%.  
• The detention pond should be designed so that it is able to half-empty within a period of 24 hours in order 

to allow for multiple storm events. 

VARIATIONS & ADAPTATIONS 
Refer to Annexure F: to calculate the volume or capacity of the pond, and the dimensions of the inlet and outlet 
pipe. 

Condition Adaptation 
Soil Sandy soil, the water will also infiltrate into the ground 

Clay soil, the water will be retained in the pond for longer 
Slope The steeper the slope, the faster the speed of the inflow into the pond 
Rainfall In high rainfall areas, it will be necessary to design for a specific detention time 

period, to ensure the pond does not exceed capacity and overtop during rain 
events. 

SEASONAL VARIATIONS 
Detention ponds should be able to provide enough capacity for the wet season and would therefore not require 
other seasonal variation 

MAINTENANCE  
• Banks must be inspected every 6 months for burrowing animals and invasive plant roots that might 

weaken the banks 
• Regular inspection of the outflow, especially during the wet season, to check for the back up or blockage 

of debris preventing the pond from releasing flow. Debris should be removed regularly to prevent 
overtopping of the pond. 

• Silt build-up must be monitored after every major storm event and sediment removal must be done when 
the outflow is starting to be reduced. Remove sediment from the basin as necessary, and at least once 
every 10 years or when the basin is 50% full. 

REFERENCES 
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SPECIFIC DEFINITIONS 
Detention – allows for the temporary storage of runoff, reducing the volume and the speed of runoff at a 
particular point. A detention pond drains dry. 
Retention – the long-term storage of runoff water, removing it from the system and holding it in the pond. A 
retention pond permanently has water in it. It has a large freeboard to allow for additional storage capacity during 
wet months. 

SEE ALSO 
8. CONTOUR BUNDS / VEGETATED RIDGES 
21. ROADSIDE DRAINAGE AND MITRE DRAINS 
23. CUT-OFF DRAINS 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS/ DRAINS /SWALES 
 
FURTHER REFERENCE 
a. Hoyer, J., Dickhaut, W., Kronawitter, L. & Weber, B., 2011. Water Sensitive Urban Design: Principles and 

inspiration for sustainable stormwater management in the city of the future. Berlin: Jovis Verlag GmbH. 
b. Nilsson, M., 2004. Stormwater BMP Design: Basins. Ellicott City: Oklahoma State University. 
c. Rohrer, A.R., (2014). Cape Town’s Ponds. Thesis submitted in partial fulfilment of the requirements for the 

degree of Bachelors of Science in Civil Engineering (BSc Eng.), Department of Civil Engineering, University of 
Cape Town, South Africa  

d. https://www.susdrain.org/delivering-suds/using-suds/suds-
components/retention_and_detention/Detention_basins.html 
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7. RUNOFF MANAGEMENT 
The greater the volume and velocity of surface water runoff on a site, the more erosive force and more sediment 
and other pollutants can be transported to streams, wetlands, and lakes. Diverting runoff away from exposed soils 
can greatly reduce the amount of soil eroded from a site. Decreasing runoff velocities reduces erosion and the 
amount of pollutants carried off the site.  

The objective of runoff management interventions is to divert runoff water away from exposed areas and/or to 
reduce runoff velocities. Examples of runoff interventions that divert runoff from exposed areas include diversion 
swales, slope drains and vegetated drains. Examples of runoff interventions that reduce runoff velocities include 
check dams, mitre drains, and energy baffles.  

Divert runoff away from denuded areas. When vegetative cover is removed from land, the soil becomes highly 
susceptible to erosion. Runoff from areas that have been denuded should not be allowed to cross the exposed 
soils, particularly when the denuded areas are on slopes. Use diversion dykes or swales to divert upland runoff 
away from a disturbed area to a stable outlet.  

Minimize length and steepness of slopes. Slope length and steepness are among the most critical factors in 
determining erosion potential. Increasing slope length and steepness increases the velocity of runoff, which 
greatly increases its erosive energy. If slope steepness is doubled while other factors are held constant, soil loss 
potential is increased 2-1/2 times. If both slope steepness and length are doubled, soil loss potential is nearly 4 
times greater. To prevent erosive velocities from occurring on long, steep slopes, interrupt the slopes at regular 
intervals using barrier or trap techniques such as earth berms, swales, or cut-off drains.  

Keep runoff velocities low. The energy of flowing water increases as the square of the velocity, that is, as the 
velocity doubles, the erosive energy will quadruple, and the water can theoretically move particles 64 times larger 
by volume. Channel velocities can be kept low by lining drainage ways with rough surfaces such as vegetation 
and riprap, by designing broad, shallow flow areas, and by constructing check dams at frequent intervals. 
Concrete channels, although efficient and easy to maintain, remove runoff quickly, often resulting in downstream 
channel erosion and flooding.  

There are 6 interventions supporting the runoff management control measure: 

21. PATHWAY, ROADSIDE DRAINAGE AND MITRE DRAINS  
22. ENERGY BAFFLES / SEDIMENTATION BAFFLES 
23. CUT-OFF DRAINS 
24. GRASSED / VEGETATED WATERWAYS, CHANNELS/ DRAINS/ SWALES  
25. LEVEES EARTH BERMS 
26. PLANTING PITS / INFILTRATION PITS 
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21. PATHWAY, ROADSIDE DRAINAGE AND MITRE DRAINS 
OVERVIEW 
OBJECTIVE 
Mitre Drains are used to divert water off roads and foot paths to reduce the accumulation of water in roads and 
reduce the speed of the runoff. If water accumulation is not reduced, it can result in erosion and damage to road 
infrastructure or start erosion gullies in foot paths. 

CATCHMENT PERSPECTIVE 
Mitre drains must be applied along roads and pathways, including cattle tracks, in all aspects of a catchment.  

BENEFITS 
a. Reduce erosion. 
b. Prevent damage to the road or pathway 
c. Improve road and pathway usage in wet conditions. 
d. Reduce maintenance cost. 
e. Reduce sedimentation deposited by runoff.  

CRITERIA FOR APPLICATION 
• The drains must be large enough to handle the peak run-off. 
• To be applied at locations where runoff from roads and pathways cause erosion. 
• To be applied in areas where the in-situ material and the topography are susceptible to erosion. 

MANAGEMENT 
LEAD DEPARTMENT 

• Department of Roads 
• Department of Livestock (applicable to cattle tracks and pathways) 

OWNERSHIP & RESPONSIBILITY 
• Local Authorities 
• Villagers 
• Cattle herders 

LIVELIHOOD OPPORTUNITY 
Can serve as grazing during the dry season. 
Labour for construction and maintenance. 
 
METHOD STATEMENT 
METHODOLOGY: 

1. Plan the layout of the mitre drains depending on the cross-slope of road. I.e., If the road has a clear cross 
slope4, mitre drains must be built across the entire surface of the road. Where there is little cross slope, 
mitre drains can drain to both sides of the road. 

2. Excavate the table drain (refer guideline vegetated waterway) along the side of the road to collect the 
road run-off water and slow the water down before it gets to the mitre drain. 

3. Shape the edge of the road surface to have enough slope to let water run off the surface into the side 
channels/table drain.  

 

 
4 Cross slope refers to the camber of the road, or where ethe road is raised in the middle or to one side. 
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4. Use the table below to determine the spacing of the drains. Set pegs along the side of the road to mark 
where the drains should be dug. 
 
 
 
 
 
 
 
 
 
 
 
Additional information on calculating slope refer to ANNEXURE C. Calculating Slope 

5. If the drain runs across the width of road, excavate it at 45º to the direction of the road. 
6. Excavate the channel of the drain and put the excavated soil on the downhill side of the drain as a berm. 
7. Shape the channel sides and berm with a 1:4 slope at most to allow vehicle to cross it. 
8. Direct the mitre drain at a 45° angle away from the road. 
9. Make the drain channel gradually wider shallower towards the outlet. 
10. For roads running straight down-hill, mitre drains must be constructed on both sides of the road. See 

table 1 for the appropriate spacing per slope. 
11. On roads running across the slope of the hill, water must be safely diverted to the lower side of the road 

with either Culverts or pipes under the road, or mitre drains can be constructed across the entire width of 
the road. 

12. The mitre drains across roads must be constructed with slight enough slopes to allow vehicles to drive 
over them without problem. 

 

 
Figure 57. Diagram of location of mitre drains along a roadside. 

 
ILLUSTRATIONS, DIAGRAMS/PHOTOS: 

Slope Mitre Drain Spacing (m) 
% Gradient 
0.5 1:200 170 -180 
1 1:100 120 – 130 
2 1:50 90 – 100 
3 1:33 70 – 80 
4 1:25 60 – 70 
5 1:20 55 – 60 
6 1:17 50 – 55 
10 1:10 40 - 45 
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Figure 58. Example of roadway drainage. 

RE-DRAW 28  

& visible text 
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Figure 59. Erosion on pathways and roadsides must be fixed promptly to prevent it eroding further, use check 
dams and silt traps, (S. Braid). 
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Figure 60. Example of a mitre drain 

EQUIPMENT REQUIREMENTS 
• Pickaxe 
• Shovels 
• Compacter where available 
• Road Grader where available 
WORK NORMS 

Activity  Work norm  
Drain trenching: 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person 
22min/1.5m3/person 

Contour bund 
Soft soil 

 Medium soil 
      Hard soil 

(dig furrow and ridge soil) 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Shallow Trenching:                    
Soft soil 

Medium soil 
   Hard soil 

 
6.3min/0.9m3/person 
9.5min/0.9m3/person 
12.7min/0.9m3/person 

Infiltration Ditch 
Soft soil 

 Medium soil 
      Hard soil 

 
74min/10m3/person 
110min/10m3/person 
145min/10m3/person 

Grass sodding 5min/1m2/ person 
Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
 

RISK MANAGEMENT: 
• The longitudinal slope of the drains must be low and constant, to ensure controlled release into the 

natural veld. 

VARIATIONS & ADAPTATIONS 
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Condition Adaptation 
Soil Ensure that the mitre drain is sufficiently compacted for the soil type. I.e., sandy soil 

must be compacted more than clay soils 
Slope Spacing is determined by the slope of the road. See above Table 
Rainfall Severe storms may cause damage to mitre drains and needs to be monitored 
Altitude No limitations 

SEASONAL VARIATIONS 
None 
MAINTENANCE  

• Mitre drains have to be maintained by clearing vegetation, repairing eroded sections, and removing 
siltation. 

• Eroded side drains have to be repaired by filling the eroded sections with rocks with a minimum diameter 
of 0.2 m. 

• Where gully erosion has formed use check dams to repair, Refer Guideline 30. Check dams. Check dam 
walls have to be inspected routinely and erosion around the edges of the check dam walls must be 
repaired.  

• Can plant stoloniferous or rhizomatous (spreading) grass between mitre drains or barriers. 
REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO 
22. ENERGY BAFFLES / SEDIMENTATION BAFFLES 
23. CUT-OFF DRAINS  
24. GRASSED/VEGETATED WATERWAYS, CHANNELS/ DRAINS /SWALES  
30. CHECK DAMS 

FURTHER REFERENCE 
a. http://www.nzdl.org/cgi-bin/library 
b. http://lgam.wikidot.com/mitre-drain 
c. www.lrm.nt.gov.au 
d. SANRAL. 2013. Drainage Manual – 6th Edition. Pretoria: SANRAL 
e. Braid, S.G. (ED) (2019). Green Village: Community-Based Catchment Management Guidelines. Water 

Research Commission. Report No K5/2508. Pretoria 
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22. ENERGY BAFFLES / SEDIMENTATION BAFFLES 
OVERVIEW 
The outlets of pipes and lined channels are points of critical erosion potential. Stormwater that is transported 
through man-made conveyance systems at design capacity generally reaches a velocity that exceeds the 
capacity of the receiving channel or area to resist erosion. To prevent scour at stormwater outlets, protect the 
outlet structure and minimize the potential for downstream erosion, a flow transition structure is needed to absorb 
the initial impact of flow and reduce the speed of the flow to a non-erosive velocity. 

Energy baffles are engineered devices such as rip-rap aprons (rocks in concrete) or concrete blocks placed at the 
outlet of stormwater conveyances for the purpose of reducing or dissipating the velocity, energy, and turbulence 
of the discharged flow.  

 OBJECTIVES  

• To reduce the velocity and turbulence of the water flowing through the measure, and to facilitate the 
settling of sediment from the water 

CATCHMENT PERSPECTIVES 
Porous baffles effectively spread the flow across the entire width of a sediment basin or trap. Water flows through 
the baffle material, but is slowed sufficiently to back up the flow, causing it to spread across the entire width of the 
baffle. 

Spreading the flow in this manner utilizes the full cross section of the basin, which in turn reduces flow rates or 
velocity as much as possible. In addition, the turbulence is also greatly reduced. This combination increases 
sediment deposition and retention and also decreases the particle size of sediment captured. 

CRITERIA 
• Erosion problems at culvert, pipe and engineered channel outlets are common. Determination of the flow 

conditions, scour potential, and channel erosion resistance should be standard procedure for all 
stormwater outlet designs.  

• Energy dissipators should be employed whenever the velocity of flows leaving a stormwater management 
facility exceeds the erosion velocity of the downstream area channel system, this is especially necessary 
in highland peat wetlands with directed road runoff.  

• Energy dissipator designs will vary based on discharge specifics and tailwater conditions.  
• Outlet structures should provide uniform redistribution or spreading of the flow without excessive 

separation and turbulence. 
BENEFITS 

• Reduce the energy of runoff water to reduce potential for erosion and scouring of channels. 
• Promote sedimentation of silt, to reduce sediment reaching water resources. 

MANAGEMENT  
LEAD DEPARTMENT 
Department of Roads 

OWNERSHIP& RESPONSIBILITY  
• Roads 
• local authorities 
• villages 
• landowners 
• land users 
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LIVELIHOODS 
Constructing and maintaining the buffers can be labour intensive. Reduce energy, reduce soil erosion, reduced 
sedimentation contribute towards improved soil security for livelihood activities. 

METHOD STATEMENT 
METHODOLOGY 
Rip-rap apron: 
A riprap-lined apron is a commonly used practice for energy dissipation because of its relatively low cost and 
ease of installation. A flat riprap apron can be used to prevent erosion at the transition from a pipe or box culvert 
outlet to a natural channel, refer Figure 3 and Figure 4. Protection is provided primarily by having sufficient length 
and flare to dissipate energy by expanding the flow. Rip-rap is essentially a roughened surface using rock 
packing. The rocks can be concreted into place, Figure 6 and Figure 7. 

 
Figure 61. Layout of rip-rap apron to a gentle gradient with no defined channel. 

 
Figure 62. Layout of a rip-rap apron where there is a well-defined channel from the outlet. 

RE-DRAW 29 

RE-DRAW 30 
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Figure 63. Example of a rip-rap lined channel. 

 
Figure 64. Example of a rip-rap apron below a pipe culvert discharge point. 

Concrete Baffles: 
The baffled outlet is a boxlike structure with a vertical standing baffles offset in different rows and an end sill. 
Energy is dissipated primarily through the impact of the water striking the baffles and, to a lesser extent, through 
the resulting turbulence. This type of outlet protection has been used with outlet velocities up to 15m/s. AS the 
baffles received a lot of impact from the flow, ideally, they should be reinforced concrete with rebar. Where this is 
not available, then large boulders can be moved into place on a rip-rap apron. 

 
Figure 65. Example of energy baffles in a stormwater culvert. 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 130         

  
Figure 66. Example of energy baffles in a steep water way. 

 
Figure 67. Example of energy baffle in culverts with a gentle gradient. 

Porous Baffles: 
Porous baffles provide a temporary sediment trap and energy barrier. Water can flow through the fabric barrier, 
but the resistance reduces the energy. These are applicable in low volume sites, as once the baffle is overtopped 
it stops working. 

• The percent of surface area for each section of the baffle is as follows:  
• inlet zone: 25%  
• first cell: 25%  
• second cell: 25%  
• outlet zone: 25%  

• Be sure to construct baffles up the sides of the outlet basin banks so water does not flow around the 
structures. Most of the sediment will be captured in the inlet zone. Smaller particle size sediments are 
captured in the latter cells. Be sure to maintain access to the trap for maintenance and sediment removal.  

• The design life of the fabric is 6-12 months but may need to be replaced more often if damaged or 
clogged. 

The basic concept is 3-rows of suspended fabric e.g., coir fibre. 

CONSTRUCTION  
1. Grade the basin so that the bottom is level front to back and side to side.  
2. Install the coir fibre baffles immediately upon excavation of the basins.  
3. Install posts across the width of the sediment trap. 
4. Steel posts should be driven to a depth of 61cm and spaced a maximum of 1.2m apart. The top of the fabric 
should be a minimum of 15cm higher than the invert of the spillway. Tops of baffles should be a minimum of 5cm 
lower than the top of the earthen embankment.  
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5. Install at least three rows of baffles between the inlet and outlet discharge point. Basins less than 61cm in 
length may use 2 baffles, Figure 12.  
6. Attach a 9-gauge high tension wire strand to the steel posts at a height of 15cm above the spillway elevation 
with plastic ties or wire fasteners to prevent sagging. If the temporary sediment basin will be converted to a 
permanent stormwater basin of a greater depth, the baffle height should be based on the pool depth during use 
as a temporary sediment basin. 
7. Extend 9-gauge minimum high tension wire strand to side of basin or install steel T-posts to anchor baffle to 
side of basin and secure to vertical end posts as shown in Figure 10.  
8. Drape the coir fibre mat over the wire strand mounted at a height of 6 inches above the spillway elevation. 
Secure the coir fibre mat to the wire strand with plastic ties or wire fasteners. Anchor the matting to the sides and 
floor of the basin with 30cm wire staples, approximately 30cm apart, along the bottom and side slopes of the 
basin.  
9. Do not splice the fabric, but use a continuous piece across the basin  
10. Adjustments may be required in the stapling requirements to fit individual site conditions. 

 
Figure 68. Porous baffle cross section. 

 
Figure 69. Schematic of 3-rowed porous baffle 

RE-DRAW 31 

RE-DRAW 32 
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Figure 70. Example of 3-row fabric porous baffles at stormwater outlet. 

Sediment baffles: 
Sediment baffles increase the time taken for water to flow through the basin or a trough, reducing the energy and 
resulting in the deposition of sediment. The baffles essentially create a “maze” that the water flows around or over 
to reach the next chamber. These are useful at water collection points to reduce the sediment in the water before 
collecting it in storage tank. 

  
Figure 71.Schematic view into a sedimentation chamber with baffles. Water flows in on the left at the inlet channel 
and is directed over and under the baffles, eventually to the outlet channel on the right. 

RE-DRAW 33 
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Figure 72. Alternative sedimentation baffle layout. The baffles lengthen the flow time in the sedimentation 
chamber, slowing the energy of the water, causing deposition of sediment. 

EQUIPMENT 

• Large rocks 
• Cement 
• Use matting made of 100% coconut fibre (coir) twine woven into high strength matrix with the properties 

shown in the table: 
Coir Fibre Baffle Material Property Requirements  
Thickness  0.30 in. minimum  
Tensile Strength (Wet)  900 x 680 lb/ft minimum  
Elongation (Wet)  69% x 34% maximum  
Flow Velocity  10-12 ft/sec  
Weight  20 oz/SY (680 g/m2) 

minimum  
Minimum Width  6.5 feet  
Open Area  50% maximum  

 
• Staples should be made of 0.31 cm diameter new steel wire formed into a ‘U’ shape not less than 30 cm 

in length with a throat of 2.54cm in width. The staples anchor the porous baffles into the sides and bottom 
of the basin. 

• Ensure that steel posts for porous baffles are of a sufficient height to support baffles at desired height. 
Posts should be approximately 4cm wide measured parallel to the fence and have a minimum weight of 
18.24n/m. The posts must be equipped with an anchor plate having a minimum area of 0.009 square 
metres and be of the self-fastener angle steel type to have a means of retaining wire and coir fibre mat in 
the desired position without displacement. 

• Use 9-gauge high tension wire for support wire. 
WORK NORMS 
Activity  Work norm  
Silt fencing:   

  Soft soil 
Medium soil                      

Hard soil 

 
44min / m / person 
50min /m / person 
59min / m / person 
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Drain trenching: 
Soft soil 

 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person 22min/1.5m3/person 

Bank sloping:   
 Soft soil 

               Medium soil 
              Hard soil 

 
5.2m3/pd (with geotextile 3.8m3/pd) 
3.8m3/pd (with geotextile 2.8m3/pd) 
2.9m3/pd (with geotextile 2.1m3/pd) 

Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Grass sodding 5min/1m2/ person 

RISK MANAGEMENT 
• Take care to avoid damaging the baffles during cleanout, and replace if damaged during cleanout 

operations. Sediment depth should never exceed half the designed storage depth.  
VARIATIONS & ADAPTATIONS 
The steepness of the slope will affect the rate at which the water flows into the baffles. 
SEASONAL VARIATIONS 
Carry out maintenance during dry months so they are ready for wet months. 
MAINTENANCE 

• Inspect baffles at least once a week and after each rainfall. Make any required repairs immediately.  
• Be sure to maintain access to the baffles. Should the fabric of a baffle collapse, tear, decompose, or 

become ineffective, replace it promptly.  
• Remove sediment deposits when it reaches half full, to provide adequate  
• storage volume for the next rain and to reduce pressure on the baffles.  
• After the contributing drainage area has been properly stabilized, remove all baffle materials and unstable 

sediment deposits, bring the area to grade, and stabilize it. 
REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO GUIDELINES 
20. DETENTION PONDS 
21. ROADSIDE DRAINAGE AND MITRE DRAINS 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS / DRAINS/ SWALES 
28. SILT TRAPS 

FURTHER REFERENCES 
a. McLaughlin, Richard, “Soil Facts: Baffles to Improve Sediment Basins.”  N.C. State University Cooperative 

Extension Service Fact Sheet AGW- 439-59, 2005. 
b. Thaxton, C. S., J. Calantoni, and R. A. McLaughlin. 2004. Hydrodynamic assessment of various types of 

baffles in a sediment detention pond. Transactions of the ASAE. Vol. 47(3): 741-749. 
c. https://www.columbiacountyso.org/Home/ShowDocument?id=8286 
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23. CUT-OFF DRAINS  
OVERVIEW 
A ditch made of soil and stones that protects fields from water runoff, by safely conveying the runoff water to a 
waterway. From there water flows either into the natural drainage system or is harvested in storage facilities for 
further use. Soil dug is heaped to a ridge below the trench, which acts as embankment protection in case of 
overtopping. Stones are placed on the lower side of the ditch to raise the soil wall and to stabilize the ditch, 
reducing the water flow. It is suitable for all land uses; but often constructed between different slopes or land uses  
Cut-off drains can also be used to drain sub-surface water from cultivated land to prevent water logging. However, 
this is more common in irrigation schemes. 
Cut-off drains normally form part of a system of interventions that include Cut-off drains, Contour banks and 
Grassed channels. They are also called diversion furrows. 

OBJECTIVES 
The cut-off drain basically cuts off surface water that possesses erosion risk. It reduces the speed of the water 
and diverts it in a controlled manner to a safe point to release it. 

• To protect cultivated land, compounds, and roads from uncontrolled runoff; 
• To divert surface water around other infrastructure in a manageable controlled manner.  
• To divert water from gully heads; 
• Act as infiltration and water retention ditches (for use in dry season) 
• To divert runoff before reaching gullies, cultivated lands and residences  

CATCHMENT PERSPECTIVE 
Cut off drains can be implemented throughout the catchment, especially where: 

• run-off from the slope above endangers low-lying lands, roads or conservation-treated areas; 
• where a gully is developing and especially where its head cutting has progressed to an advanced stage; 
• where a piece of land or a farm above the slope concentrates run-off which is damaging the land below; 

or 
• where there is a need to collect additional water.  

CRITERIA 
Cut-off drains normally forms part of a system of interventions that include Cut-off drains, Contour banks and 
Grassed channels. When constructed in combination the Cut-off drain can only be built after the grassed 
channel’s vegetation is properly established. 

BENEFITS 
• Diversion of excess water from sensitive areas to safe areas for disposal 
• Reduction/prevention of continued gully erosion 
• Protection of sensitive bottom land from hillside runoff. 

MANAGEMENT 
LEAD DEPARTMENT 

• Department of Soil and Water Conservation 

OWNERSHIP & RESPONSIBILITY 
• Farmers 
• Land owners 

LIVELIHOOD 
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• Short-term job opportunities: labour for construction. 
• Long-term improvement of natural resources for better production 

METHOD 
The Cut-Off Drain is constructed across the primary surface run-off direction, to block and capture the flow of run-
off. The drains consist of a channel on the uphill side and an earthen berm on the downhill side of the channel. 
The approach is the same with either manual labour or mechanised. 

 

 

METHODOLOGY 
1. Identify where in the landscape the cut-off drain should be constructed. It is recommended to be 

constructed below places of high runoff e.g., stormwater drains at the top of steep slopes, or above or in 
between fields on slopes to catch runoff and silt and protect downslope fields. 

2. Clear all stumps and vegetation from the proposed site. Any severe erosion damage must be repaired 
before setting out the Cut-off drain. 

3. The cut-off drain is measured from its point of release, lowest point, upwards. The first peg is placed at 
this lowest point or outlet (where the water will be released). Knock a peg into the ground at this point. 

4. Using a 50m length of string, measure from the first peg around the hill until the rope is tight. The second 
person steps uphill, so this higher point should only be 25cm higher up the slope than the first peg5. 
Knock a second peg into the ground at this higher point. The longitudinal slope, (length) in the channel of 
the cut-off drain must be more than 0.5% but not more than 1%.  

5. Using the second peg as the starting point, repeat step 4. The third peg should be 25cm higher up the 
slope than the second peg at a 50m length. Repeat this process until the length of the drain has been 
measured and pegged. Total length of drains should not exceed 600m in length. The highest point should 
be about 100m past the infrastructure to be protected. 

6. Mark on the ground the length of the drain, as a straight line using the pegs as indicators. Do not simply 
join the pegs, to ensure there are not steps in the line, but that it is a smooth straight line. 

7. Start excavation from the lowest point, placing the excavated soil on the downhill side of the trench.  

 
5 Using a 50m length (run of string and height/elevation increments of 25cm (rise will produce a 0.5% 
slope (or 1:200 rise over run) 

Direction of flow 

RE-DRAW 34 
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8. The width and depth of the trench depends on the rainfall or runoff that occurs on the slope. The design 
shape of the trench should be slightly narrower at the bottom and slightly wider at the top f the trench. For 
the depth of the trench, the water should not reach the height of the trench, at least 10cm to the lower 
slope, should be left as freeboard. A basic design, for semi-arid conditions with an 650mm average 
annual rainfall, is illustrated Figure a. If the runoff overflows this basic design, then dig the trench wider 
and deeper, digging into the uphill slope, and adding the soil to the downside ridge. 

 

 

Figure 73. Example design of a cut-off drain trench 

9. Once the trench has been dug, use the soil excavated from the channel to construct the ridge or 
embankment on the downhill side of the channel. The ridge on the lower side should be compacted, layer 
by layer and should be constructed higher than planned to allow for settling (about 10% of the fill). If 
necessary, extra soil from the lower side can be used to strengthen the embankment.  

10. At the exit point from the cut-off drain, the channel should be widened to double the width of the trench. 
This will further slow the velocity of the water as it exits the drain. 

11. A final check of the channel gradients and the embankment top is necessary. Any deviation should be put 
right immediately. 

12. Plant vegetation in the channel as soon as possible to prevent erosion. The trench or channel should be 
planted with a rhizome-type low grass or can be partially ballasted, depending on designed velocities. 
Grass must be kept short, but no shorter than 150mm. 

RE-DRAW 35 
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13. The embankment facing downslope should also be planted with rhizome grass for protection purposes. 
However, protect the established vegetation from livestock grazing. The grass can be harvested for 
fodder, but not for direct grazing. 

14. Cut-off drains can be used above and in-between fields, with smaller grass/vegetated channels within the 
fields. 

ILLUSTRATIONS/DIAGRAMS/PHOTOS 

   
Figure 74. Excavation of a trench along the contour of the slope. 

 
Figure 75. Example of an established cut-off drain. The upslope side has been fenced to prevent cattle grazing 
along the drain and to prevent them falling into or dirtying the water in the drain. 
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Figure 76. Layout of the cut-off drain and contour ridge/bunds draining into a grassed/vegetated waterway to 
control runoff from a slope. 

EQUIPMENT 
• A-frame or Line level to determine level, measure length and slope 
• Hoes 
• Spades 
• Pick-axes 
• Wheel burrows 
• Horse drawn plough or where available: Tractor and plough/discovator or bulldozer 

WORK NORMS 
For cut-off drains, working time of approximately 32 person days is estimated per hectare. If machinery can be 
used, the time required reduces, but the costs may rise due to higher investment costs 
 
All values are per person per day, as per MFRSC, (2012). Soil and Water Conservation Operations Manual. 
Ministry of Forestry and Land Reclamation, Department of Soil and Water Conservation. Maseru, Lesotho: 
 
Activity  Work norm  
Earth berm:    

       Soft soil 
 Medium soil 
      Hard soil 

 
2.0m3/pd 
1.3m3/pd 
1.0m3/pd 

Infiltration Ditch 
Soft soil 

 Medium soil 
      Hard soil 

 
74min/10m3/person 
110min/10m3/person  
145min/10m3/person 

RE-DRAW 36 
with visible text 
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Contour bund 
Soft soil 

 Medium soil 
      Hard soil 

(dig furrow and ridge soil) 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Grass sodding 5min/1m2/ person 

RISK MANAGEMENT 
Drain Banks must be checked after each major rain even for the formation of weak points. These weak areas 
must be reinforced as soon as possible to prevent serious erosion. 

• If the slope of the drain is too gentle, then the water will not flow away but rather pool up and possibly 
overtop the ridge. 

• If the slope of the drain is too steep, then the water will drain with increasing velocity and potentially 
cause erosion of the drain channel. 

VARIATION & ADAPTATIONS 
• Cut-off drain can be constructed in the same manner as contour banks.  
• For narrow base channels or hillside ditches, the construction procedures are the same as for the broad-

base terraces, hillside ditches or bench terraces 
Condition Adaptation 
Soil Appropriate vegetation for soil must be selected 
Slope The steepness of the slope will affect the velocity/speed of the runoff water coming into the 

drain. For steep slopes or runoff with a high velocity, make the ridge/embankment higher. 
Rainfall Double the width of the channel in higher rainfall areas.  
Altitude Use the appropriate vegetation, e.g., frost tolerant species in higher altitudes. 

SEASONAL VARIATIONS 
• Construct during dry season to allow time for realigning ridges. 
• The Cut-off drain must provide enough capacity for the highest average rainfall in the particular 

catchment, e.g., double the width of the channel in higher rainfall areas. 
• For high altitude areas, or where there is frost or snow, the selection of grass species for growing in the 

cut-off drain should be frost tolerant. 
MAINTENANCE 

• Regular Monitoring to enable repairs of the embankments. 
• Channels should be kept clear of debris after heavy rains. Sediment must be removed at a regular basis. 

Deposits in the trench or channel must be cleared regularly to ensure that the water flows freely all the 
time. 

• The trench or channel should be planted with a rhizome-type low grass or can be partially ballasted, 
depending on designed velocities. Grass must be kept short, but no shorter than 150mm. 

• The embankment facing downslope should also be planted with rhizome grass for protection purposes. 
However, protect the established vegetation from livestock grazing to prevent damage by the hooves to 
the embankment. The grass can be harvested for fodder, but not for direct grazing. 

• Any large plants or bushes should be removed from the embankment and trench. Trees and woody 
bushes growing in the channel or on the bank must be removed and prevented from growing. 

• Banks must be checked for burrowing animals that reduces their strength. 

REFERENCES 
SEE ALSO GUIDELINES 

8. CONTOUR BUNDS / VEGETATED  
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20. DETENTION PONDS 
24. GRASSED/VEGETATED WATERWAYS, CHANNELS/ DRAINS /SWALES 

FURTHER REFERENCES 
a. Ampim, P. A. Y. & Jaber F. L. Improving Water Quality with Grassed Waterways 
b. Mishra, A. & Mal B. C. Soil and Water Conservation Engineering (ebook) 
c. MFRSC, (2012). Soil and Water Conservation Operations Manual. Ministry of Forestry and Land Reclamation, 

Department of Soil and Water Conservation. Maseru, Lesotho. 
d. South African Conservation of Agricultural Resources Act:  Manual no on Storm water furrows. Department of 

Agriculture, Pretoria, South Africa. 
e. South African National soil conservation manual Chapter 15. Department of Agriculture, Pretoria, South Africa. 
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24. GRASSED/VEGETATED WATERWAYS, CHANNELS/ DRAINS /SWALES  
OVERVIEW 
Grassed waterways are used as outlets to prevent rill and gully formation. The vegetative cover slows the water 
flow, minimizing channel surface erosion. Grassed waterways can safely transport large water flows to the down 
slope. They are also used as outlets for water released from contoured and terraced systems and from diverted 
channels.  

OBJECTIVES 
• Grassed waterways are used as outlets to prevent rill and gully formation.  
• The vegetative cover slows the water flow, minimizing channel surface erosion.  
• Safe transportation of large water flows to the down slope.  
• Outlets for water released from contoured and terraced systems and diverted channels. 

CATCHMENT PERSPECTIVE 
Grassed waterways form a part of the general protection of the catchment especially depressions and roads 
culverts and other source areas from excessive runoff like rock outcrop and footpaths. They must be designed to- 
and constructed in accordance with- provision of the local regulations and catchment management plan. 

CRITERIA 
A grassed waterway can be used wherever there is the need for more capacity to convey water and/or where 
vegetation is needed to control erosion: 

o An agricultural landscape where runoff accumulates and flows downslope through croplands.  
o Where the base of a slope or hillside ditch concentrates flow into a water channel.  
o Where water exits a terrace, diversion, roof runoff or other structure to a protected outlet.  
o Where a broad channel is needed to convey concentrated flow.  
o Where channels have eroded, and farm equipment cannot cross.  

Grassed waterways work best as part of an overall farm plan. Generally, they must be designed and constructed 
according to federal, state, and local regulations. Considerations include: 

 Location 
 Installation time 
 Vegetation selection 
 Outlet capacity 
 Vehicle crossings 
 Utility lines 

Swales: 
• A swale can be constructed alongside roads to collect and disperse runoff to prevent erosion. 
• It can also be constructed long pathways and cattle tracks to reduce runoff, as well as in farm fields. 

Use in conjunction with cut-off drains and contour ridges/bunds. 
BENEFITS 

• Soil erosion control 
• Flood prevention 
• Reduced sedimentation of nearby water bodies and pollutants in runoff. 
• Improved soil aeration and water quality due to its nutrient removal through plant uptake and sorption by 

soil 
• Provision of wildlife habitat 
• Design allows farmers or landowner input 
• Provision of fodder for livestock  

MANAGEMENT 
LEAD DEPARTMENT:  

• Department of Soil and Water Conservation 
• Department of Crops 
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• Public Works and Transport: Roads 
OWNERSHIP & RESPONSIBILITY 

• Local authorities  
• Land users 

LIVELIHOOD 
METHOD 
METHODOLOGY 

1. Identify the areas that will work as excess water disposal site based on land use suitability assessment. 
2. Determine the catchment area of the waterway 
3. Estimate maximum expected runoff based hydraulic theory using rainfall statistics, slope characteristics 

(length, shape, and gradient) 
4. Design the appropriate cross-sectional form to minimum erosive power to the runoff 

Swales: 
1. Dig a short trench in an arc-shape at regular intervals along/ parallel to the contour, to collect and spread 

/disperse runoff water.  
2. Part-fill trench with stones/gravel to help water sink into the ground, Figure 13. 
3. Put soil from digging the trench as a bund (berm) on the lower side of the trench, to help stop any water 

from overtopping the trench. Compact this soil so it does not wash away, this can be vegetated. 
4. Towards the end of the trench, the trench widens, shallows and the height of the bund lowers/tapers back 

to the ground, so any water that flows out is dispersed in a fan shape. 
5. Plant along the bund with strong-rooted, permanent species, preferably beneficial trees, or Vetiver 

/Napier grass. Continue planting permanent species, using smaller plants close to the top of the bund and 
bigger vegetation like trees or shrubs at the base of the bund on the downhill side. 

6. Approximate guide to spacing intervals: 
Slope (height /distance) Spacing in between swales 
<5% (gentle) 20 m 
5-12% (moderate) 15 m 
>12% (steep) <10 m 

 
ILLUSTRATIONS/DIAGRAMS/PHOTOS 
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Figure 77. Diagram of location of cut-off drain and contour ridges flowing into the grassed/vegetated water way, to 
drain runoff away from cultivated fields on a slope. 

 
Figure 78. Illustrated cross section of a swale showing infiltration of runoff. 

 
 Figure 79. Example of a swale with collected runoff. The arc in the swale slows the water rather than channelling 
it. 

EQUIPMENT 
 
 

RE-DRAW 37 

& make text visible 
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WORK NORMS 
Activity  Work norm  
Drain trenching: 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
16min/1.5m3/person 
22min/1.5m3/person 

Grass sodding 5min/1m2/ person 
Contour bund 

Soft soil 
 Medium soil 
      Hard soil 

(dig furrow and ridge 
soil) 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Shallow Trenching, swales:                    
Soft soil 

Medium soil 
   Hard soil 

 
6.3min/0.9m3/person 
9.5min/0.9m3/person 
12.7min/0.9m3/person 

RISK MANAGEMENT 
VARIATION & ADAPTATIONS 
Condition Adaptation 
Soil Appropriate vegetation for soil must be selected 
Slope The steepness of the slope will affect the velocity/speed of the runoff water coming 

into the drain.  
Rainfall Double the width of the channel in higher rainfall areas.  
Altitude Use the appropriate vegetation, e.g., frost tolerant species in higher altitudes. 
 

SEASONAL VARIATIONS 
MAINTENANCE 

• Waterways should be protected from disturbance such as by livestock, vehicles, footpaths, and track 
development.  

• Repairs should be done in accordance with proper design. 
• To avoid damage, fodder from the waterways should be harvested instead of being grazed; 
• Community extension services must enhance awareness among communities to ensure protection. 

 
REFERENCES 
SPECIFIC DEFINITIONS 
Grassed Waters: Natural or artificial water channels shaped, graded, and seeded or sodded to grass for safe 
disposal of runoff from either terraces or diversions 

SEE ALSO GUIDELINES 
20. DETENTION PONDS 
24. CUT-OFF DRAINS 

FURTHER REFERENCES 
a. Ampim, P. A. Y. & Jaber F. L. Improving Water Quality with Grassed Waterways 
b. Mishra, A. & Mal B. C. Soil and Water Conservation Engineering (ebook) 
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25. LEVEES EARTH BERMS 
OVERVIEW 
To direct the flow of water, especially flood waters away from infrastructure and houses in order to reduce the 
impact of flooding, levees and earth berms are installed as a flood protection system. 

OBJECTIVE 
Flooding is a natural phenomenon of rivers. For ease of access to water and highly fertile soils, many villages are 
established near rivers. However, these are occasionally affected by floods, and with climate change may be at 
higher risk. A berm/levee is a “wall” that runs parallel with the watercourse to protect infrastructure and village 
from the severity of floods. Berms or levees help reduce flood waters affecting villages –they do not stop floods or 
prevent damage. They require prioritised maintenance.  

CATCHMENT PERSPECTIVE 
Flooding usually occurs in the lower reaches of the catchment and on the lower slopes, where the slope is gentler 
and the flood water can spread out. Levees/berms are more appropriate for the lower sections of the catchment 
especially where villages are located adjacent to the river.  

BENEFITS 
Reduced risk of flooding and causing damage to households. 

CRITERIA FOR APPLICATION 
• Earth berms to be built to a height so that they will not be overtopped by flood events (unless these are 

exceptional). 
• The less steep the side slopes the better. The ratio of vertical elevation to horizontal distance of the side 

walls to be at a minimum slope of 1:3 (i.e., it should not be steeper than this). 
• The wider the central section berm section the better. The minimum width is 1 m. Where animal traffic is 

expected (e.g., cows) the width should be extended to 2m for extra re-enforcement. 
• Erosion protection of all exposed faces is important, particularly on the water side. This could be 

undertaken by planting vegetation, e.g., vetiver grass, to hold together the wall faces or lining with rock. 
The bigger the rock sizes and the greater the number of layers of rock, the greater the protection offered. 

• It should be set back from the edge of the watercourse, e.g. along the riparian barrier edge, to allow the 
river to flood within its natural floodplain • Do not build houses, schools, etc. on the watercourse side of 
the berm, in the floodplain.  

• A berm is as strong as its weakest points. The start of the berm should be regularly maintained to ensure 
the flood water does not bypass the berm. The berm itself should be regularly maintained to ensure it 
does not fail for, e.g., at crossing points over the berm. 

• The upslope start of the berm should extend up slope away from the water course, forming “Y”-shape so 
that it funnels any floodwater, keeping it on the watercourse side of the levee. 

• The downhill side should have an exit, in case water does enter behind the berm. 
MANAGEMENT 
LEAD DEPARTMENT 

• Department of Environment  
• Department of Water Affairs  

OWNERSHIP & RESPONSIBILITY 
• Municipality,  
• Village,  
• Landowner  
• Local Authority 
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LIVELIHOOD OPPORTUNITY 
Labour for construction and maintenance. 

METHOD STATEMENT 
METHODOLOGY 
1. The position of earth berms needs to be identified together with the community. Berms should not be placed 

too close to watercourses as there needs to be sufficient space alongside the watercourse for floods to pass 
through without overtopping berms.  

a. Cultivation in floodplain areas is productive due to the sediment load and nutrients that are washed 
down with the floods. The berm should ideally be located between this agriculture and the village 
buildings, so these fields will still receive the flood water with the nutrient rich sediment, however drops 
are likely to be damaged during a flood event. (Refer Guideline 7. Riparian Buffers) 

b. Locating the levees/berms adjacent the watercourse will result in the water being confined and 
channelled, with will speed up the water causing more erosion and damage in the channel and 
immediately downstream. This will also cause the berm/levee to be more likely to be overtopped. 

c. When laying out the berm, identify tracks of high volumes traffic (vehicle, foot, cattle, etc.), where the 
berm crosses these pathways, re-enforce the berm with additional stone and clay, making the berm 
wider and stronger. 

2. The height and footprint of the earth berms to be established for site characteristics. The height should exceed 
the height of the flood water expected during normal floods. Where hydrological and hydraulic analysis cannot be 
done, consideration of historic floods should be undertaken (in historic floods where did the flood water reach too, 
how high is this above the current normal river height): older local inhabitants should be consulted. It is important 
to allow additional elevation or height to the historic flood levels due to constricting the flow area as well as an 
additional freeboard as a safety factor. 

3. Make sure the start of the berm is directed inland away from the watercourse so that acts like a funnel The start 
of the berm must extend far enough up the slope perpendicular to- or to an elevation- where the floodwaters 
cannot impact areas to be protected. These ‘wing’ berms funnel the floodwater through the floodplain, preventing 
it flowing behind the berm. This funnel forms a Y-shape. For large areas consideration should be given to 
constructing various internal earth berms so that if there is a breach the entire area is not compromised. 

4. The ground must be cleared and made level where berms are to be placed. The first 100 mm of topsoil is to be 
stockpiled to the side during construction, and replaced on top of the berm after construction, to support 
vegetation. 

5. Suitable material must be used to form the earth berm. This should be a cohesive material that will not be 
eroded and not allow water to flow through it easily. Dispersive, highly erodible soils and soils with high organic 
content should NOT be used. 

6. A key should be excavated for the earth berm. This is essentially a trapezoidal (outward slope sided 
rectangular) shaped trench along the centreline of the berm, Figure 12. Where there is sufficient rock and clay 
material, a central core “wall” can be compacted inside the trapezoidal trench and centre of the berm, then follow 
the standard fill and compaction process in step 7. 

7. The earth berm is to be placed in 100 mm layers and compacted as best as possible until the final height is 
reached. All loose rocks and vegetation (from excavated soil and path of the berm) to be removed as the layers 
are placed and compacted. 
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8. Once the berm is complete it should be vegetated or lined with rock to protect against erosion. It can also be 
lined, on the watercourse side, with old tyres, Figure 13, that are then planted with trees or plants with binding 
roots, Figure 14. 

ILLUSTRATIONS, DIAGRAMS/PHOTOS 

 
Figure 80. Cross section diagram through a levee berm 

 
Figure 81. Compacted earth berm, with tyres ready for planting. 

  
Figure 82. Established earth berm with a tree line. 

EQUIPMENT REQUIREMENTS 
• Pickaxe 
• Hammer 
• Compacter – where available, or herd cattle over the areas requiring compaction. 
• Shovels 
• Road Grader – where available 

WORK NORMS 

RE-DRAW 38 

& make text visible 
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Activity  Work norm  
Earth berm:    

       Soft soil 
 Medium soil 
      Hard soil 

 
2.0m3/pd 
1.3m3/pd 
1.0m3/pd 

Bank sloping:   
 Soft soil 

               Medium soil 
              Hard soil 

 
5.2m3/pd (with geotextile 3.8m3/pd) 
3.8m3/pd (with geotextile 2.8m3/pd) 
2.9m3/pd (with geotextile 2.1m3/pd) 

Grass sodding 5min/1m2/ person 
 
RISK MANAGEMENT 

• The berm reduces the likelihood of flooding of the village area, but it does NOT prevent or stop floods. 
Safety precautions should still be taken during flood events. Awareness of the dangers of floods should 
be regularly raised. Rescue team must be trained and setup in the communities to prevent drowning 
accidents. 

• Where the berm or levee is damaged, it is likely to erode and eventually fail. Regularly check for damage 
and repair immediately. When laying out the berm, identify tracks of high volumes traffic (vehicle, foot, 
cattle, etc.), where the berm crosses these pathways, re-enforce the berm with additional stone and clay, 
making the berm wider and stronger. 

VARIATIONS & ADAPTATIONS 
Rows of gabion baskets can be used in areas where there is an abundant supply of stones. These must be 
designed appropriately by a structural engineer and must be keyed into the ground with appropriate foundations 
to prevent undercutting and eventual collapse. 
Condition Adaptation 
Soil Appropriate vegetation for soil must be selected 
Slope Levees or earth berms can be constructed on all slopes 
Rainfall In areas of high rainfall, ensure there is adequate runoff management and erosion 

prevent measures in the village, to direct flow back to the water course, as the berm 
will prevent the usual drainage route. If available, one-way valve drains can be 
installed through the berm, allowing runoff out, but preventing flood water entering. 
But the pressure for these valves must be determine and the correct design 
capacity installed.  

Altitude Levees or earth berms can be constructed at all altitudes. Select climate 
appropriate vegetation. 

 
SEASONAL VARIATIONS 
Conduct routine inspections, especially during the wet season.  

MAINTENANCE  
• Inspect and repair as necessary, especially after major storm events. 
• Minimize traffic over levees, include specific re-enforced crossing points for high volume of traffic, 

especially for cattle crossings. 
• Immediately repair damage. 
• If the levee regularly overflows, increase the height of the levees, or extend it both further up the 

watercourse, and further up the slope away from the water course. 
REFERENCES 
SPECIFIC DEFINITIONS 
Trapezoidal – rectangular shape, with outward sloping sides    \__/  
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SEE ALSO 
7. RIPARIAN BUFFERS 

FURTHER REFERENCE 
a. Erosion prevention and sediment control planning and design manual Clean Water Services (CWS) Of 

Washington County, June 2020 
b. https://commons.wikimedia.org/wiki/File:Levees,_Dykes_and_Dams 
c. Dyke Design and Construction Guide Best Management Practices for British Columbia: Province of British 

Columbia Ministry of Water, Land and Air Protection 
d. Braid, S.G. (ED) (2019). Green Village: Community-Based Catchment Management Guidelines. Water 

Research Commission. Report No K5/2508. Pretoria 
 
  

https://commons.wikimedia.org/wiki/File:Levees,_Dikes_and_Dams_(15),_NPSPhoto,_R._Cammauf_(9247357637).jpg


COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 151         

26. PLANTING PITS / INFILTRATION PITS 
OVERVIEW 
In order to reduce runoff across slopes with a gentle gradient that may have been overgrazed or denuded, the 
planting pit provides for water trapping and infiltration. This trapping provides both water to the crops/trees planted 
in the pits as well as the opportunity for groundwater recharge. 

Planting pits are also referred to as: Micro pits, planting ponds, fertility pit, infiltration or small water harvesting 
pits.  

OBJECTIVES 
• Act as micro-catchments within fields to retain runoff from the slope for water harvesting and improved 

vegetation production. 
• Improve crop production and pasture yields. 
• Reduce hillslope runoff and erosion.  
• Reduce stream siltation and flooding. 
• Rehabilitate degraded, barren, and crusted soils. 

CATCHMENT PERSPECTIVES 
A simple and effective technique that can be widely adopted anywhere in the catchment. Smaller pits can be used 
on steeper slopes or high runoff areas, and larger pits can be used on gentler slopes or lower runoff areas. The 
pits are used for rehabilitation of degraded lands, to re-establish rangelands and natural forests. They can also be 
used for cropping.  

CRITERIA 
The size and depth of the pits depends on what is being planted in the pit and/or the rainfall. 

Pit depth for planting Pit size based on rainfall Distance between pits 
2-4cm for seeds 
5-15 cm seedlings 

 If rainfall >500mm/a then pit size 10-30 cm 
If rainfall <500mm/a then pit size 30-50cm 

50-100cm  
50-100cm 

BENEFITS 
• Simple to construct. 
• Reduces volume of runoff and rather provides opportunity for infiltration and groundwater recharge. 
• Reduces erosion and traps sediment into the pits. 
• Improves plant production by concentrating runoff around growing plants. 
• Improves soil fertility and structure when manure/compost is added in pits. 
• Once prepared, pits can be re-used for up to four crop seasons or two seasons without needing to add 

more manure. 
• Other measures can be combined with the pits, such as excess water re-use and water points, or 

combined with other runoff management techniques such as swales or mitre drains. 
• Recommended for rehabilitation projects using trees and shrubs. 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Rangeland Resources Management 
• Department of Soil and Water Conservation 
• Department of Crops 

OWNERSHIP & RESPONSIBILITY 
• Rangeland users  
• Communities 
• Local authorities 

LIVELIHOODS 
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The Planting pits trap runoff water, thereby improving watering of crops or replanted vegetation. In larger pits 
mixed cropping can take place. Improved watering and nutrients in the soil will contribute towards improved 
vegetation production, either as improved crop yields, or as improved soil cover and vegetation regrowth for 
rehabilitation projects. 

METHOD STATEMENT 
METHODOLOGY 

1. Cut a length of string 1m in length. From one end, mark 15cm* on the string (e.g., tie a knot or use a pen 
to mark it).  * 15cm will mark a 30cm pit. If larger pits are to be dug, then the diameter (half the width of 
the bigger pit) should be marked on the string. 

2. Tie a peg to one end of the string, and a second peg at the point of the mark.  
3. Place one peg in the soil at the position of first pit, this will mark the middle of the pit. Pull the string tight 

to the mark and use the second peg to draw a circle. This will be the edge of the first pit.  
4. Put the first peg on the edge of the first pit and pull the string tight to the end of the full length of string, 

following the contour line, and place a peg. This will be the 1m space between the first pit and the second 
pit.  

5. Place the mark peg at this point and pull the string tight to place the end peg in the centre of the second 
pit. Use the mark peg to draw a circle. Repeat the above Step 3 to Step 5 until the length of the site has 
been marked out with the first row of pits and spaces. 

6. The second row of pits must be staggered, i.e., placed below the space of the first row, so the water that 
is not captured into the first for pits will be captured into the second row of pits. 

7. When starting the second row of pits, measure from the lowest point of the first row first pit circle with the 
full length of the string, i.e., 1m down the slope. Repeat this with the second pit of the first row. The 
middle point in between these two markings, put the peg and start measuring out the pits as per Step 3 to 
Step 5. 

8. For the third row of pits, measure 1m below the second row and start on the edge of the contour again 
like the first row. Continue marking out all pits across hillslope in this way, ensuring that the pits alternate 
or are staggered and not in a grid. 

9. Start digging out the pits. The depth of the pit is determined by what is being planted in the pit. Shallower 
pits for seeds and deeper pits or seedings. Refer to the Criteria table for guidance. 

10. When digging the pits, if there is any topsoil keep it in a separate pile. Place the dug-out soil on the 
downslope side of the pit making a half-moon ridge. The ridge helps to trap and collect the runoff water 
into the pit. When the pit is finished being planted, then compact the soil of the ridge to stop this soil 
washing away. 

11. Add compost or manure into the pit, place the seed or seedling and cover with the topsoil. Ensure that the 
pit is not refilled to the top so there is space to collect and store runoff. Ensure a mix of species in each pit 
to promote biodiversity and prevent single strain species. 

12. If the Planting pits are dug in rangelands or areas of free grazing animals, then cover each pit if 
brushwood, to prevent the animals eating the seedlings or sprouting seeds. If possible, fence-off or close-
out the area. 

13. Plant pits with crop seeds after the first rains. If the soil is very hard, then dig the pits after the first rains 
when the soil has softened a little. 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 
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Figure 83. Lay out of Planting planting pits on a slope. (Anshutz et al., 2003) 

 

Figure 84. Staggered layout of Planting pits. 

  
Figure 85. Example of Planting pits for mixed cropping. 

Direction of slope and runoff 

RE-DRAW 40 

& make text visible 

RE-DRAW 39 
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Figure 86. Example of covered Planting pits for rehabilitation of denuded veld. (C. Becker) 

EQUIPMENT 
• A-frame or line-level to measure along the contour 
• String  
• Pegs/sticks to measure out the distance between the pits. 
• Hand hoe or shovel 
• Bucket 
• Manure/compost (1/2 – 1 bucket per pit) 
• Crop seeds or seedling trees for planting. Ideally for restoration planting, collect seeds from the area of 

the site. 
• Mulch or brush wood for mulching or brush packing in grazing areas. 

WORK NORMS 
Activity Work Norm 

Plant pits:      
Soft soil               

Medium soil 
Hard soil 

 
11min / pit 
17min / pit 
23min / pit 

Plant Tree pit:  
Soft soil 

 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person  
27min/1.5m3/person 

 
RISK MANAGEMENT 

• Digging of Planting pits is labour intensive.  
• During very wet seasons, water logging is possible. Organic debris placed in the pits may help to soak up 

excess water. 
• Where planting seeds, do not dig the pits too deep, as the seeds will drown in the water. 
• Already shallow soil gets even thinner where the pits are dug. This may require planting on the top of the 

ridges to maximise root depth for shallow soils. 
• Planting pits are not recommended on very steep slopes 
• Manure/compost should be available in adequate quantities. 
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VARIATIONS & ADAPTATIONS 
• For restoration projects, to improve soil cover or to restore fertility of the whole field/site, in the second-

year additional pits may be dug in the spaces in between the existing pits, following a similar staggered 
layout. This may be repeated in the third and fourth years as well, if there is space. You can vary the size 
of the pits. 
 

Condition Adaptation 
Land use Planting pits can be implemented in any agricultural, rangeland, grassland, open 

area, or gardens.  
Recommended for rehabilitation work of denuded land. 

Soil In shallow soils plant the seed or seedling on ridge rather than in the pit to 
maximise root depth for shallow soils. 

Slope Do not construct Planting pits on very steep slopes. 
On gentle up to steep slopes, Planting pits should be implemented in combination 
with contour ridges/bunds and vegetated channels. 

Rainfall Suitable for rainfall areas of 200-750 mm/year, or semi-arid climate. 
The higher the rainfall the smaller the size of the pit (max 30cm). The lower the 
rainfall, the pit can be widened to 1m to capture more rainfall. 

Altitude Planting pits can be applied at all altitudes and regions in the country. 
SEASONAL VARIATIONS 

• Dig the Planting pits towards the end of dry season. If the soil is very hard, then dig the pits after the first 
rain when the soil has softened a little. 

• The crops or vegetation planted in the pits should be selected for the climate suitability of the area. 
MAINTENANCE 

• Check the half-moon ridges for any breaks and repair these with additional compacted soil or stones to 
ensure the runoff water is being trapped into the pit and not causing erosion down the slope. 

• Where pits are used for cropping, farmers may sow seeds into the existing pits in the second to fourth 
years before additional manure/compost will be required to be mixed into the soil of the pit again.  

REFERENCES 
SEE ALSO GUIDELINES: 
3. MULCHING (SOIL COVER) 
4. AGROFORESTRY 
10. RANGELAND RESEEDING AND REHABILITATION 
16. EXCESS WATER RE-USE 

FURTHER REFERENCES 
a. MFRSC (2018). Toolkit to Supplement Planning and Implementation of Publics works.  Compiled by A. Y. 

Ambaw for the Ministry of Forestry, Range and Soil Conservation (MFRSC), Kingdom of Lesotho.  
b. Anschutz J, Kome A, Nederlof M, de Neef R and van de Ven T. 2003. Water harvesting and soil moisture 

retention. Agrodok 13, Agromisa Foundation 
c. Critchley W, Di Prima S and Tuyp W. 2012. Sustainable land management in Sub-Sahara Africa information 

cards. No 6 Planting planting pits. VU University Amsterdam 
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8. EROSION AND SEDIMENT CONTROL 
Erosion prevention is the most effective and inexpensive method for reducing overall environmental impacts 
associated with land use activities. Erosion prevention controls primarily involve preserving natural vegetation 
when possible or stabilizing exposed soils with temporary covers or permanent vegetation. For the purpose of this 
compendium, the objective of erosion interventions is to stop erosion and rehabilitate points from eroding further. 

Once soil erosion occurs, sediment trapping or removal techniques can reduce the amount of sediment and 
associated pollutants that leave the site, thus protecting nearby streams, wetlands, and lakes. Sediment controls 
are usually placed around the perimeter of a disturbed area and where concentrated water leaves the site. 
Sediment controls are the last line of protection for a site and should be used in conjunction with other site 
controls. It is important to note that sediment control interventions, if poorly maintained, can become sources of 
sediment and other pollutants during larger storm events. 

There are 4 interventions supporting the erosion and sediment control measure: 

27. LIVESTOCK WATERING ON RIVERBANKS 
28. SILT TRAPS 
29. GULLY RECLAMATION 
30. CHECK DAMS / STEP FLOW SYSTEM 

 

Trap sediment on site. If land use activities substantially change the natural drainage conditions in a catchment, 
merely protecting the drainage channels on a site may not be sufficient to prevent erosion. Some erosion during 
land use activities is unavoidable. The function of a sediment barrier is to prevent sediment from leaving the site 
after the soil has been eroded from its place of origin. Sediment laden runoff should be detained on-site so that 
the soil particles can settle out before the runoff enters receiving waters. Locate sediment basins and traps at low 
points below disturbed areas. Use earth dykes or swales to route drainage from disturbed areas into the basins. 
Sediment barriers and sediment fences can be placed below small - disturbed areas on gentle to moderate 
slopes. Storm water temporarily ponds up behind these barriers, allowing sediment to settle out.  
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RE-DRAW 41 

& make text visible 
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27. LIVESTOCK WATERING ON RIVERBANKS  
OVERVIEW 
The presence of animals mainly cattle within the riparian zone is a common feature of grazing but can negatively 
impact on the functionality of riparian ecosystems. Therefore, the provision of off-stream watering points as an 
alternative watering source for cattle may lessen or prevent the impact on the riparian zone. Grazing activities 
result in increased riparian damage through process such as trampling and grazing on native vegetation. As much 
as erosion of the riverbanks is a natural phenomenon, uncontrolled livestock access to the riverbanks causes 
excessive amounts of silt and sediment to enter the river, which in turn reduces habitat and water quality.  

OBJECTIVES 
• Reducing livestock damage to riparian areas in expansive grazed landscapes. 
• Restricting the movement and access of animals to the river, thereby reducing damage to the riverbanks 

and preventing exacerbated erosion. 
• Protecting the banks of rivers and streams from exacerbated erosion. 

 CATCHMENT PERSPECTIVES 
Balancing the spatial distribution of grazing animals, drinking water supplies and livestock stocking rates across 
the river basins and landscapes. This is an alternative watering system to protect flowing water from delivering 
sediment and contaminants to the river system. 

CRITERIA 
• Least sensitive areas along the stream banks 
• Gentle slope with good access and footing for livestock to use 

BENEFITS 
• Even distribution of livestock along the landscape and riverbank 
• Reduce downhill movement of livestock that exacerbate soil erosion 
• Encourage the regrowth of natural plants and grasses which help to bind to soil together along the banks. 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Range Resources Management 
• Department of Livestock 

OWNERSHIP & RESPONSIBILITY 
• Livestock owners 

LIVELIHOODS 
Uniform nutrient distribution over the pasture leading to good herd health status and animal performance. 

METHOD STATEMENT 
METHODOLOGY 
River crossings for cattle 

1. Identify a suitable crossing place – the banks must not be too steep, and the river should be straight (i.e., 
not on a curve), ideally here there is base rock. The crossing point must be convenient for cattle. 

2. Use layers of stone and gravel to construct a hard surface across the river. 
3. The side banks of the crossing should be constructed with a maximum slope of 1:4 horizontal (vertical 

(rise) to horizontal (run)). 
4. The main crossing should have a maximum slope from the ground to the river of 1:10.  
5. The height of the crossing should be as low as practical. 
6. Dig the bed of the channel out (if it is soft) and lay a sheet of filter cloth or geotextile material to stabilise 

the bed. 
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7. Add layers of rock of different sizes. Add a final layer of gravel and compact. 
8. Bury the upstream end about 1m into the bed. 
9. Lay the rock bank all the way up the embankment, to prevent the soft embankment from being broken up 

during floods, Figure 2. 
10. The bed of the crossing should not be too high; the river must flow freely over the crossing. 
11. Fence both sides of the crossing, forming a chute, to guide the livestock to the crossing, and a suspended 

fence across the river where possible to keep the cattle within the crossing to the exit. 
Cattle watering points: 

1. Mobilisation- mobilise communities to be part of the activity so that they can participate fully. 
2. Facilitate meeting between livestock users and local authorities for user rights 
3. Positioning: Livestock drinking bays are best positioned in deeper areas of the watercourse not prone to 

natural riverbank erosion. Ideally, they should be positioned off the main channel to reduce flood risk, if 
inside the channel, the base of the bay should be as deep as the stream channel itself, Figure 82 

4. Design in collaboration with communities: The design should allow for livestock get the correct access 
drinking points  

5. Construct the drinking points:  construction by communities under the guidance of technicians  
6. Monitoring and evaluation of the use of drinking bays/troughs 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

 
Figure 87. Schematic of livestock watering points away from the riparian zone. 

  

RE-DRAW 42 

& make text visible 
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Figure 88. Example of livestock drinking point in Ha Patsa (C. Qalabane). 

 
Figure 89. Cattle can cause significant damage to riverbanks and riparian zones at the points where they cross, causing 
erosion, sedimentation and pollution of the water resource. 

 
Figure 90. Cattle crossings should have hard surface to protect the soil from erosion by hooves. 

EQUIPMENT 
• Hand tools- for construction 
• Fencing, posts and/or stone wall materials to guide cattle to crossing point 
• Geofabric 
• Gravel or stone 

WORK NORMS 
Activity  Work norm  
Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Fencing posts 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
25min/1.5m3/person 22min/1.5m3/person 
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Fencing wiring 10mins/100m/ strand 
Gully sloping:   

 Soft soil 
               Medium soil 

              Hard soil 

 
5.2m3/pd  (with geotextile 3.8m3/pd)   
3.8m3/pd  (with geotextile 2.8m3/pd) 
2.9m3/pd  (with geotextile 2.1m3/pd) 

Plant ponds:      
Soft soil               

 Medium soil 
Hard soil 

 
11min / pond 
17min / pond 
23min / pond 

Plant Tree pit:  
Soft soil 

 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person  
27min/1.5m3/person 

RISK MANAGEMENT 
• Provide strategic management practices have the potential to reduce negative impacts of livestock to 

rangelands and riparian areas such as placement of livestock nutritional supplements and drinking water 
stations 

• The access ramp to the drinking trough should be as flat as possible to prevent livestock injury  
• Provide a safe drinking area even during low summer flows. 
• appropriate liner beneath the stones or hardcore will help to prevent erosion 
• Provide appropriate liner around the drinking bays (small stones tightly filled or hardcore) that will help to 

prevent erosion 
VARIATIONS & ADAPTATIONS 
It is anticipated that gravity fed watering systems will be installed to supply fresh water to grazing animals, where 
there is sufficient grade to allow a gravity flow. Springs will be the common water sources used. The watering 
trough will be fitted with nose pumps or floating ball valve as a means of automatic operations. This intervention 
will reduce downward movement of livestock to watering areas on the slopes.  

The solution along watercourses and streambanks is to provide alternative drinking arrangements. This can be in 
a form of portable troughs or fixed in which water can be pumped into them from river or filled by other means 
when animals are grazing these areas. This allows banks side vegetation to recover which, in turn, helps to 
stabilise banks limiting soil erosion, reducing mobilisation of sediment.  

SEASONAL VARIATIONS 
There are certain times of the year when streamside grazing is not recommended, but during those times other 
sources of pasture are usually available.  grazing along riverbanks have to be avoided by all means during wet 
weather, as they are unstable and more susceptible to damage. Soils around streams are usually wet year-round, 
so when wet weather comes along, it does not take much for cattle walking around to make a muddy mess. Cattle 
will also trample the plants and crush them into the ground during wet weather; this will reduce the water holding 
capacity of the soil, as well as increase erosion into the stream. 

MAINTENANCE 
In order for livestock drinking access points to be effective in limiting soil erosion it is important that they are 
regularly and carefully maintained. This may include repairing cracked areas and putting down extra hardcore 
when required and ensuring livestock successfully use the designated access point rather than another point on 
the watercourse. 

REFERENCES 
SPECIFIC DEFINITIONS 
Geotextile - Strong fabrics that are used to stabilise soil 
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Slope - horizontal distance for every metre of vertical distance. For example, a slope of 4:1 means that for every 4 metres 
measured along the ground, there will be a 1m increase in height.  

Failure point - A weak point that is deliberately built into a structure or a fence. This will allow the fence to break at a specific 
place if, for example, severe flooding occurs. The rest of the fence will remain intact and the failure point can be 
easily repaired 

SEE ALSO GUIDELINES 
7. RIPARIAN BUFFERS 
11. HIGH STOCK DENSITY GRAZING 
12. ROTATIONAL GRAZING AND RESTING 

FURTHER REFERENCES 
a. Water and Rivers Commission. 2000. Livestock management: construction of livestock crossings. Water Notes WN6 

(January). 
b. https://knowledge.unccd.int/drought-toolbox-action/new-livestock-watering-points 
c. https://extension.umaine.edu/publications/7129e/ 
d. https://grazer.ca.uky.edu/content/winter-watering-livestock   
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28. SILT TRAPS 
OVERVIEW 
One of the main components of catchment degradation in rural areas is the loss of soil and the resultant 
sedimentation of rivers which affects their flooding pattern. In order to reduce the loss of soil, silt trapping needs to 
take place at the site of erosion. Various methods can be used such as silt fences, vegetation barriers, or 
compost socks to fence-off areas of erosion and slow the runoff and trap the silt into those erosion zones.  

OBJECTIVES 
• Silt traps slow runoff while trapping sediment and organic matter behind the barrier. 
• Vegetation barriers encourage terrace formation within gullies for re-growth of vegetation. 
• Vegetation fences can be used to close areas around gullies and degraded stream banks against 

livestock. 
• Compost socks can be used in roadside channels to trap silt 
• Silt curtains can be applied across wide areas to trap silt. 
• Each silt trap measure can be used in conjunction with other measures. 

CATCHMENT PERSPECTIVES 
Sediment traps are porous barriers that function by intercepting and detaining site runoff, which allows soil 
particles to settle out prior to discharge. Sediment traps may serve several small catchments on a site, retaining 
runoff using embankments and other barriers and discharging to a vegetated waterway, drainage channel or 
swale, or other drainage feature. Detention ponds can be used as sediment basins typically serve larger areas 
than sediment traps and may feature earthen embankments that retain runoff for longer periods of time, releasing 
runoff via a sediment baffle (see energy baffles). Sediment traps should be used throughout the catchment to 
reduce sediment loads reaching water resources. 

CRITERIA 
• Vetiver and napier are preferred grasses for establishing a vegetation barrier. Stoloniferous or 

rhizomatous (spreading) grasses can be planted between the erect vegetative barriers. The barriers need 
to trap the silt 

• Space the vegetation barriers along the gully bed upstream of check dams, about 10m apart, on gentle to 
moderate slopes, as well as on the outside of the gullies along the length of the gully. Reduce distance 
between vegetation barriers for gullies with steeper gradients, i.e., about 5 m apart. 

• In order to successfully prevent off-site migration of sediment, sediment traps need to be properly 
functioning and in the correct location on site.  

• Locate areas of potential sediment runoff, determine the likely pathway for water draining from those 
sites, and place sediment traps between the source of sediment and the site perimeter or water body that 
will receive the runoff.  

• For maximum effectiveness, sediment traps should be placed as close as possible to the source of 
sediment runoff. If the site configuration prevents the use of a single sediment trap, multiple smaller traps 
arranged in series can be used to meet the requirement. 

• The speed and volume of the runoff water will influence the type of silt trap and the porosity. 

BENEFITS 
• Vegetation barriers are inexpensive measures. 
• Effectiveness of vegetation improves with time as it establishes and spreads. 
• Deposited sediment and organic matter enhance vegetation re-growth and terrace formation within gully 

or at stream bank. 
• Silt traps are permanent or semi-permanent structures for area closure. 
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• Vegetation fences can also provide other products and uses such as fodder, fruit, and wood. 
• Area closure with silt traps helps to rehabilitate degraded land/ large gully networks. 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Soil and Water Conservation 
• Department of Range Resources Management 
• Department of Water Affairs 

OWNERSHIP & RESPONSIBILITY 
• Landowner 
• Land user 

• Communities 

• Chieftainship 

• Herder in rangelands 

LIVELIHOODS 
Trapping of sediment prevents contamination of water resources and filling the storage capacity of dams and 
weirs with mud, making water more available and improve biodiversity of aquatic ecosystems. Water is needed 
for all aspects of life, livelihoods and the country’s economy.  

METHOD STATEMENT 
METHODOLOGY 
Vegetation Barriers: 

1. Construct a check dam of brushwood or 
stones in gully as discussed in Guideline 30 
on Check dams. 

2. Plant large slips of vetiver with 5-10 tillers 10 
cm (1 hand length) apart in gully bed above 
the check dam to make use of sediment 
deposits.  

3. Large clumps can be anchored with stakes 
driven in the middle to reduce chances of 
being washed away by runoff. 

4. Plant with the first rains to allow fast growth 
and early establishment. 

5. Stoloniferous or rhizomatous (spreading) grasses can also be planted between the vegetative barriers. 
The barriers need to trap the silt. 

Vegetation fences 

1. Drought resistant species are planted as the framework of the fence during the first two months of the 
rainy season. The main fence is made preferably of 2 rows of species planted staggered, about 50 cm 
(1/2 spade) between rows and 20 cm (2 hand lengths) within rows. 

2. Plant preferable at least three different tree species to allow for undergrowth and the root systems to 
explore different soil depths.  

3. Grasses/legumes are planted behind the main fence for further support. 
 
Silt Fence: 

RE-DRAW 43 
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Designs for traps should specify a minimum length to width ratio of 
2:1 if possible. The surface area of a sediment trap may range from 
approximately four to ten percent or more of the area draining to 
them, depending on their shape, depth, incoming soil particle size, 
and other factors. In general, longer flow paths through the trap and 
greater detention times results in higher rates of sediment removal 
via settling processes. 
A temporary sediment trap should only be used in a location with a 
drainage area of two (2) hectares or less and where it will be used 
for two years or less. 
 

1. Dig a trench, at least 15cm and 15cm wide along the length 
of where the silt fence will be installed. 

2. Hammer the wooden stakes into the ground at intervals of 1.8-2metres, the stakes should be a minimum 
of 600mm above the ground. 

3. Roll out the length of the fabric along the fence line. Line the trench with one side of the fabric, and if wide 
enough folder the other side over the stakes. Fasten the fabric to the stakes either with nails or wiring. (If 
using woven matting, reduce the interval of the stakes to 50cm, the mats can be woven into place in the 
trench). 

4. Fill in the trench with the dug soil, place a line of stones along the top of the trench if available. 
5. Repeat at intervals as needed, down slope. 

Fences can be installed across land that has been cleared and the soil is exposed (over grazed, recently tilled, 
recently burnt through wildfire, etc.) Follow the Check dam intervals for slope. 

Fences can also be installed in gullies as part of gully reclamation. The fence should have a v-notch or overflow 
point so the water can flow out. Ensure these overflows are offset on consecutive fences. 

 
Compost sock: 
Compost socks are to be installed down slope of disturbed areas requiring 
erosion and sediment control. Compost socks are effective when installed 
perpendicular to sheet flow, in areas where sediment accumulation of less 
than 15cm is anticipated. The compost sock should be placed on level 
contours to assist in dissipating low concentrated flow into sheet flow and 
reducing runoff flow velocity. Do not construct compost socks to 
concentrate runoff or channel water. Sheet flow of water should be 
perpendicular to the sock at impact and un-concentrated. Placing compost 
socks on undisturbed soil will reduce the potential for undermining by 
concentrated runoff flows. 

Acceptable applications include (Fifield, 2001): • Site perimeters • Below 
disturbed areas subject to sheet runoff, with minor sheet or rill erosion. Compost socks should not be used alone 
below graded slopes greater than 3metre in height. • Above graded slopes to serve as a diversion berm. • Check 
dams • Along the toe of stream and channel banks • Around area drains or inlets located in a storm drain system • 
Around sensitive trees where trenching of silt fence is not beneficial for tree survival or may unnecessarily disturb 
established vegetation. • On paved surfaces where trenching of silt fence is impossible. The compost sock should 
be placed at a 3metre minimum distance away from the toe of the slope to allow for proper runoff accumulation 
for sediment deposition and to allow for maximum sediment storage capacity behind the device. On flat areas, the 
sock should be placed at the edge of the land-disturbance. 
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1. In order to prevent water flowing around the ends of the compost sock, the ends of the sock must be 
constructed pointing upslope, so the ends are at a higher elevation. A minimum of 3 linear metres at each 
end placed at a 30degree angle is recommended. 

2. The sock shall be produced from a 5mm thick continuous polypropylene, woven into a tubular mesh 
netting material, with openings in the knitted mesh of 3-10mm e.g., onion or orange bags or double-up 
lady’s stockings.  

3. This shall then be filled with compost (e.g., harvested vetiver grass, excess crop residue instead of 
burning it, etc.)  to the diameter of the sock ideally 20-30cm. Compost sock netting materials are also 
available in biodegradable plastics for areas where removal and disposal are not desired (i.e., when using 
pre-seeded socks). Compost socks contain the compost, maintaining its density and shape. 

4. For permanent areas the compost sock can be directly seeded to allow vegetation established directly on 
the device. Vegetation on and around the compost sock will assist in slowing runoff velocity for increased 
deposition of pollutants. No additional soil amendments or fertilizer are required for vegetation 
establishment in the vegetated compost sock. 

5. Prior to installation, clear all obstructions including rocks, clods, and other debris greater than 2.5cm that 
may interfere with proper function of the compost sock.  

6. Fill sock netting uniformly with compost to the desired length such that logs do not deform.  
7. Use durable hardwood stakes 5cm X 5cm in cross section should be driven vertically (or leaning slightly 

upslope), through the centre of the compost sock. Stakes should be placed at a maximum interval of 
1.2metre, or a maximum interval of 2.4metre if the sock is placed in a 10cm trench. The stakes should be 
driven to a minimum depth of 30cm, with a minimum of 7.5cm protruding above the compost sock, Figure 
4 and Figure 5. 

8. Sock must uniformly contact ground surface for maximum effectiveness. 
9. Where necessary compost stocks can be stacked in a pyramid shape to achieve extra height. 
10. Compost socks are not to be used in perennial or intermittent streams.  
11. Intervals: 

3m apart for slopes steeper than 1:2  
4.5m apart for slopes from 1:2 to 1:4  
6m apart for slopes from 1:4 to 1:10  
15m apart for slopes flatter than 1:10  

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

  
Figure 91. Plan for a silt fence in a gully. 

30cm 

RE-DRAW 44 
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Figure 92. Example of triple fencing, where there is high volume of water or fast flowing water. Th first fence is wider getting 
shorter by the 3rd fence.  

  
Figure 93. Example of a double slit fence above a water resource, the area in between the fences can be used for livestock or 
persons to cross the area. 

  

RE-DRAW 45 
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Figure 94. Plan view of installation and example of compost sock. 

Figure 95. 
Layout for trench and untrenched compost sock installation. 

RE-DRAW 46 
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Figure 96. Example how to use several sediment trap and runoff control measures across a large area. 

RE-DRAW 47 
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EQUIPMENT 
For vegetation barriers and fences: 

• Hoe  
• Spade 
• Watering can 
• Grasses for barriers  
• Trees for fences  

For silt fences  
• 70GSM Geofabric (can also use woven reed matting) minimum through flow rate of 7Litre/m2 per second. 
• Stakes and hammer 
• Nails or wiring for fastening 
• Spade 

For compost socks: 
• Hammer 
• Stakes 
• Sock (polypropylene), onion bags, or doubled-up lady’s stockings 

WORK NORMS 
Activity  Work norm  
Silt fencing:   

  Soft soil 
Medium soil                      

Hard soil 

 
44min / m / person 
50min /m / person 
59min / m / person 

Contour bund 
Soft soil 

 Medium soil 
      Hard soil 

(dig furrow and ridge soil) 
2min/0.15m3/person 
2.5min/0.15m3/person 
3min/0.15m3/person 

Placing rocks, 
compost socks 

8.3min/1m2/person 

RISK MANAGEMENT 
• Sock must uniformly contact ground surface for maximum effectiveness. 
• Fences can be put into series of 2 or 3 where there is high flow or lots of sediment expected. 

VARIATIONS & ADAPTATIONS 
• Vegetation barriers inside gullies. 
• Vegetation barrier around gully head and sides. 
• Vegetation fences to close area around gully head and sides against livestock. 

Condition Adaptation 
Land use Can be implemented for any land use to reduce sediment runoff, including 

preventing pollution spills reaching water bodies. 
Soil Can be applied in all soil types. Where erodible or very shallow soils, t=do not 

trench, rather add row of large stones along bottom of silt fence. 
Slope Do not trench silt fence of compost sock on very steep slopes, just stake them at 

60angle into the ground. 
Rainfall Suitable for all rainfall areas 
Altitude No limitations for altitude 
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SEASONAL VARIATIONS 
• November – January: Plant grass slips/cuttings with the first rains. 
• February – March & April – June: Trim. 
• Install silt fences and compost socks before rain events occur. 

MAINTENANCE 
• Trim vegetation fences at onset of second and third year to 50-75 cm height and 1-1.5 m width to 

encourage low and dense lateral branching. 
• Trimmed material can be used for mulching or compost. 
• No grazing is allowed for the first 3-5 years. 

REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO GUIDELINES 
3. MULCHING (SOIL COVER) 
20. DETENTION PONDS 
22. ENERGY BAFFLES 
23. CUT OFF DRAINS 
24. GRASSED/VEGETATED WATER WAYS, CHANNELS/ DRAINS/ SWALES 
26. PLANTING PLANTING PITS 
29. GULLY RECLAMATION 
30. CHECK DAMS / STEP FLOW SYSTEM 

FURTHER REFERENCES 
a. Bunderson WT, Jere ZD, Hayes IM and Phombeya HSK. 2002.  Landcare practices in Malawi.  Malawi 

Agroforestry Extension Project. Publication no. 42. 
b. Shaxson TF, Hunter ND, Jackson TR, Alder JR, 1996. A Land Husbandry Manual. 2nd Edition. Malawi. 
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29. GULLY RECLAMATION  
OVERVIEW 
6Gully erosion is the most spectacular form of erosion. Any concentration of surface runoff is a potential source of 
gully erosion. Gully reclamation is undertaken in areas where gullies already exist. The basic idea is to reclaim the 
affected areas, or to stop further development of the gully system.  Gullies develop in three distinct phases:  

i. water erosion/gully head advancement;  
ii. ii. channel erosion along gully bed and  
iii. iii. Land-slide erosion on gully banks, sinkholes, slumping, piping and tunnelling.  

Gullies develop on the catchment slopes where the form of landscape allows rapid increase in volume and flow 
velocity of runoff.  Land management practices and development of infrastructure, roads (poor design and 
construction), quarries, inappropriate agro-pastoral practices often form the foci of the initiation of gullies. 

OBJECTIVES 
The overall aim of gully-reclamation is to return a severely gullied landscape to productive status. The specific 
objectives are: 

• Prevention of the headward extension of the gully 
• Prevention of the depth and width extension of the gully 
• Stabilization of the gully to enable productive use 
• Restore the degraded land for productive use 
• Minimize sedimentation to downstream areas 

CATCHMENT PERSPECTIVE 
The presence of gullies within an area is an indication of advance land degradation. The gullies occur mostly in 
depressions, as tributaries to mainstream channels of as extension of road curvets and unplanned livestock 
tracks footpaths which are do not follow landscape contours but cut across them at varying angles.  

CRITERIA 
Gully reclamation interventions selection depends on various factors: 

• Benefit-cost of implementation of the intervention 
• Topographic consideration – slope steepness, length and shape,  
• Soil properties of the gullied area – texture, profile, thickness 
• Land use practices  
• Choice of check-dam material is based on availability of wood, or stones 

BENEFITS 
• Control Erosion and enhances productivity of the land 
• Improves the water quality and soil moisture 
• Improves vegetation cover 

MANAGEMENT 
• Regular inspection to enable repairs on time 
• Adoption of appropriate land use practices on the reclaimed areas 
• Vegetation (trees grasses) established within the reclaimed gully system must be protected from illegal 

cutting, grazing and encroachment by invasive species 
LEAD DEPARTMENT 

• Department of Soil and Water Conservation 
• Consultation with: 

 
6 Frankl, A. et al. 2020. 
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o Department of Environment  
o Department of Public Works 
o Department of Roads 
o Department of Water Affairs  
o Department of Crops 
o Department of Food Security 

OWNERSHIP & RESPONSIBILITY 
• Home Affairs and Local Government Structures: Chieftainship, Councils 
• Land users 

LIVELIHOOD 
Improved water availability enables productive use of the reclaimed area 

METHOD STATEMENT 
METHODOLOGY 
Gully reclamation involves three related interventions: Gully re-shaping, gully-bottom fill and treatment of the 
reshaped/filled gully system 

Land use and management: 
1. Identify causes of gully development, such as improper land use, overgrazing, placement of livestock 

water points on erodible soil / steep stream banks, runoff and water concentration from agricultural fields 
into footpaths at field boundaries. Plan and take the proper remedial action. 

2. Implement land management practices in the gully catchment that limit runoff into the gully. This includes 
practices such as contour and tied/box ridging, contour vegetation, and raised footpaths and field 
boundaries. 

Area closure and runoff diversion: 
1. Construct a storm water diversion 3-5 m (3 to 5 spade lengths) above gully head to divert runoff from 

above the gully and spreading it over surrounding area, i.e., swale; diversion ditch. 
2. Establish vegetation fences with shrubs and trees to close area around gully head and sides for livestock 

as discussed in guideline on vegetation barriers, and prevent and rehabilitating overgrazed lands. 
Gully-reshaping: 
Gully reshaping involves 

1. cutting off steep slopes of active gully flanks into a gentle slope (minimum of 45-degree slope), up to two-
third of the total depth of the gully and  

2. constructing small trenches along contours for re-vegetating slanted part of the gully walls and beds (see 
Fig 7.8).  

3. constructing of retaining walls, to protect displaced (not yet stabilized) soils and soil materials and newly 
created sidewalls of the reshaped gully. 

Check dams: 
Boulder Check Dams: Boulder check dams placed across the gully are used mainly to control channel erosion 
and to stabilize gully heads. The recommended dimensions 

1. The maximum total height of the dam is 2 m.  
2. Foundation depth must be at least half of the effective height.  
3. The thickness of the dam at spillway level is 0.7 to 1.0 m (average 0.85 m), and  
4. the inclination of its downstream face is 30 percent (1:0.3 ratio);  
5. the thickness of the base is calculated accordingly.  
6. The upstream face of the dam is usually vertical 
7. The dimensions of the spillway (Fig.1) should be computed according to the maximum discharge of the 

gully catchment area. 
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8. The form of the spillway is generally trapezoidal 
Log Check Dam: Logs and posts used for the construction are placed across the gully to hold fine and coarse 
material carried by flowing water in the gully, and to stabilize gully heads.  

1. They are used to stabilize incipient, small and branch gullies generally not longer than 100 m and with 
catchment areas of less than two hectares.  

2. The maximum height of the dam is 1.5 m from the ground level.  
3. Both faces have inclination are 25 percent backwards.  
4. The spillway is rectangular in shape with a general the length and depth of spillway are one to two meters 

and 0.5 to 0.6 m respectively (Fig 2). 
Gully-filling and vegetation treatment: 

1. Gully filling is best applied to gullies with very little water flow  
2. Steep gully heads and gully banks should be shaped to a gentler slope (about 1:1 slope or 45 degrees).  
3. An estimate of the volume of material required to achieve the desired use should be made based on the 

gully (gullied area) size and shape 
4. Steep gully sides are reshaped, topsoil stockpiled and spread over exposed areas to ensure the rapid 

establishment of vegetation.  
5. Annual grass and crops such as barley or oats can be used to provide a quick cover.  
6. Temporarily divert water from the battered gully until it has stabilised 

ILLUSTRATIONS/DIAGRAMS/PHOTOS 

 
Figure 97. Gully-head protected with rock wall. 

   
Figure 98. Check dam failure due to dispersive soils.  
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Figure 99. Schematic for gully wall reshaping without retention wall.     

 
Figure 100. Schematic for gully wall reshaping with a retention wall. 

 
Figure 101. Check dam schematic design. 

RE-DRAW 48 

RE-DRAW 49 

RE-DRAW 50 
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Figure 102. Front view of the rock check dam. 

 

Figure 103. Cross section A-A of a boulder check dam. 

RE-DRAW 51 

RE-DRAW 52 
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Figure 104. Front view of the log check dam. 

 
Figure 105. Diagram indicating how to re-shape head cut and eroded gully banks. 

EQUIPMENT 
• Spade, pickaxe 
• Chisel and hammer 

WORK NORMS 
Activity Work Norm 
Walking speed with rock (area covered by rock) 0.34m/s (0.04m2) 
Placing rocks 8.3min/1m2/person 
Brush on site  
Spread 1 bundle (mulch, brush, etc.) 
Walking with bundle (brush or mulch) 

150m2 / pd 
100seconds / 0.6m2 

0.7m/s  (bundle = 0.5m2) 
Gully sloping:   

 Soft soil 
               Medium soil 

              Hard soil 

 
5.2m3/pd  (with geotextile 3.8m3/pd) 
3.8m3/pd  (with geotextile 2.8m3/pd) 
2.9m3/pd  (with geotextile 2.1m3/pd) 

Silt fencing:   
  Soft soil 

Medium soil              
         Hard soil 

 
44min / m / person 
50min /m / person 
59min / m / person 

Grass sodding 5min/1m2/ person 
RISK MANAGEMENT 

RE-DRAW 53 

RE-DRAW 54 
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In the filling and shaping processes, the following activities need to be considered:  
• The soil should be well compacted 
• The filling operation should be done before the rains 
• Close growing crops should be planted or seeded immediately to guard against erosion. 
• The entire work, shaping and filling should be done in one operation in one go 
• Avoid check-dam constructions in dispersive soil soils (duplex soils).  

VARIATION & ADAPTATIONS 
• Applications of treatment should take into account variations in rainfall intensity, gully morphology and the 

soils in which they have developed, 
• Plant selection should be done in consideration to their root-depth relative to the gully depth  
• Annual grass and crops such as barley or oats can be used to provide a quick cover. 

SEASONAL VARIATIONS 
• Installation of the measures should be done during the dry season 
• Avoid area that are subject to freeze-thaw cycles – south-facing slopes at high altitude 

MAINTENANCE 
• Provision of protective cover before vegetation is properly established; 
• Protect the reclaimed area grazing before it is fully rehabilitated 
• Ensure proper installation of the other measures such as diversions, terraces  
• Use the land in accordance with recommended land use 

REFERENCE 
SPECIFIC DEFINITIONS 
Gully- is a channel resulting from erosion and caused by concentrated but intermittent flow of water usually 
during and immediately following heavy rains 
SEE ALSO GUIDELINES 
9. AREA CLOSURE 
13. FENCING 
30. CHECK DAMS / STEP FLOW SYSTEM 
FURTHER REFERENCES 
a. Frankl, A. et al. 2020. Gully prevent and control: techniques, failures and effectiveness 
b. Desta, L. Gully 2012. A Field Guide on Gully Prevention and Control. Addis Ababa. Ethiopia 
c. Geyik, M.P. (1986). FAO CONSERVATION GUIDE 13/2: FAO watershed management field manual, Gully 

control. Food And Agriculture Organization Of The United Nations, Rome, Italy. 
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30. CHECK DAMS / STEP FLOW SYSTEM 
OVERVIEW 
Gully erosion usually starts at a nick point, somewhere where there is disturbance in the soil coupled with high 
runoff triggering erosion. Gullies start low and eroded uphill very quickly. Gullies erode in depth and width and 
backwards. The top of an erosion gully is called the head-cut. Gullies contribute large amounts of sediment into 
the runoff flow causing serious sedimentation and flooding issues downstream as well as the loss of fertile soil 
and the loss of land as farming area. 

OBJECTIVE 
Check dams are structures placed across (perpendicular to flow) a gully to:  
• Reduce the velocity of runoff. 
• Prevent deepening and widening of the gully. 
• Collect sediment. 
• Recharge water table  

CATCHMENT PERSPECTIVE 
Gullies can form anywhere in the catchment, usually on slopes, and areas of exposed soil. It is better, easier and 
cheaper, to address small gullies before they become large gullies. Gullies can form at any land use e.g., along 
roadways with poor runoff water management, in fields, along pathways, in overgrazed rangeland, etc. 
Addressing gullies requires stopping the head-cut, and then refilling the gully. 

BENEFITS 
o Reduce speed of runoff, and therefore erosive power, and prevent gullies progressing in size. 
o Trap silt and use the sedimentation to refill the gully itself. 
o Allow for planting of crops once dam is mature 

CRITERIA FOR APPLICATION 
• Placed in series to rehabilitate long gullies. 
• Vegetation check dam - used in gullies less than 1m deep and 2m wide. 

o Water should percolate / seep through the dam. 
o do not use invasive vegetation e.g., spreading bamboo as it completely restricts the flow causing 

channelling around it.  
• Stone check dams - used in gullies more than 1m deep and 2m wide up. 

o Only build check dams up to 1m high at a time for safety. Deeper gullies require phased 
implementation, using stone check dams to slowly fill in the gully over time. 

o Water over tops the dam at the lip in middle of the dam 
o Where large stones are locally available. 

• Placed at exits of bunds or terraces. 
• Used as silt trap above large dams/ water storage 
MANAGEMENT 
LEAD DEPARTMENT 
Department of Soil and Water Conservation 

OWNERSHIP & RESPONSIBILITY 
• Landowner  
• land user 

LIVELIHOOD OPPORTUNITY 
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The construction of check dams are labour intensive and can be implemented as a Fato project. Reclaiming 
gullies and prevent further degradation helps to keep fertile soil in the fields and landscape and ensures the full 
area of land can be used for farming or land use activities. 

METHOD STATEMENT 
METHODOLOGY 
Vegetation Check dams / Brush wood barriers (suitable for small gullies): 

1. Place vertical posts (6 to 10 cm thick (palm to hand length)) in a line up to 0.5 m (1/2 spade length) deep 
into the ground.  They should be roughly 0.4 m apart.  They should also lean slightly in an upstream 
direction. 

2. Thinner branches are then interwoven horizontally through the posts to form a fence.  The interwoven 
fence should be at least 30cm in height, up to 1m in deeper channels. Each of these branches should be 
pushed into the side wall of the gully by at least 30 cm (spade head).  Can also incorporate wire netting  

3. Wall can be placed in a single or double layer. 
4. Plant vetiver or another suitable sediment trapping grass on the up-stream side of the fence. Non-

palatable grasses are preferred to prevent cattle and goats eating the grass and causing more erosion in 
the gully with their hooves. 

5. Place a thick layer of a mixture of soil and rubble upstream of the stick wall, and as a pill way on the 
downstream side. The fence should be slightly lower than the sides, in the centre of the fence/gully. 

6. Repeat the fence at regular intervals going upstream in the channels. On small channels can be every 
2m, on medium channels every 5 m, or very big channels every 10m. 

7. Once the silt has been trapped and the sediment has refilled the gully. Revegetation the area to cover the 
soil so it does not wash away again. 

 
Stone check dams: 
The check dams are aimed to slow the flow of runoff-water causing the silt to deposit out of the flow. The volume 
of water builds up behind the check dam, slows its energy, and then overtops the structure repeats the process 
behind the next structure. Checks dams are not impoundments, they are not aimed to hold the flow back 
completely, and therefore should not be built too high. As the gully behind the structure fills up with sediment over 
time, the check dam wall can be raised again, 1m at a time. 

1. Check the steepness (gradient) of the slope of the channel bottom in the gully and mark out the locations 
of the check dam structures with pegs. 

2. Gather the material to be used for the construction and transport it to the site. Typical rock size of 9 – 
15cm. 

3. Dig trench across gully as a foundation for the check dam wall. The width of the trench depends on the 
height of the dam. Approximately 0.2 to 0.5 m (spade head to half spade length) deep also cut into the 
sides of the gully. The trench must be longer than the gully is wide. The higher the “wall” the deeper the 
trench. 1 m high wall = ½ m deep trench.  

4. The width of the trench depends on the height of the check dam.  Width = 0.75 to 1 x Height (e.g., 1m 
high = 75cm to 100cm wide) 

5. Fill base of trench with hand placed stones 200 to 300 mm (up to spade head size) in diameter and gravel 
6. Place rocks in stacked rows by hand (or by mechanical means), avoid dumping the rock. Start with larger 

stones at the bottom, forming a triangular cross-section for stability. Layer the rocks like bricklaying, so 
they overlap the joins of the row below.  

7. Bridge entire ditch or swale width and ensure the centre of the dam is lower than the outer ends, so there 
is lip or V-notch where the flow can over top the structure. 

8. Very important to remember to: 
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a. cut and embed the check-dam into the sidewall of the gully so that the stone check-dam is not 
eroded around the sides by runoff; 

b. place stones in a 2m wide layer (or apron) on the downstream side of the check-dam, if the flow 
is strong and erosion is occurring – this way the runoff lands on the stone apron, not the erodible 
gully bed.  

9. Vetiver or other sediment trapping grass can be planted on the upstream side of the structure. 
10. Remove check dams from grass-lined ditches and swales once the grass is established, unless intended 

for permanent installation e.g., large or deep gullies. 
11. Especially for very large and deep gullies, once the sedimentation has reduced the check dam by half its 

height, then additional check dams must be built halfway between the old structure and the old structures 
can be raised by 1m. This may need to be repeated several times until the desired reclamation depth has 
been achieved. 

12. Establish endemic vegetation on these reclaimed areas as soon as possible to ensure the continued 
success of the intervention. Area between check-dams can be cultivated with perennial crops such as 
fruit trees, tea or sugar cane. 

13. If branches or logs are used, then must be secured with anchor posts driven into the ground behind the 
dam to prevent the dam from being washed away. 

Space check dam structures according to the following table. 

Slope inside the gully Minimum Weir Depth 
15 cm  30 cm  45 cm  

6%  **  4m O.C.  8m O.C.  
5%  **  6m  9m  
4%  **  8m  12m  
3%  4.5m  10m  15.3m  
2%  7.6m  15.3m  25m 
** Not Allowed 

ILLUSTRATIONS, DIAGRAMS/PHOTOS 
 

  

Figure 106. Example of before and after using vegetation barrier to trap sediment and refill a small gully before it progresses 
(S. Braid). 

Before After 
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Figure 107. Example of stone check dams in gully reclamation at Maphutsaneng (C. Qalabane). 

  
Figure 108. Example of a vegetation check dam in a small gully, to prevent it progressing to a deeper and larger 
gully (S Braid). 

RE-DRAW 55 
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Figure 109. Example of well-established vetiver grass continuing to provide sediment trapping in channel. 

EQUIPMENT REQUIREMENTS 
•  
• A-frame 
• Pegs 
• Measuring Tape 
• Pickaxe / mattock 
• Hammer 
• Compacter if available 
• Shovels 
• Stones 
• Wooden posts or thick sticks 
• Thinner sticks or reads for weaving 
• Vetiver or Napier grass 

WORK NORMS 
Activity  Work norm  
Walking speed with rock 
(area covered by rock) 

0.34m/s 
(0.04m2) 

Placing rocks 8.3min/1m2/person 
Grass sodding 5min/1m2/ person 

 
RISK MANAGEMENT 
Check dams to be constructed during the dry season to ensure that they have time to establish with vegetation 
before the wet season. 

VARIATIONS & ADAPTATIONS  
• Depending on the size of the gully and the rate of erosion, either vegetation barriers or stone check dams or a 

combination of both can be used. The distance or interval between structures is guided by the steepens of the 
slope in the gully. 

Condition Adaptation 
Soil Sandy soils: Spacing can be 5% smaller 

Clay soils: Spacing can be 5% larger 
Slope The spacing between the structures is determine by slope. 
Rainfall  
Altitude Species selection of the silt trapping grass should be applicable to the 

climatic / altitude conditions, e.g., frost tolerant. 
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SEASONAL VARIATIONS 
• To be constructed during the dry season. 
• Regularly checked during the wet season. Any repairs should be done immediately to prevent failure, even 

during wet season. 

MAINTENANCE  
• Regularly check the structures for damage and repair immediately.  
• Water should be able to easily pass over the top of the structure once it has sealed with sand and silt. 

Check for erosion, replace stones/vegetation barriers if they wash away. 
• It is very important that the area downstream of wall (the apron) remains erosion-free, so it must be 

protected with a layer of stone. 
REFERENCES 
SPECIFIC DEFINITIONS 
Check dams -are small dams made of rock riprap or other non-erodible material constructed across a 
swale or channel to act as grade control structures. They are usually placed in series down the channel 
and used during construction 
 
SEE ALSO 
28. SILT TRAPS 
29. GULLY RECLAMATION  

FURTHER REFERENCE 
a. Clean Water Services (CWS) Erosion prevention and sediment control planning and design manual. Of 

Washington County June 2020 
b. Nissen-Petersen E. 2006. Water from Roads. A handbook for technicians and farmers on harvesting 

rainwater from roads.  Danish International Development Assistance. 
c. Denison J, Smulders H, Kruger E, Ndingi H ad Botha M. 2011. Water Harvesting and Conservation – Volume 

2 Part 1: Technical Manual and Farmer Handouts. Water Research Commission. 
d. Desta L, Carucci V, Wendem-Agenehu A, Abebe Y. 2005. Community based participatory watershed 

development: A Guideline. Ministry of Agriculture and Rural Development, Ethiopia. 
e. Braid, S.G. (ED) (2019). Green Village: Community-Based Catchment Management Guidelines. Water 

Research Commission. Report No K5/2508. Pretoria, South Africa. 
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9. SUSTAINABLE UTILISATION OF NATURAL RESOURCES 
Livelihoods are dependent on the utilisation of natural resources, either for food, energy, shelter, or income 
generation. To control depletion and degradation of natural resources, they should be used and managed in a 
sustainable manner, to prevent exceeding the threshold of replacement versus overexploitation. The objective of 
the sustainable utilisation control measures is to guide the utilisation of the selected natural resources in a 
sustainable manner, balancing utilisation with conservation. 

There are 5 interventions supporting the sustainable utilisation of natural resources control measure: 

31. SUSTAINABLE UTILISATION OF WETLANDS – WISE USE 
32. CONSERVATION OF WETLANDS – NO NETT LOSS 
33. SUSTAINABLE NATURAL FOREST MANAGEMENT 
34. WOODLOTS 
35. CLEARING ALIEN AND INVASIVE VEGETATION 
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31. SUSTAINABLE UTILISATION OF WETLANDS – WISE USE 
OVERVIEW 
Wetlands are defined by the presence of unique soils and vegetation that do not occur in terrestrial (dry land) and 
purely aquatic (>1m water) environments. These specific characteristics provide many goods and services that 
we depend on. However, detrimental impacts and overextraction or over utilisation of wetlands can lead to their 
degradation and further significant environmental damage within the catchment and water resource system. 
Therefore, sustainable utilisation, or “wise use”, must be implemented to effectively use and protect wetlands 
such that they can continue providing the necessary goods and services. Wise-use of wetlands refers to the 
maintenance of their ecological character, achieved through the implementation of ecosystem approaches, within 
the context of sustainable development (Ramsar, 2018). The Wise use focuses on managing wetlands and 
human needs across landscapes in collaboration with local communities, underpinned by good governance. 
While some wetland development is inevitable, it is not suitable for every wetland, in which case wetland 
conservation is more appropriate. 

OBJECTIVES 
• To introduce sustainable wetland planning and management practices and their associated benefits to 

Communities. 
• To maintain the ecological character of wetlands, within the context of sustainable development and 

utilisation. 
CATCHMENT PERSPECTIVES 
Wetlands are environments typically characterized by a surplus of water at, or close to, the surface of the ground. 
This surplus of water is driven by the interaction of the wetland’s water supply from its catchment and the shape 
and roughness of the wetland that typically slows downs and spreads out water, creating shallow waterlogged 
conditions. Wetlands are also places where sediment accumulates due to the low energy conditions. Therefore, 
wetlands are equally impacted by activities in the catchment that may impact on the water supply characteristics 
as well as by activities that occur within wetlands themselves. This means that even developments that avoid 
wetlands can have measurable and significant impacts through altering catchment water supply and drainage 
characteristics (volumes and patterns of flow) to the wetlands, as illustrated in Figure 110.  

 
Figure 110. Interrelationship of key components of wetland ecosystems (Adapted from ICLEI, 2018) 
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Promoting the sustainable utilisation of wetland systems on a catchment level will further enhance the capacity of 
a wetland for water security and provide direct benefits to agriculture and potential economic development on the 
local level. Functioning wetlands retain water in the catchment for longer. 

CRITERIA 
Applicable anywhere in the catchment wetlands exist, to maintain the ecological character of wetlands, within the 
context of sustainable development and utilisation. 

BENEFITS 
• A healthy functioning wetland provide a variety of tangible and life sustaining goods and benefits to 

support human livelihoods, including food and water. 
• Wetlands trap sediment and nutrients and enhance infiltration of water in the rainy season leading to 

improved water security and capacity to store and release water for irrigation in the dry season, for 
livestock, irrigation of vegetable crops to supply local markets. 

• Healthy wetlands assist with flood moderation and recharging of ground water. 

• The sustainable management of wetlands ensure domestic water supply in wells and increases 
community perception of wetlands and encourages better community management of water resources. 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Environment  
• Department of Range Resources Management 

 
OWNERSHIP& RESPONSIBILITY 

• Communities 
LIVELIHOODS 
Wetlands contribute significantly to our livelihoods, the key ones applicable for sustainable utilisation are 
summarised in the table. In order to keep benefiting from these provisions, requires the sustainable utilisation and 
management of the wetlands. 

Key provisioning services provided by wetlands that support basic human needs and 
sustaining livelihoods (ICLEI, 2018) 

 
 
Water 
Supply 

 
Harvestable 
Natural 
Resources 

 
Cultivated 
Food/ 
Agricultural 
Benefits 

Water for domestic use and 
livestock drinking 

Provide food (fish, birds, 
animals), wood for 
combustions, building materials 
(reeds, wood, thatching grass), 
craft materials and fibres (wood, 
reeds, sedges, rushes, and 
bulrushes), medicinal material, 
clay for building and peat for 
combustion 

Provide fertile soils 
(floodplains), conditions for wet 
crops, grazing land. 

 
METHOD STATEMENT 
METHODOLOGY 
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1. A Village Natural Resource Management Committee should facilitate the sustainable planning and 
management of wetlands within the village area. This may require communities to not only manage the 
wetlands themselves through land use planning but also the surrounding catchments that sustain and 
impact on to the wetlands.  

2. The Committee together with the community should identify which wetlands in the area are being used. 
The wetlands not used, will still require sustainable management principles be practiced in the land uses 
surrounding these wetlands in order to minimise impact to the wetlands. For the wetlands that are being 
used, further investigation is required.  

3. For the wetlands that are being utilised, the committee together with the community should compile a 
Resource Utilisation Schedule (simple table), indicating, why each wetland of the area is being used, by 
whom, and how are they being used (e.g., grazing, cultivation, harvesting, etc.), and if the use has any 
seasonal dependency, e.g., only used in dry months.  

4. Once the table of resource utilisation is compiled, then compile a basic assessment7 of each of the 
wetlands. This may require a selected group to walk through the specific wetlands to confirm or check for 
impacts. The aim of this assessment is to identify what the impacts are of the utilisation. Some of these 
impacts may be noticeable by older members of the community, i.e., the wetland has shrunk since they 
were young, or there was more reeds or grasses, etc. The evaluation should capture not only impacts on 
the ground such as points of erosion, but also the characteristics of the stories. More floods, less floods, 
more sediment/mud, less sediment/mud, changes in vegetation, change in size, change in time or length 
of time of being wet before drying up in dry months, etc. By identifying the impacts of the utilisation of the 
wetlands on the character of the wetlands, the committee together with the community can start to identify 
which activities are having a significant impact on the wetland.  

5. The next step is to discuss and identify how these practices could be altered or managed better in order 
to reduce the impacts identified. To mitigate impacts of land use activities within or upstream of wetlands, 
the following principles should be followed: 

a. Avoidance = avoid the impacting activity, and/or avoid conducting the impacting activity 
at that location. 

b. Minimisation = minimise the extent and/or location of the impact on the wetland e.g., use 
NO AND/OR MINIMAL  tillage, plant annual crops, etc. 

c. restoration = implement rehabilitation activities to restore degraded or negatively 
impacted characteristics of the wetland. 

d. Offset = where the previous cannot be implemented, then identify a wetland where the 
ecological function of the same volume or more CAN be protected. 

e. Compensate = compensate community members through access to other land or 
resources to prevent implementation of that activity or that wetland. 

Identify what other measures could be implemented to mitigate the impacts, e.g., erosion control 
measures. Identify how the wetland can be utilized sustainably without losing or degrading its ecological 
functions or characteristics, e.g., implement only NO AND/OR MINIMAL  tillage or rotational grazing and 
resting practices, reducing the period for grazing in the wetland to allow vegetation more time to recover, 
better.  These mitigations should also consider implementation of buffer areas, limiting high impact 
activities to the least sensitive parts of the wetland, for example limiting cultivation to outside of the 
permanent wet zone; prevent channelling especially irrigation furrows and ditches through the permanent 
wet zone.  

 
7 A more detailed technical assessment of the wetlands should eventually be undertaken. It is 
recommended to use the WET-Health assessment procedures: Wetland Management Series – TT 
340/09 published by the Water Research Commission (WRC), Pretoria, South Africa. 
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6. The recommendations to enhance the sustainability of agricultural use of wetlands are briefly 
summarised: 

Item  Recommendation 
Maintain buffers Maintain and demarcate regulation buffers with beneficial tree species, runoff 

management and perennial crops 
Maintain farm plot boundaries using different grass species. 

Cultivation 
method 

Avoid tractor cultivation; if mechanization essential, consider and test hand-driven 
motorised cultivators. 
Implement zero-tillage / minimal tillage practices to minimize soil disturbance 
Implement mulching to maintain soil wetness (reduce water loss through evaporation 
of exposed soils) and retain organic material into the soil during tillage (if it is 
necessary). 
Implement intercropping and crop rotation to reduce nutrient-mining and resultant loss 
of soil fertility. 
Implementation of conservation agriculture. 

Crop selection Perennial crops are more sustainable forms of cropping in wetlands than annual 
crops, where climatic conditions suitable 
Promote and implement Upland rice as an alternative to paddy rice where wetlands 
have been “earmarked” for the expansion of rice production, especially in prioritized, 
vulnerable and conservation wetlands. 

Cropping 
systems 

For subsistence and small cooperative farming land-uses, implement the 
synchronised Crop Rotation Programme to improve crop yield without increasing farm 
area. 

Soil fertility Enhance soil fertility (quantity and quality) by: 
Improving /expanding facilities for soil fertility testing and fertilizer recommendations – 
based on soil type-selected crop and yield target - for more discerning application of 
fertilizers. 
Apply Integrated Soil Fertility Management practices which recommends the 
combined application of both organic manure/compost and inorganic, granular 
fertilizers. 
Improve/expand GoL fertilizer subsidy programme. 
Thorough training and monitoring within the sector to avoid misuse of fertilizers. The 
training and monitoring would include: 
application methods,  
Farm plot boundary barriers, 
soil testing for quantity and type of fertilizer used, 
state monitoring of imported fertilizer quality. 

Irrigation Mitigate against increased rate of flow and soil erosion 
Implement sediment deposition before returning flow to main streams. 

7. Once these mitigation activities have been identified and agreed with the community it should be 
recorded on a map Figure 2, so everyone can see where which activities are or aren’t suitable. This 
should be incorporated into the Catchment Management Plans. The sensitive areas of the wetland, and 
any buffers or boundaries should be clearly marked on the ground using piles of rocks, or painted sticks. 

8. Where land use activities are happening outside of the wetland but impacting onto the wetland, such as 
increased runoff or sediment loads, then a minimum 30-50m buffer should be implemented between the 
land use activity and the edge of the wetland. Wetlands must be clearly zoned with a 50m buffer of 
protected natural vegetation to act as an infiltration zone and blocker of sediments/runoff reaching the 
wetland and should have fire protection, Figure 2. Cultivation in the wetland should be limited to small 
plots or beds surrounded by natural vegetation closer to the edge of the wetland, with no development at 
the core of the wetland. This will limit erosion and gully formation. Erosion and increased sedimentation 
can be further limited through managed grazing practices. 
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9. Wetlands typically have 3 zones: transition zone, seasonal or temporal zone, and the permanent wet 
zone. The central area or permanent wet zone is the area wettest for the longest period; if a person digs a 
small hole, water is noticed within the first 50cm. This area should not be utilised at all. The boundary of 
the permanent wet zone should be marked on the ground using sticks or piles of stones at regular 
intervals. The boundary can be confirmed by digging small holes to check the depth of the water at 
various intervals. Always fill the holes in afterwards to prevent this causing erosion, or injury to animals or 
people stepping into them. 

10. The wetland core must be clearly demarcated, and natural vegetation must be protected to prevent 
erosion,  

11. Community wells should not be located in the core of the wetland because they can become focal point 
for gully formation. They should be placed closer to the edge of the wetlands.  

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

 
Figure 111. Example of a wetland utilisation map, indicating which activities are suitable where in and around the wetland. 
(Wood and Thawe, 2013) 

EQUIPMENT 
• Paper and pens to write up the Resource Utilisation Schedule, to record the assessments of the 

wetlands, and the agreed mitigation actions, and the wetland utilisation map. 
• Sticks and rocks to mark out boundary areas on the ground in the and around the wetlands. 

WORK NORMS 
Community driven planning exercise.  

RISK MANAGEMENT 
• If drainage ditches, furrows, irrigation channels, are too deep they may draw water sideways out of the 

wetlands, causing the adjacent soil to dry out and increase the risk of erosion.  

RE-DRAW 56 
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• Open channels with water in the wetland increase the rate of evaporation of water from the wetland soils 
causing the soils to dry out and crust.  

• The cultivation in the centre (permanent wet zone) of the wetland creates erosion gullies due to soils 
being exposed to more runoff and moving water.  

• The planting of water hungry plants such as sugar cane and Eucalyptus trees in wetlands reduces the 
water supply and storage capacity of the wetland. 

VARIATIONS & ADAPTATIONS 
The principle of Wise use of wetlands is relevant to all wetlands and seeps across Lesotho. The methodology for 
planning and assessment may vary in how it I implemented or the level of detail. The methodology described 
above is a basic process that a village can implement themselves without technical input. A more detailed plan 
can be developed if more technical support is implemented. 

SEASONAL VARIATIONS 
The wetland resource map should indicate any seasonal variations in land use activities, e.g., not to disturb the 
soil during wet season, and limited grazing during winter. 

MAINTENANCE 
• The Committee must regularly check (monthly) the community are using the wetland according to the 

wetland utilisation map, and land use activities are not negatively impacting on the wetland. 
• If changes occur in the wetland, improvement or worsening, the map should be revised and updated 

accordingly. (Notice any chances through the seasons). 
• Monthly check the buffers are being implemented and adhered to. 
• Monthly check and repair/replace any of the marking stones/sticks to mark out the zones for utilisation. 

REFERENCES 
SPECIFIC DEFINITIONS 
Wise-use of wetlands: refers to the maintenance of their ecological character, achieved through the 
implementation of ecosystem approaches, within the context of sustainable development (Ramsar, 2018). 

SEE ALSO GUIDELINES 
1. NO AND/OR MINIMAL  TILLAGE 
4. AGROFORESTRY 
7.    RIPARIAN BUFFERS 
9.   AREA CLOSURE 

12. ROTATIONAL GRAZING AND RESTING 
13. FENCING 
28. SILT TRAPS 
29. GULL RECLAMATION 
30. CHECK DAMS 
34. CONSERVATION OF WETLANDS 

FURTHER REFERENCES 
a. ICLEI (2018). Wetland Management Guidelines: Building Capacity and Supporting Effective Management of 

Wetlands within South African Municipalities. Contributing authors: Ryan Edwards, Douglas Macfarlane, Kirsty 
Robinson, and Adina Israel. For: (ICLEI) Local Governments for Sustainability – Africa Secretariat. 

b. MFRSC 2012: Soil and Water Conservation Operations Manual, Ministry of Forestry and Land Reclamation, 
Department of Soil and Water Conservation. Maseru, Lesotho 2012. 

c. Ramsar Convention on Wetlands. (2018). Global Wetland Outlook: State of the World’s Wetlands and their 
Services to People. Gland, Switzerland: Ramsar Convention Secretariat. 

d. Wood, A.P. & Thawe, P. (2013). Catchment and wetlands: a functional landscape approach to sustainable 
use of seasonal wetlands in central Malawi.  
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e. Wood, A.P., Dixon, A.B. & McCartney, (eds.) (2013) Wetland management and sustainable livelihoods in 
Africa. 
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32. CONSERVATION OF WETLANDS – NO NETT LOSS 
OVERVIEW 
Wetlands are defined by the presence of unique soils and vegetation that do not occur in terrestrial (dry land) and 
purely aquatic (>1m water) environments. These specific characteristics provide many goods and services that 
we depend on. However, detrimental impacts and overextraction or over utilisation of wetlands can lead to their 
degradation and further significant environmental damage within the catchment and water resource system. 
Therefore, sustainable utilisation, or “wise use”, must be implemented in order to effectively use and protect 
wetlands such that they can continue providing the necessary goods and services. Wise-use of wetlands refers to 
the maintenance of their ecological character, achieved through the implementation of ecosystem approaches, 
within the context of sustainable development (Ramsar, 2018). The Wise use focuses on managing wetlands and 
human needs across landscapes in collaboration with local communities, underpinned by good governance. 
While some wetland development is inevitable, it is not suitable for every wetland, in which case wetland 
conservation is more appropriate. 

OBJECTIVES 
• To maintain the ecological character of wetlands, within the context of sustainable development and 

utilisation. 
• To introduce sustainable wetland conservation practices and their associated benefits to Communities. 
• To achieve “NO NET LOSS” of total area of wetlands within the greater catchment, and within Lesotho. 

CATCHMENT PERSPECTIVES 
Wetlands are environments typically characterized by a surplus of water at, or close to, the surface of the ground. 
This surplus of water is driven by the interaction of the wetland’s water supply from its catchment and the shape 
and roughness of the wetland that typically slows downs and spreads out water, creating shallow waterlogged 
conditions. Wetlands are also places where sediment accumulates due to the low energy conditions. Therefore, 
wetlands are equally impacted by activities in the catchment that may impact on the water supply characteristics 
as well as by activities that occur within wetlands themselves. This means that even developments that avoid 
wetlands can have measurable and significant impacts through altering catchment water supply and drainage 
characteristics (volumes and patterns of flow) to the wetlands, as illustrated in Figure 1.  
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Figure 112. Interrelationship of key components of wetland ecosystems (Adapted from ICLEI, 2018) 

Promoting the sustainable utilisation of wetland systems on a catchment level will further enhance the capacity of 
a wetland for water security and provide direct benefits to agriculture and potential economic development on the 
local level. Functioning wetlands retain water in the catchment for longer. 

CRITERIA 
Applicable anywhere in the catchment wetlands exist, in order to maintain the ecological character of wetlands, 
within the context of sustainable development. 

BENEFITS 
• A healthy functioning wetland provides a variety of tangible and life sustaining goods and benefits to 

support human livelihoods, including: 

• Wetlands trap sediment and nutrients and enhance infiltration of water in the rainy season leading to 
improved water security and capacity to store and release water in the dry season and maintain base 
flows to rivers for use downstream. 

• Healthy wetlands assist with flood moderation and recharging of ground water. 
• The sustainable management and conservation of wetlands ensure domestic water supply in wells and 

increases community perception of wetlands and encourages better community management of water 
resources. 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Environment 
• Department of Water Affairs 
• Department of Range Resource Management 

OWNERSHIP & RESPONSIBILITY 
• Community 
• Local Authority 
• Department of Environment 

LIVELIHOODS 
Wetlands contribute significantly to our livelihoods, and greater environmental and climate cycles. It is important 
to protect these environmental cycles to protect the benefits and products we gain through the cycles. By 
conserving and protecting specific wetlands, contributes to the protection of the environmental cycles, including 
conservation of biodiversity. 

METHOD STATEMENT 
METHODOLOGY 
1. Create a Baseline Wetland Inventory = Identify and map all the wetlands and seeps located in the village 

or catchment area. Identify the area/size, type of wetland (seep, valley bottom, channelled or 

Cultural Services Provisioning Services Regulating Services Supporting 
Services 

Religious 
monuments and 
practices 

Fish and other food Water purification Primary production 

Recreation Raw materials – 
grasses, timber, fodder 

Flow rate regulation Nutrient recycling 

Tourism and 
ecotourism 

Genetic resources Flood mitigation Water supply 

Cultural monuments 
and practices 

Water supply Carbon sequestration  

 Medical resources Waste decomposition  
 Hydropower   
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unchanneled, etc.), where they are located, what is their current state, what pressures are being exerted 
on them, and any individual characteristics e.g., soil type, protected flora or fauna, cultural or religious 
significance, etc. 

2. Regular monitoring, e.g., every 5 years of this inventory should take place, including to monitoring the 
state and extent of the wetlands.  

3. The objective of wetland conservation is to achieve “NO NET LOSS”. Where wetlands are being los, 
either degradation from over utilisation or development pressures, then sites for offset and wetland 
expansion should be considered. “No net loss” is a government policy to achieve no net loss of 
wetland area and/or ecological character at a given geographical scale (often national). Wetland impacts 
may be permitted, but compensation (through restoration or creation) is needed to counterbalance these, 
not necessarily site-by-site but for the total wetland resource. A “no net loss” policy may be limited to a 
particular programme, subset of wetlands or jurisdiction. 

4. Depending on the sensitivity of the different wetlands in the Inventory, together with the community agree 
the level of conservation, protection, or sustainable utilisation for each wetland. Where wetlands are 
extensively utilised then specific wetlands for complete conservation must be identified and protected as 
such. Depending on the sensitivity or function of the wetland, level of threats to the wetland, different 
levels of conservation may be applied to the wetland. For example, protected plant or animal species may 
require their habitat to be protected and therefore no agricultural or harvesting activities may take place. 
Very sensitive wetlands may be completely fenced off and declared protected areas with access control. 
Wetlands that are not as sensitive may allow some harvesting of grasses for thatching and weaving 
during appropriate months. The level of-and measures of conservation must be agreed with the 
surrounding communities. 

5. A more detailed technical assessment of the wetlands should eventually be undertaken. It is 
recommended to use the WET-Health assessment procedures: Wetland Management Series – TT 
340/09 published by the Water Research Commission (WRC), Pretoria, South Africa. 
 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

  
Figure 113. Unchanneled valley bottom wetland in good condition, with conservation farming practices around the outside of 
the wetland and no disturbance in the wetland. (ICLEI, 2018) 
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Figure 114. Channelled valley bottom wetland. some incision of the channel around the wetland. (ICLEI, 2018) 

EQUIPMENT 
Compile and inventory of the state, location, and extent of wetlands in the catchment: 
Hand auger, spade, notebook, pen, tape measure, string. 
 
WORK NORMS 
Activity  Work norm  
Fencing posts 

Soft soil 
 Medium soil 
      Hard soil 

 
11min/1.5m3/person 
25min/1.5m3/person 
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 
Alien Clearing 0.5ha/pd 
Brush on site  
Spread 1 bundle  
(mulch, brush, etc.) 
Walking with bundle 
(brush or mulch) 

150m2 / pd 
100seconds / 0.6m2 

 

0.7m/s  
(bundle = 0.5m2) 

RISK MANAGEMENT 
If there is no community engagement and agreement, and potential alternatives, then the community may still use 
the wetland irrespective of the conservation status. 

VARIATIONS & ADAPTATIONS 
Depending on the sensitivity or function of the wetland, different levels of conservation may be applied to the 
wetland. For example, protected plant or animal species may require their habitat to be protected and therefore 
no agricultural or harvesting activities may take place. Very sensitive wetlands may be completely fenced off and 
declared protected areas with access control. Wetlands that are not as sensitive may allow some harvesting of 



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 197         

grasses for thatching and weaving during appropriate months. The level of-and measures of conservation must 
be agreed with the surrounding communities. 

SEASONAL VARIATIONS 
Conservation of wetlands should take place all year round. Some cultural and religious utilisation of the wetland 
may take place at applicable time. 

MAINTENANCE 
• Regular inspection, bi-monthly, to ensure there is not land use activities encroaching into the conserved 

wetlands and/or not degradation taking place. Checking fencing, gully development, removal, and follow-
up of removal of invading vegetation. 

• Monthly check the buffers are being implemented and adhered to. 
• Monthly check and repair/replace any of the marking stones/sticks to mark out the zones for utilisation. 

REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO GUIDELINES 
7. RIPARIAN BUFFERS 
9.  AREA CLOSURE 
12. ROTATIONAL GRAZING AND RESTING 
13. FENCING 
14. WILDFIRES 
28. SILT TRAPS 
29. GULL RECLAMATION 
30. CHECK DAMS 
33. SUSTAINABLE UTILISATION OF WETLANDS (WISE-USE) 

FURTHER REFERENCES 
a. ICLEI (2018). Wetland Management Guidelines: Building Capacity and Supporting Effective Management of 

Wetlands within South African Municipalities. Contributing authors: Ryan Edwards, Douglas Macfarlane, Kirsty 
Robinson, and Adina Israel. For: (ICLEI) Local Governments for Sustainability – Africa Secretariat. 

b. MFRSC 2012: Soil and Water Conservation Operations Manual, Ministry of Forestry and Land Reclamation, 
Department of Soil and Water Conservation. Maseru, Lesotho 2012. 

c. Ramsar Convention on Wetlands. (2018). Global Wetland Outlook: State of the World’s Wetlands and their 
Services to People. Gland, Switzerland: Ramsar Convention Secretariat. 
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33. SUSTAINABLE NATURAL FOREST MANAGEMENT 
OVERVIEW 
Sloping lands are vulnerable to several risks and hazards. Intense rain can trigger landslides and flash floods and 
lead to soil erosion. Indigenous and beneficial trees on slopes can help to prevent these effects, replenish soils, 
and provide other environmental services. Shrubs and trees on slopes can significantly reduce soil erosion 
especially through binding the soil with their roots. In addition, trees can help redistribute water in soil, and provide 
shade to prevent water loss on mountains and upland slopes with forests  

In view of this, Sustainable Forest management must keep the balance between ecological, economic, and socio-
cultural pillars. Successful sustainable forest management should provide integrated benefits to all, ranging from 
safeguarding local natural resources, with balancing the needs of local livelihoods with protecting biodiversity and 
ecosystems provided by forests, and mitigating some of the effects of climate change.  

Historically forest conservation has not been met due to land use changes; driven by demand for food and fuel. It 
is therefore necessary to advocate for better forest management more strongly given the importance of forest in 
meeting basic human needs and maintaining ecosystem and biodiversity as well as addressing climate change 
mitigation.  

OBJECTIVES 
Improving the performance of natural forests so that they contribute to climate mitigation, resource production and 
ecosystem services, poverty alleviation, economic development, and environmental stability, including provide 
habitats for many pollinators, amongst other fauna and flora, which are essential for sustainable food production. 

CATCHMENT PERSPECTIVES 
Natural Forests provide the “lungs” of the catchment. The trees help to purify the air from pollutants such as the 
carbon dioxide from fires. Forests help retain water in the landscape and contribute organic material into the soil 
to produce fertile healthy soils. The vegetation of the forest also provides products such as medicinal plants, 
mushrooms, and nectar for honey. Where natural forests still occur, they should be sustainably utilised and 
conserved. 

CRITERIA 
The occurrence of indigenous forests is on suitable hills ridges, slopes, and valleys with depth of soil greater than 
50cm. 

BENEFITS 
• Decreased runoff on the landscape 
• Increased habitat 

MANAGEMENT  
LEAD DEPARTMENT 

• Department of Forestry 
OWNERSHIP& RESPONSIBILITY 

• Local authorities 
• communities 

LIVELIHOODS 
Forests provide fuelwood for home energy needs, fruits, and medicines 

METHOD STATEMENT 
METHODOLOGY 

• mobilisation of communities in the vicinity of the forest 
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• community participatory needs assessment 
• capacity training 
• nursery establishment and planting techniques 
• seedlings production 
• land preparation/pitting 
• Planting 
• Weeding 
• Thinning 
• Monitoring and evaluation 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

  
Figure 115. Example of natural forest. 

EQUIPMENT 
• Spade / shovel 
• Plastic sheeting, e.g., roofing plastic. 
• Saw / axe 
• Watering bucket 

WORK NORMS 
Activity  Work norm  
Alien Clearing 0.5ha/pd 
Plant Tree pit:  

Soft soil 
 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person  
27min/1.5m3/person 

RISK MANAGEMENT 
Utilising forest resources faster than they are replenished will result in deforestation. Destruction of natural forests 
contributes to altered rainfall patterns, increased runoff, and erosion, reduced availability of energy wood and 
other products. The community should agree on the allowable harvest thresholds per family of the community. 

 
RISK MANAGEMENT 
• Control of forest fires, insects, and animals to maintaining the health and productivity of forest plantations 
• Improve the capacity of the land users to adapt to climate changes/ extremes  



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 200         

• Capacity building of land users to sustain what has been implemented (without external support)  
 

VARIATIONS & ADAPTATIONS 
 
SEASONAL VARIATIONS 
MAINTENANCE 
• Very little maintenance is required for this practice.  
• Maintain healthy tree growth. Manage insects and fire to prevent destruction or loss of the desired tree 

species. 
• Thinning shrubs and tree dominated tree communities to reduce fuel loads and provide large volumes of 

woody biomass for an alternative fuel for society 
REFERENCES 
SPECIFIC DEFINITIONS 
SEE ALSO GUIDELINES 
14. WILDFIRES AND FIRE BREAKS 
34. WOODLOTS 

FURTHER REFERENCES 
a. MFRSC 2012: Soil and Water Conservation Operations Manual, Ministry of Forestry and Land Reclamation, 

Department of Soil and Water Conservation. Maseru, Lesotho 2012. 
b. http://forest.delhigovt.nic.in/wps/wcm/connect/DOIT_Forest/forest/home 
c. http://www.westbengalforest.gov.in/ 
d. https://www.sustainableforestproducts.org/ 
e. http://www.fao.org/sustainable-forests-management/en/ 
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34. WOODLOTS 
OVERVIEW 
Woodlots play a significant role in the livelihoods of communities and catchment management. 
The farmers resisted the idea of transforming their grazing land for tree planting when the project was initiated in 
Lesotho for fear of losing out benefits of grazing through tree growing process. As supplies of wood from natural 
forests decline, woodlots have become a major source of fuelwood for homestead heating in rural areas. Some 
plantations have had negative environmental, economic, social, or cultural impacts due to poor site selection; 
choice of species; economic returns; changes in soil and water status; and alienation of customary lands uses 
leading to conflicts. 

OBJECTIVES 
• To offset pressure for wood production from natural forests and vulnerable ecosystems to allow them to 

be managed for conservation, protection, and recreation purposes  
• To provide environmental and social services and livelihood support 
• To provide an alternative supply of wood with minimum demand on land 

CATCHMENT PERSPECTIVES 
The best ways of protecting catchments and reclaiming areas degraded by severe soil erosion, and other forms 
of land degradation is by planting tree species that are adapted to such conditions and prevention of wood 
poaching through deforestation of natural forests. Woodlots establishment is a major activity in terms of carbon 
sequestration and climate change mitigation. It provides necessary recourses closer to the homestead, and in a 
more sustainable way as it is constantly being rejuvenated.  

Woodlots are key to meeting the increasing demand for energy for heating and cooking in the rural areas thereby 
decreasing the need to collect cow dung as fuel. Communities should be capacitated on how to manage the 
woodlot to be sustainable (i.e., don’t harvest faster than it is replenished) to produce the best environmental and 
livelihoods outcomes. 

CRITERIA 
• Can be used on Slopes that are vulnerable to grazing as a means of erosion protection.  
• Degraded slopes and valleys to protect the soil and increase water infiltration 

BENEFITS 
• Wood cut can be used to supplement income or can be used as a source of energy for the homes. 

Woodlots can also include beneficial trees such as fruit trees. 
• Increase wildlife habitat 
• Improve water quality, while increasing the value of our land. 
• Wood can be used as a source of fence posts, construction for the home, fuel wood, etc. Leaves from 

certain species can be used for mulching and green manure. 
LEAD DEPARTMENT 
Department of Forestry 

OWNERSHIP& RESPONSIBILITY 
• Communities 
• Individual farmers 

LIVELIHOODS 
Woodlots provide fuel and construction materials for building homes by communities 

METHOD STATEMENT 
METHODOLOGY 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/land-degradation
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbon-sequestration
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbon-sequestration
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1. Site selection- local authorities to provide communities with land that is not an impediment to 
communities’ investment in woodlot establishment. The selected land should be free of various conflicts 
over land use and tenure rights 

2. Site preparation- The area should be demarcated and fenced off to prevent grazing by free roaming 
livestock especially goats. Where the area can’t be fenced off then the trees should be grown in tree 
baskets so the goats and livestock can’t reach new leaves and shoots. The boundary area should be 
lined with plastic, to prevent spread of the trees, especially alien and invasive species, from spreading 
outside of the identified woodlot area. This is done by digging a trench 1-2m deep and placing the roofing 
plastic vertically to forma barrier against root creep, the trench is then filled in with the soul 

3. Planting - Trees to be composed of species that grow fast and sprout after harvest this can provide a 
continuous supply of wood sufficient to heat homes. The coppicing of trees enables new stems to sprout 
from the original bough of the tree. 

4. Protection – provide strategies to protect trees against insects, animal damage and fire 
5. Management- communities to be capacitated with proper techniques to undertake activities that will 

resulting in good quality trees., and the regular re-planting of trees in the wood lot. A harvesting 
programme for the woodlot should also be established to ensure the woodlot is not overharvested. 

6. Monitoring and evaluation 
ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

 
Figure 116. Example of a poor-quality woodlot, insufficient water and prone to livestock grazing. 
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Figure 117. Example of a sustainable and successful woodlot. 

 
Figure 118. Example of a tree basket. Allows sun, air, and water to reach the tree will it grows and prevent goats 
and grazing animals from eating its leaves and shoots (S Braid). 
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Figure 119. Example of a living fence around a homestead. The trees, uprights of a woven fence, can be 
coppiced and harvested as fuel wood. 

  
Figure 120. Example of woodlot that was cut and has coppiced. Do not use alien invasive species for wood lots 
near water resources. 

EQUIPMENT 
• Spade / shovel 
• Saw / axe 
• Watering bucket 

WORK NORMS 
Activity  Work norm  
Plant Tree pit:  

Soft soil 
 Medium soil 
      Hard soil 

(dig, plant, water, fill, mulch) 
15min/1.5m3/person 
20min/1.5m3/person 
27min/1.5m3/person 

Plant ponds:      
Soft soil              

  Medium soil 
Hard soil 

 
11min / pond 
17min / pond 
23min / pond 

Fencing posts 
Soft soil 

 
11min/1.5m3/person 
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 Medium soil 
      Hard soil 

25min/1.5m3/person 
22min/1.5m3/person 

Fencing wiring 10mins/100m/ strand 

RISK MANAGEMENT 
• Training of communities and support with tree seedlings to establish a tree nursery 
• Local authorities guarantee for protection of farmers initiatives in establishing woodlots 
• Government's commitment in supporting the community woodlots through Policy and Institutional 

frameworks. 
• Well defined land tenure rights to farmers investment in woodlot establishment. This has also led to 

various conflicts over land tenure rights 
VARIATIONS & ADAPTATIONS 
Woodlots can be located in farm fields and around the homestead or schools. However, although they do require 
regular watering, they should be located adjacent to wetlands, streams, or rivers. Runoff management systems 
can be used to direct runoff water to the woodlot or provide water. 

The woodlot can also be planted as windrows or living fences around the homestead or farm boundary. 

SEASONAL VARIATIONS 
• Selection of tree species needs to be applicable to the climatic conditions of the area. Fast growing trees 

are preferable, as they will coppice quickly. However other beneficial trees and shrubs can also be used 
e.g., pigeon pea. 

MAINTENANCE 
• Encourage sustainable management of planted trees 
• Young trees to be thinned out to allows the remaining fewer trees to grow faster 
• Full-grown trees of good firewood to be removed to allows space for younger, healthier, faster-growing 

trees. 
REFERENCES 
SPECIFIC DEFINITIONS 
Carbon sequestration: a natural or artificial process by which carbon dioxide is removed from the atmosphere 
and held in solid or liquid form, e.g. plant vegetation, trees, wetlands, etc. 

Habitat: The environmental characteristics where a plant or animal naturally lives and grows, including access to 
food and water, shelter, nutrients, etc. 

SEE ALSO GUIDELINES 
4. AGROFORESTRY 
32. CONSERVATION OF WETLANDS – NO NETT LOSS 
33. SUSTAINABLE NATURAL FOREST MANAGEMENT 
34. WOODLOTS 
35.CLEARING ALIEN AND INVASIVE VEGETATION 

FURTHER REFERENCES 
a. MFRSC 2012: Soil and Water Conservation Operations Manual, Ministry of Forestry and Land Reclamation, 

Department of Soil and Water Conservation. Maseru, Lesotho 2012. 
b. https://www.woodnet.org.uk/woodlots/ 
c. http://yates.cce.cornell.edu/forestry/woodlot-management 
d. http://www.fao.org/3/U7150E/U7150E04.htm 

 
  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbon-sequestration
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35. CLEARING ALIEN AND INVASIVE VEGETATION 
OVERVIEW 
Invasive alien plant control relies on four main methods - manual, mechanical, chemical, and biological control. 
Long-term success of any programme is best achieved through a combination of these. This is called an 
integrated control approach. Alien and Invasive vegetation species are species that have scientifically been 
identified as problem species. Typically, they grow faster than indigenous vegetation, absorbing more water and 
nutrients and crowding out slower growing indigenous species, thereby threatening the extent of indigenous 
vegetation and the habitat of local fauna and flora, e.g., Crane birds can’t nest in a Eucalyptus tree or in bamboo. 
Species such as Eucalyptus and Pinus alter the soil chemical composition, preventing indigenous species 
growing and causing severe erosion, without specific rehabilitation of the soil composition. In many areas, these 
invasive species are planted deliberately because they are fast growing. However, they should only be planted in 
a controlled environment such as a managed woodlot and away from water resources especially wetlands and 
rivers. Alien and invasive woody vegetation burns faster than indigenous vegetation, causing wildfires to spread 
faster. 

OBJECTIVES 
To educate communities on the general approaches to managing invading alien plant species. 

CATCHMENT PERSPECTIVES 
Invading alien plants use much more water than indigenous trees and plants – and doing so they grow faster. 
They prevent rainwater from reaching rivers and deprive people and ecosystems of much needed water. Invasive 
alien plants can displace indigenous species and thereby reduce biodiversity. Invading alien plants also increase 
fuel loads making the area more vulnerable to devastating fires that destroy infrastructure and damage soils. By 
damaging the soils, important indigenous seed banks are destroyed and may be eliminated from the area. 
Damaged soils are more prone to soil erosion. 

Alien and invasive vegetation are found throughout the catchment and in all land uses. Infestations in the 
mountain source areas and riparian areas of water resources are particularly problematic areas. 

CRITERIA 
Invasive alien vegetation, if left unmanaged, will invade and replace indigenous vegetation by monopolising the 
water resources and nutrients. Common problematic species include, Eucalyptus, pines, wattles, poplar, syringa. 

BENEFITS 
• Controlling invading alien plants especially along waterways, can increase water supply 
• Reduces the risk of devastating fires and the replacement of indigenous vegetation 
• Can reduce the risk of biodiversity loss, thereby protecting important indigenous vegetation 
MANAGEMENT  
LEAD DEPARTMENT 
• Department of Forestry 
• Department of Environment 
• Department of Range Resource Management 
 
OWNERSHIP & RESPONSIBILITY  
All landowners and land users are responsible for maintaining the land they own or have access to use, including 
preventing and rehabilitating soil degradation because of their utilisation of the land, including removal of alien 
invasive vegetation that invades or degrades the land. 

LIVELIHOODS 
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Clearing of Alien and invasive vegetation is an ongoing job, to maintain the follow-up after the initial clearing. The 
biomass from felled alien and invasive vegetation can be used as poles for construction, plans for timber and 
furniture, saw dust/chips for mulching, firewood for energy, etc. 

METHOD STATEMENT 
METHODOLOGY 
Invasive alien plants come in many different shapes and forms and therefore different species may have different 
control mechanisms which are more effective than others, please refer to the Global Invasive Species Programme 
as mentioned in the reference section (Wittenberg, R. and Cock, M.J.W (eds). 2001). 
 
General considerations: 
• Always start at the highest point and work downwards i.e., downhill, or downstream 
• Start from the edge of the infestation and work towards the centre 
• Ensure all root material is removed from site, especially out of the floodplain of rivers or land prone to flooding, 

to prevent the materials washing downstream and causing blockages and damage to infrastructure. 
• The following methods can be used to remove larger hardwood invading alien plants. Use of chainsaws is not 

described here as it requires formal training and a certificate of competency. 
• In areas of bird habitat e.g., fish eagles and kingfishers, leave the odd tree for them to roost and nest. These 

trees should rather be ring-barked than felled, so the die slowly. Ensure to plant a new indigenous tree 
adjacent, so there will still be habitat for the birds in the future. This will also provide some shade to new 
vegetation, as well as to provide shade into pools in the river for refugia habitat for aquatic fauna. 

Ring barking:  
1. The bark must be removed in a 30 cm band around the stem at a height of 50 cm 
2. All bark must be removed until only the wood is visible 
3. Beat the bark with a sturdy log or the blunt end of an axe to loosen the bark 
4. Ring barking prevents food reaching the leaves of the plant 

Strip barking:  
1. Strip off all the bark from waist height to below the surface of the soil 

Hand pull:  
1. Grip the young plant or seedling low down and pull out by hand 
2. Remove the plant and roots 
3. Shake the excess soil from the plant 

ILLUSTRATIONS/ DIAGRAMS/PHOTOS 

Ring barking Strip barking Hand pulling Slashing 

RE-DRAW 57 
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Figure 121. Example of different wood products processed from removing woody alien and invasive vegetation. 

EQUIPMENT 
• Bow saw 
• Slasher  
• Axe  
• Shovel 
• Chainsaw for larger trees (to be used ONLY by qualified persons) and diesel 
• Herbicide sprayer pack 
• Appropriate herbicide 

WORK NORMS 
Activity  Work norm  
Alien Clearing 0.5ha 

Slashing  0.7m/s 

RISK MANAGEMENT 
• Do not use herbicide during precipitation or immediately before or after. The rain can wash the herbicide from 

the stumps into the surround vegetation and into waterbodies, causing pollution of the river. 
• Careful with the use of chainsaws to felling trees and shrubs – appropriate training must be carried out prior to 

use, and only suitable and qualified persons should use chainsaw equipment.  
• Caution for chains saws, pangas and saws causing sparks on stones which can cause wildfires. Always have 

emergency water when clearing alien vegetation, to put out any fires that may start before they spread. 
• If clearing is not followed up, the spread of invading species could be worse than before. 
VARIATIONS/ADAPTATIONS 
Condition Adaptation 
Land use Area Closure can be implemented anywhere for different reasons  
Soil Invasive alien vegetation will growth in all soil types and both very shallow and 

very deep soils. However, some species of alien vegetation can alter the soil 
chemistry preventing growth of understory vegetation and making soils prone to 
erosion. 

Slope Alien and invasive vegetation will grow on all slopes, including near vertical cliff 
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faces. It is important to try remove the vegetation from the upper catchments and 
tributaries to prevent the recurrence of seeds downstream in the catchment. 

Rainfall Alien and invasive vegetation is very hardy vegetation and can survive with 
limited supply of water. 

Altitude Species may vary with altitude and temperature range, but alien and invasive 
vegetation is found in a wide range of altitude and temperature range. 

SEASONAL VARIATIONS 
• When flowers are in seed, cover the flowers to prevent the spread of seeds, such as with a shopping packet. 
• Do not compost the flowers while in seed. 
MAINTENANCE 
Regular follow-up of treated plants and areas are required to ensure the successful control of the relevant 
species. Approximately 32 other species of invasive vegetation can sprout once given the opportunity of sunshine 
after a large alien tree has been felled. These may be either seeds from the same species or other vegetation 
such as grasses and shrubs. It is important to monitor what is resprouting, if is the natural vegetation or other 
species. Follow up of felled trees should occur every 4 months until there is no more sprouting from the 
seedbank. If regular follow up I not carried out, the density of the infestation could get worse than before. 

REFERENCES 
SPECIFIC DEFINITIONS 
Herbicide – poison specifically for vegetation. 

SEE ALSO GUIDELINES 
4. IMPROVED LAND PREPARATION 
10. RESEEDING AND REHABILITATION 
28. SILT TRAPS 
32. CONSERVATION OF WETLANDS – NO NET LOSS 
33. SUSTAINABLE NATURAL FOREST MANAGEMENT 

FURTHER REFERENCES 
a. Akobundu, I.O. and Agyakwa, C.W. 1998. A Handbook of West African Weeds. International Institute of 

Tropical Agriculture, Nigeria. Page 304.  
b. Henderson, L. 2001. Alien Weeds and Invasive Plants: A Complete Guide to Declared Weeds and Invaders 

in South Africa, Including another 36 Species Invasive in that Region. Plant Protection Research Institute.  
c. Martens, C., Deacon, G., Ferreira, D., Auret, W., Dorse, C., Stuart, H., Impson, F., Barnes, G. and C. 

Molteno. 2021. A practical guide to managing invasive alien plants: A concise handbook for land users in the 
Cape Floral Region. WWF South Africa, Cape Town, South Africa. 

d. MFRSC 2012: Soil and Water Conservation Operations Manual, Ministry of Forestry and Land Reclamation, 
Department of Soil and Water Conservation. Maseru, Lesotho 2012. 

e. Mwanyongo, M.K.M., Maulana, T.H.H. and Kamwendo, J.S. 2002. Malawi. IN: Macdonald, I.A.W., J.K. 
Reaser, C. Bright, L.E. Neville, G.W. Howard, S.J. Murphy & G. Preston (eds.). 2003. Invasive alien species 
in southern Africa: national reports & directory of resources. Global Invasive Species Programme, Cape 
Town, South Africa. 

f. Quattrocchi, U (ed.) 1999. CRC World Dictionary of Plant Names: Common Names, Scientific Names, 
eponyms, Synonyms and Etymology. CRC Press, Florida.  

g. Wittenberg, R. and Cock, M.J.W (eds). 2001. Invasive Alien Species: A Toolkit of Best Prevention and 
Management Practices. CAB International, Wallingford, Oxon, UK, xvii-228. 
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10. MONITORING 
How do we know if we’ve achieved our objectives unless we monitor the results of our actions? Monitoring will 
show us what has worked and what has not worked. There is more to learn from actions that have not worked, to 
understand WHY they have not worked – perhaps they need to be at a bigger or smaller scale, perhaps an 
additional intervention is needed, perhaps the maintenance wasn’t kept up. Monitoring is important not only to see 
the results of our actions, but also to learn how to improve them for the future or for other sites. 

Key components of the monitoring and evaluation (M&E) system should be the selection of the indicators and 
ensuring feedback of the results into the decision-making and implementation processes.  In simple terms, M&E 
is necessary to ensure that implementation takes place with the intended results and impacts. A proper M&E 
system, whose results are shared among stakeholders, also fosters accountability and transparency, and is likely 
to generate broad-based support for the plan implementation. Monitoring provides the evidence to demonstrate to 
other users the beneficial impact of implementing various activities.  

Formal M&E systems can be costly and demanding of resources - human, data and financial. It is therefore 
necessary to develop an efficient, effective and sustainable system, which can be implemented within resource 
limits and line functions. The data and its interpretation should be rigorous and robust; it is important to measure 
what is valued, not value what is being measured e.g. In order to report on availability of water it is more important 
to monitor and report on the availability/quality of water at the boreholes, rather than number of boreholes drilled 
(which may be dry for several months of the year). 

Stakeholders need to know whether progress is being made and what the achievements have been at any given 
time. A good M&E process will also provide indications of where delays or diversions are being experienced, so 
these can be addressed. Monitoring also provides an evidence base to: 
(i) Show that resources are being used effectively. 
(ii) Identify where more resources are required to tackle new issues; and  
(iii) Suggest new actions where stubborn problems remain.  

INDICATORS 
An indicator is a “pointer” that helps to measure progress towards achieving results. An indicator provides a 
simple and reliable means to measure or reflect the changes connected to resource management interventions. 
An indicator helps to isolate a result or change. Indicators are not important on their own, but they are important at 
pointing or signalling the change that is a result of planned interventions derived from the implementation plan.  
The indicator is not the change but signals the change. In order to measure change, whether improvement or 
deterioration, requires a baseline or status quo measurement prior to implementation of any interventions.  

According to Bockstaller and Girardin (2003) indicators serve two functions, one is informative in that they provide 
simplified information about complex systems, or ‘things’ that are difficult to measure, and the other is a decision- 
support function to achieve a certain set of objectives. In the former, indicators provide a mechanism to compare 
results of different approaches or activities using the same unit of measure, for example measuring the speed a 
car travels and a bicycle travel over the same distance, can be compared in km/h, similarly comparing the volume 
or weight of silt collected from a vegetated plot and an unvegetated plot of the same size, allows us to compare 
two different approaches to land management, and to demonstrate the effectiveness of vegetation cover as a 
mechanism to reduce soil erosion compared to doing nothing. 

Performance (of a process, or activity) can be described and measured by indicators (qualitative or quantitative), 
which provide a picture about the state of a structure, organisation, phenomenon or activity. There are several 
types of indicators, and their use depends on the context in which they provide information, as outlined in Table 1. 
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Table 2. Types of indicators that are used in reporting and performance management (Adapted from Walmsley, 
2009). 

Type of indicator Comment on usage and context 
Qualitative indicators Provide descriptive and contextual information, e.g., once barren now fully 

grassed area. 
Quantitative indicators Provide contextual and explanatory information based on numerical values that 

require data collection, e.g., rate or erosion reduce to x tonnes/ha/year, or size of 
erosion gully reduce from 100m long and 3m deep to 20m long and 1 m deep. 

Process indicators Describe the qualitative and/or quantitative characteristics of a process. They 
measure ways in which services and goods are provided.  

Input indicators Measures resources, both human and financial, used to implement a particular 
program or intervention (i.e., number of days taken to build fence, kg of seed 
used in reseeding). Input indicators can also include measures of characteristics 
of target populations (i.e., number of farmers receiving irrigation water) 

Output indicators Measure the quantity of goods and services produced and the efficiency of 
production (i.e., number of terraces constructed, tonnes of maize produced) 

Outcome indicators Measure the broader results achieved through the provision of goods and 
services (e.g., economic and social benefits achieved through provision of 
irrigation water) 

Performance indicators Provide information about the achievements of an activity, a process or an 
organisation 

 

Before developing indicators, one needs to be clear about what one is trying to measure or evaluate, for this 
purpose specific topics and criteria need to be identified for the evaluation. This will assist to select indicators that 
provide relevant and useful information. You can compile several indicators for each criterion. The indicators can 
be a variety of types as per Table 1. 

If we consider soil and water conservation measures, with the objective of reducing soil erosion and reducing silt 
loads. There are three topics or criteria of the process that we can evaluate, namely Implementation, 
Achievement and Impact; these criteria each build on from the previous one. 

• Implementation, as the base criteria, provides an indication of whether the soil and water conservation 
measures and interventions have been implemented, successfully. I.e., were interventions implemented 
or not, where they implemented according to design requirements or not, etc. 

• Achievement, as the middle criteria, provides information on whether the interventions met the objectives 
of the soil erosion prevention and rehabilitation, and sediment reduction measures. I.e., has there been a 
reduction in the occurrence of erosion, has sediment been trapped, etc.? 

• Impact, as the top criteria, provides information about the resultant impact as a result of the 
implementation and achievement of the soil and water conservation measures, i.e., how has the reduced 
erosion and sediment impacted the farm and community e.g., through productivity yields, food security, 
reclaimed land, rangeland improvement, etc.  

From here one can then compile specific indicators), and appropriate measures (unit of measurement) of the 
indicators.  
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Monitoring does not need to be too onerous, time consuming, complicated, or expensive. Once you have an idea 
of why you are measuring, you will have an idea of what to measure. The information from the indicator and 
measure must be able to tell you what you want to know, which is as simple as- is it working? Is it cost-effective? 
What needs to be modified or adapted to improve the effectiveness? 

For soil erosion rehabilitation work, and soil conservation work, especially in areas of high soil erosion risk, 
monitoring the rate of soil loss and erosion would be a useful indicator to determine whether the measures 
implemented are succeeding or efforts need to be increased. The measure of this indicator would be to calculate 
the Tons/ha/year of soil lost from a monitoring site in the rehabilitated area, per year.  

For example, to monitor revegetation of an overgrazed area. One can measure the inputs used, e.g., how many 
Planting pits were dug, how many were planted, how many are working? Of the vegetation planted, what plants 
were planted, which ones are growing and which ones not, and how fast are they growing. This then provides 
information on which species to use again for more re-vegetation work and which ones not? Also was the number 
of Planting pits too many or too little, should more or less be used, etc. 

When selecting an indicator, it is important to look at the following: 

• Validity: Does the indicator allow you to be precise in measuring the results (quantity, quality, time-bound) 
that conforms to the needs and priorities set out in the catchment management plan 

• Reliability: Do the indicators measure trends over time (for example: the volume / rate of runoff on 
rehabilitated land may vary according to the time of the year, in relation with the wet season)? To be 
reliable, the information must normally be collected at the same time period. Similarly, it must be 
repeatable (use same method) to compare results over time, especially where monitoring/sampling is 
being undertaken by different people. 

• Representation: Do the indicators provide disaggregated information (by different sites, different type of 
vegetation, etc. 

• Simplicity: Is the information available and will it be feasible to collect and analyse it? 

• Affordability: Can one afford to collect and analyse this information? 

 

MONITORING TECHNIQUES 
The following description of community-based monitoring techniques is reproduced with permission from Everson, 
TM, Everson, CS, (2014) Upper uThukela Natural Resource Management (NRM) implementation: monitoring for 
payment of ecosystem services. Unpublished report to the Department of Environmental Affairs, South Africa.  

RUNOFF PLOTS 
Runoff from eroded and rehabilitated areas can be measured using runoff plots. Square metre run-off plots are 
installed in the ground and connected via a plastic pipe to a water collection receptacle. In the pilot project a two-
litre coke bottle was used, refer Figure 10-1 and Figure 10-2. However, due to the intensity of rainfall events it has 
been necessary to replace the coke bottles with 20 litre containers. All water runoff from the plot is collected in the 
container and is transferred to a measuring cylinder where the water is quantified (measured). The depth of silt 
from the plot is also measured as an indicator of water quality.  



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 213         

Figure 10-1 Adapted runoff plots with 20litre 
collection container 

  
Figure 10-2 Runoff water from rehabilitated (left) 
and eroded (right) plots. 

SPLASH BOARD 
The detachment and transport of soil particles resulting from the impact of raindrops or rain splash is usually 
considered an important first step in the chain of processes leading to loss of soil and subsequent sediment 
transport (Mouzai & Bouhadef 2003). Once detached, sediment is easily movable by overland flow which may 
often lead to the development of rills and later gullies or dongas. An assessment of rain splash detachment is 
therefore important in recognizing areas potentially vulnerable to 
accelerated soil loss so that corrective action can be initiated. 

A splash board (Figure 10-3) is a simple method of measuring 
the extent of soil detachment.  The apparatus is constructed by 
attaching a central shaft to a rectangular board (225 x 300 mm) 
15mm on which is drawn parallel lines 15mm equidistant apart.  
Each band within the board is numbered from 1 -14.  The 
apparatus is placed within the area to be monitored such that the 
bottom edge of the board is 50 mm above the soil surface.  
Sediment that is detached from the soil during a rainfall event is 
displaced upwards some of which is trapped on the surface of 
the board.  By noting the height of staining on the board it is 
possible to determine the extent of soil loss by rain splash.  The higher the intensity of rainfall the greater will be 
the rain splash and equally the more erodible the soil the greater will be the extent of sediment detachment.  In 
this way it is possible to develop an understanding of the factors that regulate rain splash. The data collected by 
the community have shown how effective their rehabilitation efforts have been. It has also been useful in 
communicating the importance of good vegetative cover as a means of combating soil detachment to prevent soil 
erosion. 

EROSION STANDARDS 
An effective method for evaluating soil loss or gain particularly in areas behind stone walls located within gully 
systems has been the use of erosion standards.  A standard fencing dropper is hammered a fixed distance into 
the soil.  As a reference condition the distance from the top of the dropper to the soil surface is measured 
accurately.  As sediment builds up behind the stone-wall the distance of the dropper that is exposed decreases.  
Conversely if erosion is active then this distance will increase.  Thus, a temporal measure of sediment built up or 
erosion is obtained. 

DONGA PROFILES (UKUJULAKODONGA) 

Figure 10-3. Splash board  
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The previous technique was aimed specifically at 
evaluating the extent of soil displacement following 
rainfall.  Gullies, which are much larger scale 
erosion features are extensive within the region and as 
before cost-effective simple techniques for 
monitoring gully development were needed. A 
common approach to assess gully development has 
been to measure its cross profile (Figure 10-4).   

A fixed frame of reference is constructed 
perpendicularly to the long axis of the gully.  For this 
fencing standards were hammered and secured on 
either side of the gully to which was attached a stiff 
strand of wire that served as a reference.  Markings 
spaced at equidistant apart were attached to the 
wire.  Beginning from the left-hand side and always 
facing upslope the perpendicular distance from the wire 
(reference) to the gully floor is measured. These results are then plotted either electronically or on graph paper to 
derive the gully cross-profile.  The first measurement is taken as the reference state for the system.  This 
procedure is repeated at regular intervals of time.  It follows that if the gully is expanding then the distance from 
the reference to the gully floor will increase and conversely filling in will shorten the distance.  Thus, over time 
changes in gully morphology can be determined and an assessment of gully stabilisation efforts carried out by the 
community can be assessed. 

PLANT BASAL COVER QUADRATS 
Plant basal cover is determined using a square metre 
quadrat subdivided into 100 squares (Figure 10-5). The 
presence of plant cover is recorded for each square and 
expressed as a percentage. Initially squares where 
rooted cover was found were marked with the initials of 
the species found (e.g., k = kikuyu) while bare soil 
squares were marked with a 0. However, identification 
of species proved to be too difficult, especially when 
there was no flowering material due to heavy grazing. 
The technique was simplified so that any squares with 
rooted vegetation present were marked with an X. This 
minor modification enabled illiterate people to participate 
in the recording of basal cover.  

To ensure accuracy of the data, the quadrat should be placed in exactly the same position for each record so that 
changes in basal cover can be monitored over time. This can be achieved by marking the top-right and lower-left 
corners of the quadrat. In the light of the susceptibility of the materials at this site to theft, the following 
suggestions were made: 

 Use of steel droppers, hammered in to just above the soil level and painted green so as not to attract 
the attention of passers-by, 

 Use of pieces of wire attached to steel droppers hammered in to below the soil level with just the wire 
protruding, or 

 Use of railway sleeper bolts. 

Figure 10-5. Quadrat used to measure basal cover of 
vegetation 

Figure 10-4. Profiling a donga 
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It was suggested that quadrats be placed at various locations within the rehabilitated area (e.g., behind stone 
lines, in areas of patchy cover as well as on the cattle paths). It was recommended that basal cover should be 
monitored every six months to enable changes in plant establishment to be detected when growth was slow.  

CLARITY METER 
A clarity meter (Figure 10-6) measures how clean the water is 
the meter comprises a clear tube that is graduated with numbers 
from 1 to 100. A black magnetic disc can be moved inside the 
tube. The operator looks through the tube with the disc at the 
end closest to the operator’s eye. The operator then moves the 
disc along the tube until he/she can’t see it. The operator then 
takes a reading. The dirtier the water the lower the reading. This 
is a simple technique that is easy to use and gives an accurate 
measure of low to medium turbidity. The meter cannot measure 
within the range of high turbidity. 

 

RAIN GAUGE 
Rainfall should be measured with rain gauges placed throughout the 
study site, Figure 10-7. These should be erected according to the 
specifications for the specific rain gauge. For example: 

 It should be placed 1.2 m above the ground 
 It must be level 
 It must be far from obstacles. 
 The gauge should be read every day at approximately the 

same time. The gauge should be emptied after reading. 
Following experiences in this project it is recommended that some rain 
gauges be installed at community members’ homesteads to create 
interest in the records. Although it may not always be possible to fit the 
specifications above these estimates of rainfall create awareness and a 
focal point for discussions among the homesteads.  

MONITORING AND EVALUATION SHEET 
Once indicators have been identified an M&E sheet should be developed to structure the way in which information 
is collected and the results can be compared over time. The format of an M&E sheet or scorecard includes 
columns to record the objective of the work, activities, indicators, how the indicator is measured, a scoring 
column, date of sampling/monitoring column, notes/progress column, and a column for responsibility or who the 
sampler was, refer example below. This is then used as a scorecard and can be kept as a record to follow 
progress. It would be useful to arrange the activities into order of timeframes as well: i.e., short, medium and long, 
so it is easy to follow what should be done or monitored more regularly. 

Objective  Activity Indicator Measure Score/ 
Result 

Date of 
sampling/ 
Monitoring 

Notes/ 
Progress 

Who 
conducted 
sampling/ 
monitoring 

Increase 
vegetation 
cover 

Planting 
creeping 
grass 
over 
barren 

Area under 
vegetative 
cover 

Using Plant 
Basal cover 
quadrats 
 

28 = x 
 
72 = 0 

3 August 
2021 

Change, 
additional 3 
squares with 
rooted plants 

B. Tau 

Quality of Using 29cm clarity 27 July Change in Q. 

Figure 10-7. Homestead rain 
gauge 

Figure 10-6. Themba Khumalo using a 
clarity meter to assess water quality 
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site runoff of 
water 

Runoff 
plots and 
clarity 
meter 
 

tube 2021 clarity from 
20cm to 
29cm 

Simonela 

11. GOING FORWARD 
These guidelines can be used as stand-alone guidelines or in conjunction with the Ministry of Forestry, Range 
and Soil Conservation (MFRSC), (2017), Toolkit to Supplement Planning and Implementation of Publics Works 
compiled by A. Y. Ambaw for the Ministry of Forestry, Range and Soil Conservation (MFRSC), or the Ministry of 
Forestry and Land Reclamation, (2014), Sustainable Land Management Toolkit. United Nations Development 
Programme. Each of these sets of Guidelines aims to improve the health of land resources in Lesotho.  

The Kingdom of Lesotho faces increasing disasters as a result of climate change. In order to build resilience of 
communities to these disasters and protect food security for its people, improved land management practices 
must be implemented, erosion must be prevented, mitigated and reversed to reduce the loss of land area, and to 
prevent sediment filling up the dams and contaminating the water supply reducing availability of water. 

Sustainable land management is a collective effort; while it will have benefits to the individual, in order to reduce 
the land degradation in Lesotho will require all users of the land to participate and implement the various 
practices. These practices are a component of Integrated Catchment Management (ICM) and form a section of 
the catchment management plans being developed across the country. 

The sustainable management and utilisation of all natural resources, to support resilience in Lesotho, requires 
and integrated approach between all sectors, Government Departments, and communities. 
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ANNEXURE A. LEGISLATIVE FRAMEWORK 
Legal Instrument Long Description Summary 
The Constitution of the 
Kingdom of Lesotho, 1993 

The constitution is the supreme law of the 
country. It also provides an overarching 
environmental legislative framework for 
environmental management. Section 36 of 
the Constitution particularly addresses the 
need for environmental protection. “Lesotho 
shall adopt policies designed to protect and 
enhance the natural and cultural 
environment of Lesotho for the benefit of 
both present and future generations and 
shall endeavour to assure to all citizens a 
sound and safe environment adequate for 
their health and well-being” 

 

Environmental Act No. 10 
of 2008 

The Environmental Act is the principal 
underlying framework for environmental 
legislation or matters concerning the 
environment in Lesotho. It makes provision 
for protection and management of the 
environment and conservation and 
sustainable utilisation of the country’s 
natural resources. 

 

Guidelines for Environment 
Impact Assessment in 
Lesotho (2010) 

Facilitates compliance with the Lesotho’s 
EIA process requirements by providing a 
step-by-step guide of how to carry out an 
EIA process. This guideline was thus used 
as a framework for compiling this ESMF 
Report 

 

Water Act No. 15 of 2008 The Water Act provides for the ownership of 
all water resources to be vested in the 
Basotho nation and held in trust by the 
King. It also makes provision for the 
management, protection, conservation, 
development, and sustainable use of the 
Lesotho’s water resources. It further makes 
provision for different types of water use 
permits and the manner of obtaining them 

 

Land Act No. 17 of 1979 Land and water in Lesotho are governed by 
several pieces of legislation, and the Land 
Act is one of them.  The provisions of the 
Act vests ownership of all land in Lesotho 
on behalf of the Basotho nation.  It is also 
the principal legislation governing land 
ownership, occupation, and the acquisition 
of property for public and development 
purposes 

According to Section 50, water 
supply is one of the key 
developments that constitute 
circumstances under which land 
may be expropriated for public 
purposes. Furthermore, Sections 56- 
60 of the Land Act particularly 
addresses compensation of land 
and/or property 

Local Government Act 
1997 and Local 
Government Amendment 
Act 2004 

provides for the establishment of local 
authorities.  
deals with the functions of the local 
authorities which as contained in the First 
Schedule, list the relevant environmental 
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protection considerations as follows: 
Control of natural resources and 
environmental protection 
Public health pertaining to refuse collection 
and disposal. 
defines the powers of all local authorities, 
which include, inter alia: control of natural 
resources and environmental protection; public 
health (including waste collection and 
disposal); physical planning; land / site 
allocation; grazing control; water resources; 
services for improvement of agriculture; and 
forestry 

Historic Monuments, 
Relics, Fauna and Flora Act 
No. 41 of 1967 
 

This Act provides for the protection of man-
made cultural sites and artefacts, as well as 
flora and fauna.  

. Section 9 (2) of the Act states that 
“no person shall, without the written 
consent of the commission destroy 
or damage any monument or relic 
or make any alteration thereto or 
remove it from its original site or 
export it from Lesotho”. Section 10 
also states that no fauna or flora 
may be destroyed, damaged or 
removed from original site or 
habitat without a written consent 
from the commission. There are 16 
groups of fauna and 11 groups of 
flora listed as protected species of 
which some are likely to occur in 
the project area. Failure to comply 
with the any provision of Section 9 
or 10 could result in fine and/or 
imprisonment 

National Heritage 
Resources Act No. 2 of 
2012 

An Act to make provision for the preservation, 
protection and management of the heritage of 
Lesotho and for the establishment of the 
Heritage Council and for connected purposes 

Vesting in the State 
3. All archaeological sites, 
archaeological objects, 
paleontological sites, 
paleontological objects and 
meteorites wherever they are 
situated, whether on land, in any 
river, stream or watercourse shall 
vest in the State. 

Roads Act No. 24 of 1969 The Act provides for locating, constructing, 
opening, maintaining, protecting, deviating, 
working and closing of roads 

 

   
The Roads 
Directorate Act, 2010 

The Act makes provision for the 
establishment of the Roads Directorate 
as a body responsible for the planning, 

Among the function of the 
directorate, relevant to natural 
resources are stipulation of Sect 4 
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development and maintenance of roads 
as defined in the regulations and 
carrying out of quality assurance for all 

(k) and (l), – determine and 
establish best practices that 
promote- 
(i) improved industry performance, 
efficiency and effectiveness; 
(ii) improved public sector delivery 
management; 
(iii) procurement and management 
reform; 
(iv) social and economic objectives, 
including - 
(aa) development of small and large 
scale road contractors; 
(bb) labour absorption in the road 
construction industry; 
(l) undertake assessment and 
classification of road construction 
contractors and maintain a register 
of categorised contractors. 
 

Forestry Act No. 17 of 1998 The Act provides for coordination of 
sufficient and appropriate education and 
extension services and provide effective 
advice 

The Act consists of 42 sections 
which are divided into 9 Parts: 
Preliminary (I); Tree tenure (II); 
Administration (III); Forest 
management (IV); Forest reserves, 
private forests and cooperative 
forests (V); Forest utilisation (VI); 
Forest protection (VII); Offences 
and penalties (VIII); Miscellaneous 
provisions (IX 
 

RANGE RESOURCES 
MANAGEMENT BILL, 
2021 

A Bill for An Act to provide for range 
resources administration, management, 
conservation of rangeland and incidental 
matters 

Objectives of the Act 
3. Objectives of this Act are to- 
promote sustainable use of range 
land resources for the benefit of 
people in the manner that would 
preserve the ecological character of 
that area; 
promote gender equity and 
encourage participation of 
vulnerable groups in relation to 
sustainable use of rangeland 
resources; 
conserve biodiversity and maintain 
ecosystem; 
eradicate invasive plant species; 
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protect rangeland against the 
following anthropogenic activities: 
unprescribed fires; 
(ii) unsustainable grazing; 
(ii) encroachment; 
(iv) exploitation or unauthorised 
harvesting of range resources; 
(v) improper allocation of cattle-
post huts and initiation school areas 
or sites; 
(vi) stock that are deemed 
unproductive, unsuitable and 
unregistered; 
(vii) introduction of invasive 
alien plant species; and 
(viii) any other actions detrimental 
to rangeland health; 
protect, conserve and rehabilitate 
wetland and riparian areas; 
provide for the- 
assessments and monitoring of 
rangeland health; 
 
(ii) prevention of ecosystem 
degradation; and 
(iii) land rehabilitation, 
restoration and reclamation; 
recognise, guide support and protect 
rangeland user groups and grazing 
associations; 
manage fodder importation and 
promote stall feeding in consultation 
with the relevant line Ministry; 
develop mechanisms for mandatory 
compensation for utilization       of 
range resources; 
regulate access to rangeland 
resources by users; 
manage range resources user 
permits, including grazing control 
documents; 
strengthen and provide support to 
local government structures; 
develop guidelines and procedures 
to be followed when carrying out 
infrastructural works and other 
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developmental activities that are 
considered to be detrimental to 
rangeland health; and 
develop cattle post management 
guidelines. 
 

Policies and Strategies 
Long-term Water and 
Sanitation Strategy (2014) 

The Strategy is intended to provide direction 
and guide the water sector activities in the 
period from April 2014 to March 2020.  It 
also contributes to achieving the National 
Strategic Development Plan (NSDP) and 
addresses the objectives of the LWSP 
 

 

Lesotho Water and 
Sanitation Policy 
(LWSP) (2007) 

LWSP is based on the international best 
practices in the Agenda 21, the Dublin 
Principles, the Helsinki Rules, 
Johannesburg Plan of Implementation and 
the guidelines from the Global Water 
Partnership. The objectives of the policy are 
to promote 

The proper management of the 
country’s water resources and its 
sustainable utilization; 
Adequate and sustainable supply of 
potable water and sanitation 
services to all of the population of 
Lesotho; 
Co-ordination and coherence in the 
management and development of 
water and other related natural 
resources, in order to maximise the 
resultant socio-economic benefits 
without compromising the 
sustainability of vital ecosystems; 
and 
Harmonisation of processes and 
procedures followed by different 
development partners and other 
stakeholders in order to optimise 
available internal and external 
resources as well as ensure timely 
implementation of sector 
programmes.  

National Range 
Resources 
Management Policy, 
(2011) 

Purpose: To provide guidance for the 
development of effective strategies that 
combats land and vegetation degradation and 
motivate for improved legislation and 
implementation thereof.  
Goal: To attain sustainable development 
and management of rangeland resources 
for an enhanced biodiversity, optimum 
productivity and improved livelihoods of the 
people of Lesotho 

3.2 Goal  The overall goal of the policy is 
to attain sustainable development and 
management of rangeland resources for 
the enhanced biodiversity, optimum 
productivity and improved livelihoods of 
the present and future generations.  
3.3 Objectives  
The key objectives of the policy are:  
To raise public awareness and promote 
community and wider stakeholders‟ 
active participation in rangeland 
resources management;  
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To develop and implement efficient and 
effective strategies to avert land and 
vegetation degradation;  
To improve and maintain productivity of 
rangeland resources at optimum level so 
as to promote ecosystems balance;  
To rehabilitate and improve the quality 
of rangeland so as to enhance 
productivity of livestock and wildlife 
habitat;  
To conserve and increase the availability 
of native plant species for economic, 
social and cultural utilisation;  
To protect water resources and improve 
the water quality and yield;  
To enhance the aesthetic beauty of the 
landscape to increase opportunities for 
sustainable recreation and ecotourism;  
To improve income opportunities and 
quality of life of the rural communities; 
and  
To promote disaster, risk reduction, 
gender equity, as well as HIV and AIDS 
mainstreaming in range resources 
management.  
 

 

  



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 226         

ANNEXURE B. VEGETATION SPECIES LIST 
PRELIMINARY LIST OF PLANTS FOR REHABILITATION WORKS 

 

Dryland  

 

Mountains  

Tall Fescue 

Perennial Rye grass 

Poa binata 

Poa annua 

Seeding rate 45Kg/Ha 

Foothills and lowlands 

Dactylis glomerata  

Eragrostis curvula 

Eragrostis teff 

Cynadon  

Chloris virgata 

Digitaria spp 

Panicum 

Red clover 

White clover 

Paspalum 

Vetiver grass 

Seeding rate 35kg/ha on foothills and 25kg/ha on lowland area 

Wet areas 

Propagation through stolons or sods 

Riverbanks: 

Scirpus spp. 

Pragmites australis 

Typha capensis 

Carex cognata 
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Schoenoxiphium burttii 

Wetlands: 

 Scirpus ficiniodes 

Carex cognata 

Ficinia spp 

Merxmuellera 

 

The list will be updated in due course 

 

  



COMPENDIUM OF SOIL AND WATER MANAGEMENT MEASURES FOR LESOTHO  

Page 228         

ANNEXURE C. CALCULATING SLOPE 
Slope, in relation to a specified portion of land, means the vertical difference in height between the highest and 
the lowest points of that portion of land. Slope is either expressed as a percentage of the horizontal distance 
between those two points, or as a ratio. Slope can also be referred to as pitch, angle, rise, incline, or gradient. 

 

 

How to calculate Slope:  

1. Measure the elevation or change in height between the bottom of the slope and the top of the slope. This is 
called the rise. 

2. Measure the distance, on the horizontal plane, to the top of the slope, this is called the run. 
 

Rise : Run   or  Rise or (v) vertical change elevation (height)  x 100 = %    
Run or (h) horizontal distance (distance) 

 

Example: Slope of 15m vertical change over 50m of distance.  15v : 50h 

15v =(0.30x100) or 30% 
50h 

Use the Slope Conversion Table to easily check ratio to % gradient to angle° degree 
 
 
To calculate the degree of slope:   
 
Degrees = Tan-1 (Slope Percent/100)  
 
For example: With a slope gradient of 43%, then Degrees = Tan-1 (43/100)   >>or   Degrees = Tan-1 (0.43) 

Calculated out this gives an angle of 23.27° degrees. 

 

 

 

Figure 129. Reading slope angle 

Rise 
(height) 

Run 
(distance) 
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Slope Conversion Table 
Rise : Run % gradient Angle° degree Slope description 

1:200 0.5 0.286  
1:100 1.0 0.6 

Gentle slope <9% 

1:90 1.1 0.6 
1:80 1.3 0.7 
1:70 1.4 0.8 
1:60 1.7 1.0 
1:50 2.0 1.1 
1:40 2.5 1.4 
1:35 2.9 1.6 
1:30 3.3 1.9 
1:25 4.0 2.3 
1:20 5.0 2.9 
1:19 5.3 3.0 
1:18 5.6 3.2 
1:17 5.9 3.4 
1:16 6.3 3.6 
1:15 6.7 3.8 
1:14 7.1 4.1 
1:13 7.7 4.4 
1:12 8.3 4.8 
1:11 9.1 5.2 

Moderate slope 9-15% 
1:10 10.0 5.7 
1:9 11.1 6.3 
1:8 12.5 7.1 
1:7 14.3 8.1 
1:6 16.7 9.5 

Steep slope >15% 1:5 20.0 11.3 
1:4 25.0 14.0 
1:3 33.3 18.4 
1:2 50.0 26.6 Extremely steep slope 

>45% 1:1 100.0 45.0 
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ANNEXURE D. MAKING AN A-FRAME TO MEASURE SLOPE 

OVERVIEW 
The design of many interventions and measures depends on the steepness of slope of the ground where the 
measure is being implemented. The steeper the slope the more speed the runoff water gains, and therefore the 
more power or energy to erode the soil. If interventions are not designed correctly for the appropriate slope, they 
may fail, and in the process cause even more damage. Therefore, it is important to be able to calculate the 
steepness of the slope, to ensure that the correct design requirements are applied for the area where the 
intervention is being implemented. 

The A-frame or line-level is a cost-effective and simple tool that is simple to make, so communities or farmers can 
easily and readily measure their slope. For more technical and accurate slope calculation there is expensive land 
surveying equipment such as theodolites, which is used by a land surveyor. 

This Annexure explains how to build and use an A-frame and a line-level. Apart using the A-frame to mark 
contours, the A-frame and the line-level can be used to mark graded terraces or to measure the slope of a field. 

This Annexure is taken from the International Institute of Rural Reconstruction (IIRR): Sustainable Agriculture 
Extension Manual. (www.iirr.org) 

LOCATION 
 A-frames and line-levels are useful in hilly areas subject to erosion, or on gently sloping fields in which the farmer 
wishes to build ridges or dig ditches to allow water run-off to sink into the soil. 

Advantages 
• A-frames and line-levels are cheap and easy to make and use.  
• They can be made from readily available materials.  
Disadvantages  
• A-frames are not practical for marking contours over large distances. Line-levels are better for this. 
  

THE A-FRAME 

An A-frame consists of three pieces of wood, fixed together in the shape of a capital letter "A". The A-frame is 
held upright, and a weight on a string hangs down from the top of the "A" to act as a plumb-line. If the A-frame is 
on perfectly level ground, the string crosses the horizontal bar of the "A" at a certain point. This point is marked 
during calibration.  

To use the A-frame, it is "walked" across the slope, making sure that the two legs are level each time by checking 
if the string crosses the horizontal bar at the calibrated point. If not, the forward leg is moved until the string shows 
the frame is level. The position of the legs on the ground are marked with pegs, and then the frame is pivoted 
around to mark a new point on the slope.  

Equipment Requirements  
• Two straight wooden poles (1.5-2 m long), and one straight pole (1-1.5 m long).  
• String, hammer, nails, pencil.  
• A round stone.  
Making the A-frame  
1. Use the poles and nails to make a frame in the shape of an "A" (Picture 1).  

2. Tie one end of the string to the top of the "A".  

3. Tie the stone to the other end of the string, so it hangs down just below the 
horizontal crossbar of the "A".  

RE-DRAW 58 
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Calibrating the A-frame  
4. Stand the A-frame upright on reasonably level ground. Mark on the ground 
where the two legs stand.  

5. Hold the A-frame still and use the pencil to mark lightly on the crossbar where 
the string crosses it. (Picture 2).  

6. Turn the A-frame round, so that each leg stands exactly where the other had 
stood.  

7. Make a second light mark on the crossbar where the string crosses it.  

8. The two marks on the crossbar should be fairly close together. Halfway 
between them shows where the string would cross if the A-frame were standing on 
exactly level ground. Make a heavy pencil mark or notch the bar with a knife at this 
point (Picture 3).  

Marking the contour 
 9. Choose a place on the slope to begin. Stand the A-frame up and mark where the 
first leg stands with a peg or large stone.  

10. Keeping the A-frame upright, and without moving the first leg, swing the second 
leg up or down the slope until the string crosses the crossbar exactly at the heavy 
pencil mark (Picture 4).  

11. Mark where the second leg stands with another peg or stone.  

12. Keeping the second leg in the same place, lift the first leg up and pivot it 
around. Move it up and down the slope until you find the place where the string 
crosses the crossbar at the heavy pencil mark. 

13. Mark where the first leg is now standing with another peg or stone. 

14. Continue in this manner to the end of the field.  

15. The line of pegs or stones will mark a contour line: they will all be at the same 
height on the slope. The pegs are usually not in a straight line. If necessary, 
make a smooth curve by moving them a little up or down.  

16. To mark another contour line, move up or down the slope a certain 
distance—usually about 20 m (20 paces) on a gentle slope, or a drop of 1.5 m on steeper slopes. Repeat the 
process from Step 9 above onwards.  

17. You can then dig ditches, construct terraces or plant trees along the contour lines using the pegs or stones as 
a guide. 

 Using an A-frame to mark or “grade” the slope of a field  
An A-frame can also be used to “grade” a field or a drainage canal to achieve a certain slope. This can be a 
useful as it allows a farmer to ensure proper drainage of a field.  

Once you have assembled the A-frame following the directions above, you need to calibrate it. However, if the A-
frame is to be used to grade the slope, the calibration procedure is different.  

1. Decide what percentage slope you want the field or drainage canal to have. For this example, let’s say you 
want a 6% slope.  

2. Cut a small block of wood 12 cm high. The height of the block for 
other percentage slopes for other percentage slopes will be either more 
or less than this (Picture 5).  

3. Place the block on level ground against a wall so that it does not 
move. Place a straight, 2-metre-long board or pole on top of the block, 

RE-DRAW 59 

RE-DRAW 60 

RE-DRAW 61 

RE-DRAW 62 
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with the other end resting on the ground. Place a heavy stone against that end so that the board does not move. 
Do not stand on the board when marking the A-
frame.  

4. Place the A-frame on the board, and mark where 
the string passes on the crossbar of the A-frame. The 
A-frame is now calibrated; when the string aligns with 
the mark on the crossbar, this indicates a 6% slope 
(Picture 6).  

5. Use the A-frame to mark out the slope of a field or 
drainage ditch, following the same procedure as 
described above for marking a contour. Move one of 
the A-frame legs up and down the field until the string 
passes through the 6% mark on the crossbar. 

 

LINE-LEVEL  
A line-level is another tool used to mark a contour or measure the slope of a field, as well as to lay out cut-off 
drains, retention ditches, terraces and other conservation structures. A line-level is easy to use and effective and 
is more accurate than using an A-frame. However, three people are needed—as well as a spirit level, which may 
be difficult to find in the field. 

 Making a line-level  
1. Cut two straight poles, 1.5 m long. Nail a small wooden base on the bottom of each pole to prevent them from 
sinking into the soil when you are using them.  

2. Tie a string (preferably made of cotton) between the tops of the poles, so there is exactly 10 m between the 
poles when the string is taut. The loops around the poles should be a little loose so you can move the string up 
and down if you want.  

3. Tie a spirit level to the middle of the string, so that when the string is held taut and exactly level, the bubble of 
the spirit level is in the middle of its run.  

4. Starting near the top of the first pole, make notches down the pole every 5 cm. Mark the top notch with a “0 
cm”, the first notch below it with a “5 cm”, the second with a “10 cm”, and so on. Do the same on the second pole 
at the same heights as on the first one.  

Marking a contour  
1. Make sure the string is at the “0 cm” notch on both poles.  

RE-DRAW 63 
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2. Choose the place where you want to start marking the contour and mark this place with a peg. Hold one pole 
upright next to the peg. 3. Making sure the string is taut and both poles are upright, move the other pole up or 
down the slope, until the bubble of the spirit level shows the string is level (Picture 7).  

 4. Mark with a peg where the second pole is standing.  

5. Repeat the procedure across the slope to mark out the contour line.  

Measuring the percentage slope  
1. Stand one pole at the top of the slope, and the other directly downslope from it. Be sure that the string is placed 
at the two notches marked “0 cm” (near the top of the poles). 

2. Move the string on the up-slope pole down until the spirit level indicates that the string is level.  

3. Record the number of 5 cm notches below the “0” mark. Each 5 cm notch indicates a 0.5% slope. For example, 
if you have moved the string moved down 10 notches, the slope is 5% (Picture 8). 

 
REFERENCE 
International Institute of Rural Reconstruction (IIRR). Sustainable Agriculture Extension Manual. Available 
at www.iirr.org. Accessed on 23.07.2021 

 

  

RE-DRAW 64 
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ANNEXURE E. DETERMINING SOIL TYPE 
Soil texture is the proportion of particle sizes that make up the soil. Determining the texture of soil is important, 
because soil texture influences the performance of soil for water retention, water movement, and soil stability 
under compression. The soil texture pyramid, paired with a simple soil jar test, can help you to identify what type 
of soil you are dealing with on a particular site. It’s a very simple and inexpensive method. The Soil Texture 
Triangle, Figure 6,  shows the ratio of particles within the soil. Loam (40% sand, 40% silt, 20% clay) is considered 
the best soil type for growing crops. It is said to be the most arable. Any soil type that contains loam is considered 
arable. 

 Jar testing for Soil Type  
To do a soil jar test, you need a jar or clear bottle of some sort, and a measuring tape or ruler.  

1. Fill your jar halfway with your soil sample. 
2. Then fill the remaining space in the jar with water, leaving a little room for air at the top. 
3. After putting on the lid, shake the jar vigorously until all the clods of soil are broken up.  
4. Mark, on the side of the jar, the layer of sand that settles out of the water after a minute. Sand particles 

are the largest of the soil particles and settle out of the mixture the fastest. 
5. Mark the top of the layer that forms after two to four hours of sitting. This layer is the silt layer and is often 

a different colour than the sand layer. Silt particles are larger than clay particles but smaller than sand 
particles. 

6. Leave the shaken jar overnight in a place where 
it will not be disturbed.  

7. Mark the top of the clay layer that forms atop the 
other layers once the water clears, which may 
take several days. Clay particles are very fine 
and can remain suspended in the water for a 
long time. 

8. Calculate the percentage of each type of particle in the soil sample. Measure the thickness of each layer 
and the entire sample. Divide the thickness of each layer by the total thickness to determine the 
percentage of each. Use these percentages in the soil texture triangle chart. 

By measuring the relative proportions of these three textures in your soil, you can determine which type of soil 
you have. 

Soil Type Particle size 
Clay <0.002mm 
Silt 0.002 to 0.02mm  
Fine Sand 

Sand 
0.02 to 0.2mm 

Coarse Sand 0.2 to 2mm 
Gravel >2mm 

RE-DRAW 65 
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Figure 9. Illustration of soil particles settle in the jar, and 
different ratio of soil textures. 

Once you know your proportions of sand, silt, & clay, 
you can successfully use the soil texture pyramid.  

Reading a Soil Texture triangle 
1. Locate the number that represents the 

percentage of sand in the soil sample along the bottom 
of the soil texture triangle. At each number, two lines 
enter the triangle; hold a ruler, pencil or finger along the 
left line. 

2. Find the number that represents the percentage 
of silt in the soil along the right side of the texture 
triangle. Follow with a finger or a lay a ruler or pencil 
down on the diagonal line that emerges from the silt 
percentage number. 

3. Find the point where the two lines intersect. Follow the line that emerges to the left of the intersection 
point back to the left side of the triangle, where it reaches the percentage of clay, and make sure that the 
percent clay on the chart is the same as the percentage calculated from the soil sample. 

4. Read the textural class that the point of intersection falls into. For example, using the diagram below, if 
your jar is 40% silt, 30% sand, and 30% clay. You can start at the 30% sand mark at the bottom of the 
triangle, following the diagonal line up and to the left until it crosses with the horizontal line for 30% clay 
coming in from the left side of the triangle. This will also be the point where the 40% silt line crosses, 
coming in from the upper right. This point on the triangle falls within the clay loam polygon. Therefore, 
your soil is a clay loam. 

 
You can follow any two of the three component lines from the percentage listed on the side of the pyramid into the 
central polygons to determine the texture of the soil. 

 

RE-DRAW 66 
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Figure 10. Soil texture triangle 
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ANNEXURE F. SOIL CONSERVATION ACTIVITY PLANNING 
Apart from species selection and beneficial function of trees, the two main criteria for soil conservation activity 
planning and reforestation/afforestation is soil depth and slope. These two criteria inform the density of planting, 
the purpose of planting and thus the species selection. 

If a RUSLE8 study can be conducted, carry this out first. Where a RUSLE study cannot be conducted, assess the 
area where reforestation is planned, determining soil depth and slope gradient. 

Areas identified as high-risk and extremely high-risk soil erosion to be prioritised, where soil erosion Risk 
categories based on soil erosion mass (tonnes/ha/year)2: 

High (25-50) 

Very High (50 – 100) 

Extremely High (>100) 

Calculate the slope of the land. Where there are areas of different gradients 
calculate the gradient of each area, as a different planting class will be 
appropriate to different slop gradients.  Slope gradient is calculated as: % 
slope = (height (m) / distance (m)) x 100 

Slope gradients (land slope) are grouped as: 

Flat (gentle) 0-6% 

Moderate 6-16% 

Steep 16-40% 

Very Steep 40-55% 

Soil depth determines the depth of soil to bed rock on the slope. Shallow soils are less than 0.5m deep, where 
deep soils are greater than 0.5m deep. 

The Table below provides a guideline as to the type of land use and reforestation appropriate to the different 
slope gradients and soil depths. Note: Tree planting density varies for different classes: Agroforestry: 20 trees /ha; 
Reforestation in very high risk = 70 trees /ha; Reforestation in extremely high risk = 169 trees /ha 

Guideline of appropriate land use and reforestation activities: 

Land 
Slope  

Soil depth 
> 0.5m < 0.5m 

0 - 5% 
 

Class 1 
•  Agroforestry (20 tress/ha) + contour 

ploughing + alley cropping with grass 
strips + contour ridges (20m interval); 
minimal tillage 

Class VI 
• Agroforestry (20 trees/ha) + contour 

ploughing + alley cropping with grass 
strips + contour ridges (20m interval), 
minimal tillage; 

• Woodlots where soil depth is too 
limited and unsuitable for crops; 

 
8 Revised Universal Soil Loss Equation (RUSLE) 

Example of preparing sites for 
tree planting. 
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• Perennial crops, cash crops, fruit 
trees. 

5 - 12% Class II 
• Progressive terraces (reinforced by 

agroforestry hedges (20 tress/ha) and 
grass strips) + contour ridges (15m 
interval), minimal tillage; 

• Perennial crops, cash crops, fruit trees. 

Class VII-a 
• Progressive terraces (reinforced by 

agroforestry hedges (20 tress/ha) and 
grass strips) + contour ridges (15m 
interval), minimal tillage; 

• Perennial crops, cash crops, fruit 
trees; 

• Woodlots where soil depth is too 
limited and unsuitable for crops. 

12 - 40 % Class III 
•  Bench terraces (option only in case of 

suitable, stable parent material / 
geology; avoid introducing landslide 
risks); 

• Progressive terraces (reinforced by 
agroforestry hedges (20 trees/ha) and 
grass strips + contour ridges (10m 
interval), NO tillage; 

• Perennial crops, cash crops, fruit trees. 
+ water absorption pits / trenches. 

Class VII-b 
• Progressive terraces (reinforced by 

agroforestry hedges and grass strips) + 
contour ridges (10m interval), NO 
tillage; 

• Woodlots where soil depth is too limited 
and unsuitable for crops; 

• Perennial crops, cash crops, fruit trees. 
 

40–55% Class IV 
• Narrow cut terraces (option only in case 

of suitable, stable parent material / 
geology; avoid introducing landslide 
risks); 

• Progressive terraces (reinforced by 
agroforestry hedges and grass strips) + 
contour ridges 5m interval), NO tillage; 

• Re-forestation (biological measures; 
indigenous species; 70 tree/ha) 

• Perennial crops, cash crops, fruit trees. 

Class VIII-a 
• Re-forestation (biological measures; 

indigenous species; 169 trees/ha)  

> 55% 

Class V 
• Re-forestation (Biological measures; 

indigenous species; 169 trees/ha)  

Class VIII-b 
• Natural vegetation. DO NOT DISTURB 
• Re-forestation (Biological measures; 

indigenous species; 169 trees/ha) 
2Note: Calculating soil erosion mass: 
The density of soil is affected by its compactness and by how much organic material it contains. To calculate the 
volume of soil eroded by water runoff in a specific area, measure the square area multiplied by the change in 
depth. For example, if the area is 20,000 square metres (where 10,000m2 =1ha; 2 ha) and the lost soil height is 
0.01 metres, then: Volume = 20,000m2 x 0.01m = 200m3.  
Assuming the soil density is 150 kilograms per cubic metre, multiplying the volume by the density gives you the 
eroded soil mass: Mass = 200 x 150 = 30,000 kilograms (where 1,000kg = 1ton; 30tons)  
Divide the mass by the area, 30tons / 2ha = 15tones/ha/year rate of erosion. 
 

 

 
ANNEXURE G: TERRACE DESIGN CALCULATIONS 
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From: Department of Soil and Water Conservation (2012). Soil and Water Conservation Operations Manual. 
Kingdom of Lesotho 

1. Design Specifications 
Design specifications of terraces take into account capacity of the terrace system, cross section area of the 
terrace channel, permissible velocity within the channel, maximum length and gradient of the channel. 

 

2. Capacity 
Like in the case of diversions, the capacity of the terraces must be sufficient to accommodate the peak runoff rate 
of a 10- year frequency storm expected for the area. The capacity is estimated from the Rational Formula. In 
addition, soil type of the area, steepness of slope and drainage area above the terrace must be known. The 
design drainage area is either the drainage area of the first terrace (up slope drainage area) or the drainage area 
between subsequent terraces. The drainage areas of the subsequent terraces (2nd, 3rd terraces, etc.) are 
calculated from this formula: 

A = L x D,  

channel 

channel 

RE-DRAW 67 
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Where,    A = drainage area between the two terraces, 

        L = terrace length, 

        D = distance between the two terraces. 

 

3. Cross section area of the channel 
Once the capacity of the peak runoff rate to be accommodated by the terrace is known, the appropriate cross 
section of the terrace must be determined. This cross section is determined from the formula: 

q = v x a,  

Where, q = peak runoff rate (m3/sec), 

       v = permissible velocity (m/sec), 

             a = channel cross section area (m2). 

 

With the cross-section area of the terraces and the shape of the cross section known (trapezoidal, parabolic or 
triangular), depth of the terrace can be calculated. For graded terraces the gradient is calculated using Manning 
Formula for roughness coefficient of 𝜂𝜂 = 0.04, recommended for terrace designs on tillable land. 

 

4. Permissible velocity within channel 
Permissible velocity of the runoff in graded channels depends on soil characteristics – soil texture, drainage and 
permeability – and soil cover. A higher velocity may be allowed for a soil with good permeability, medium texture 
and good vegetation cover. For clayey soils with poor drainage and for bare channels, a lower permissible 
velocity is allowed. Appendix 2 gives permissible velocities based on the soil characteristics of Lesotho. This can 
also be used for other constructed channels such as diversions. 

 

5. Maximum length of a terrace 
The length of a terrace is selected on the basis of slope steepness, uniformity of slope and presence or lack of a 
natural waterway. Soil and Water Conservation Department recommends 500 m as the maximum length for a 
terrace. However, if the slope permits construction of a longer terrace, the terrace should be divided into 
segments and waterways provided between the segments. 

 

6. Gradient 
Graded terraces require gradients to safely carry runoff to a grassed waterway. Careful selection of gradients is 
required to avoid scouring of the channels and walls, when gradients are too steep; or cause siltation when the 
channel slope is very gentle. 

 

The gradient of a terrace can be constant or variable along the length the channel. A steeper gradient can be 
selected for upslope terrace section and a very gentle gradient selected for the down slope section, since 
maximum quantity of water occurs in the discharge end of the terrace. 
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Gradient of the channel is determined by the permissible velocity of water, cross section area of channel and 
channel bed roughness. 

 

7. Terrace spacing 
Terrace spacing is the vertical and horizontal intervals between two successive terraces. Vertical interval is the 
difference in elevation between two adjacent terraces, while horizontal interval is the horizontal distance between 
the two adjacent terraces. The vertical interval depends on rainfall, slope of the area and soil plus vegetation 
cover. When setting out the terraces, the vertical interval is calculated from the following formula:  

 

VI = X S + Y, 

Where, VI = vertical interval (m), 

     X = rainfall factor (0.2 to 0.24 in Lesotho), 

               S = ground slope (%), 

     Y = Soil and vegetation cover factor (0.3 to 1.2, in Lesotho). 

 

Thus for Lesotho, VI = 0.2 x S + 0.3. 

The horizontal interval is calculated from the formula: 

HI = 
𝑉𝑉𝑉𝑉
𝑆𝑆

 x 100 

Where, HI = horizontal interval (m), 

    VI = vertical interval (m) 

     S = slope (%). 

 

8. Design Example 
Given the following information: 

All terraces are equally spaced, 

length of terraces is 500 m 

Land use is cultivation of maize, 

Soil of the field is on Leribe soil: 

Rainfall intensity is 100 mm/hr (10-year frequency), 

Land slope is 10%, and 

Terrace channel is bare with trapezoidal cross section (side slope ratio of 4:1 and bottom width of 1.5 m) 

 

Calculate: 
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Terrace spacing, 

Capacity of each terrace, and 

Depth and gradient of terrace channel. 

Solution: 

Terrace spacing: 

VI = 0.2S + 0.3 (Lesotho) 

VI = 0.2 x 10 + 0.3 = 2.3 m  

HI = 
𝑉𝑉𝑉𝑉
𝑆𝑆

 x 100 = 23 m 

Capacity of each terrace: 

 Catchment area of each terrace, A = L x D 

a = 500 (terrace length) x 23 m (horizontal spacing) = 11 500 m2 

a = 1.15 ha 

q =  𝐶𝐶𝑉𝑉𝐶𝐶
360

 

C = 0.60 (coefficient for Rational Formula, Table 3.1 above, Leribe soil is medium texture) 

q = 
𝐶𝐶𝑉𝑉𝐶𝐶
360

 = 
0.60 𝑥𝑥 100 𝑥𝑥 1.15

360
 = 0.19 m3/sec  

 

 

Depth and gradient: 

Calculation for depth: 

q = a x v 

a (channel cross section area) =  𝑞𝑞
𝑣𝑣
 

v (permissible velocity) = 0.60 m/sec (for Leribe Soil, bare channel, see Table 3.3 above). 

A = 
0.19
0.60

 = 0.32 m2 

For trapezoidal section, A = b d + z d2 
        b = 1.5 m (given) 

       Therefore, a = 1.5d +4d2 = 0.32 

       Or, 4d2 + 1.5d – 0.32 = 0 

       d = 0.15 m (using quadratic formula) 
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  Q = AV = 0.32 x 0.60 = 0.19 (acceptable, meets the channel capacity). 

    Channel gradient: 

      V =  
𝑅𝑅2/3𝑆𝑆1/2

𝜂𝜂
 

      S =   �𝑉𝑉 𝑥𝑥 𝜂𝜂
𝑅𝑅2/3 �

2
 

        𝜂𝜂 = 0.025 (bare channel bed roughness. See Table 3 above) 

      V = 0.60 (permissible velocity) 

      R =  
𝑏𝑏𝑥𝑥𝑏𝑏+𝑧𝑧 𝑥𝑥 𝑏𝑏2 
𝑏𝑏+𝑧𝑧 𝑥𝑥 𝑏𝑏√1+𝑧𝑧2

 =  1.5 𝑥𝑥 0.15 + 4 𝑥𝑥 0.152

1.5+4 𝑥𝑥 0.15√1+42
 = 0.32

3.97
 = 0.08 

       S (gradient) = �0.60 𝑥𝑥 0.025
0.080.67 �

2
 =  0.0066 = 0.7% 

Final dimensions after adding 0.3m for depth, and 0.3 m for width of    channel are: 

Final depth, D = 0.3 + 0.15 = 0.45 m,  

Final width, W = 0.3 + 1.5 = 1.8 m 
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ANNEXURE H. CALCULATIONS FOR DETENTION PONDS 
 Calculating the size of the inlet and outlet pipes: 
Volume of water and the speed of the water coming in, as the length of time of detainment (an 
https://www.pipeflowcalculations.com/flowrate/calculator.xhtml is a free online tool that can assist with the 
calculations) 

Determine flow volume flow rate coming into the pond 
The volume flow rate Q of a fluid is defined to be the volume of fluid that is passing through a given cross 
sectional area per unit time. The term cross sectional area is the term used to describe the area through which 
something is flowing, e.g., the circular area inside a pipe at a given point in. 

Q = Av  is measured as cubic metres per second (m3/s) 

Where:  
           A = the cross-sectional area of a section of pipe, and 
           v  = is the speed of the water at that point.  

 

1. The cross-sectional area is calculated as:9 

A=πr2 

A = cross-sectional area measures as  
Π = Pi, =3.14 
r2 = (radius of the pipe coming in) x (radius of the pipe coming in) 
 
For example: the stormwater pipe or channel is 80mm (0.08metre) in diameter where it enters the pond. 
Therefore, the radius is ½ the diameter, r = 40mm or 0.04m. The surface area of the pipe at that point is 
A= Πr2     (π = 3.14) 
   
  A = (3.14) x (0.04)2  
 
  A = (3.14) x (0.04x0.04)  
 
  A= (3.14) x (0.0016) 
 
A = 0.00502m2 
 

2. Determine velocity (speed) of the flow rate into the pond  

v = d/t 
where: 
v  = velocity (speed) as metres per second (m/s) 
d = selected length of the pipe or channel, measured in metres 

 
9 This assumes the water is coming in through a pipe into the pond. Where the water is coming in via 
an open channel the cross-sectional area of the channel must be calculated. If this rectangular in 
shape, then area=width x height   measures as (m2) 

https://www.pipeflowcalculations.com/flowrate/calculator.xhtml
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t = time taken for the water to flow the distance of the above selected length, measured in seconds of 
time 
 
For example, a leaf is dropped at point A, and is timed how long to get to point B, which is 10metre 
downstream. It takes the leaf 2seconds to travel the 10m distance. The speed the leaf travelled is v=d/t    
or v = 10/2   v=5m/s 
 

Therefore, the flow volume flow rate of runoff coming into the pond is: 

Q = Av   
Q = 0.00502m2  x  5m/s 
Q = 0.0251m3/s 
 

A volume of 0.0251 cubic metres of water per second, is flowing into the pond. 

Determine the capacity or volume of the pond: 
The aim of a detention pond is to slow the rate of flow and the volume of water, this is achieved by temporarily 
storing the water in the pond for a period of time, approximately 24 hours. 

The next step is to determine the capacity (m3) or volume of storage needed in the pond, in order to hold the 
water for a 24-hour period, if it is flowing into the pond at a rate of 0.0251m3/s. 

V=Qt    (note: V = volume,   while v = velocity) 

For example, Volume of the water that needs to be stored in a 24hour period, if it is flowing in at a velocity of 
0.0215m3/s, is: 

V=Qt  

V = 0.0251m3/s  X  24 hours   (24 hours = 86400 seconds)10 

V = 0.0251 X 86400 

V=2168.64m3  

A volume of 2168.64 m3 of water would need storage a 24 hour period 

Assuming the pond is rectangular in shape, width, depth and height. We know the depth should be about 3m 

2168.64 = 3m x X x Y 

2168.64/3 = XY 

722.88 = 2√XY   (square root of XY) 

26.886m 

The volume of water requires an area of approximately 26.886 m wide by 26.886m long, by 3m depth. 

 
10 (60seconds x 60minutes x 24 hours) = 86400 seconds 
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We need to include a 50cm freeboard buffer into the pond volume which is applicable across the total surface of 
the pond.  

Therefore, we need to design for a total volume of: 26.886 x 26.886 x (3 +0.5) =2530m3 

However, the detention pond needs to drain to 50% volume in 12 hours of time. 

At full, the volume of water within the pond is V=2168.64m3  

50% of this volume = 2168.64 / 2 

 = 1084.32m3 

The outlet point should be roughly 75% the size of the inlet structure. 
 
REFERENCES 
a. https://www.khanacademy.org/science/physics/fluids/fluid-dynamics/a/what-is-volume-flow-

rate#:~:text=A%20A%20A%20is%20the,A%20is%20easy%20to%20determine. 
b. https://www.pipeflowcalculations.com/flowrate/calculator.xhtml 
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