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INFO-TECHS ON TECHNOLOGIES FOR WATERSHED AND 
NATURAL RESOURCE DEVELOPMENT FOR PASTORAL AREAS 

 

A. Introduction 
The Info-techs (information on techniques and technologies) or information kits are IEC (Information, Extension 

and Communication) materials are prepared to assist Development Agents and various experts at wereda level 

as well as other field staffs at different levels for implementation of technologies, to conduct supervisions, 

monitor and evaluation of performances.   

The Info-techs for mixed-farming areas (Highlands) are presented in 13 main categories of technology groups 

based on technical similarities, purposes, implementation modalities and technical expertise requirement.  

The main purpose of the Info-techs part of the guideline is to guide field staff to follow correct and quality 

oriented technical standards pertaining to local conditions of soils, slopes, vegetation, and rainfall patterns. Info-

techs attempt to summarize several aspects related to the interventions, providing information on key design 

features of the measures. To describe info-tech technology groups and each technology in a consistence way a 

standard technology description features and procedures are used as much as possible. 

The info-tech technology groups are described with a two pager preamble page to give a general overview on 

the grouped technologies. Similarly, most of the technology are described with ten description features 

formatted in table form.  

The formats used are not in a definitive form and can be adapted and further modified and improved by regions 

and weredas as necessary, provided that national norms are maintained and followed. Some of the work norms 

needs revision and the MoA will conduct work norm revision studies for selected technologies in the near future.  

The info-techs are based upon the previous watershed guideline and experiences gained from different parts of 

the country and considered new and modified technologies practically undertaken by various stake holders. The 

info-techs are developed following a gap assessment and tried to be as brief and descriptive as possible. In this 

regard they should not be seen as comprehensive and sufficient for all situations. They are simple guidance notes 

on major activities based on national work norms developed earlier and recommended from experiences. 

Accordingly, additional technical references and materials (and expertise) should be consulted whenever 

necessary. Furthermore, additional info-techs could be developed by regions on single measures or combined 

set of measures proven successful and adapted to specific conditions.  

The Info-techs can be used within the context of ongoing projects and programmes on natural resources and 

watershed development supported by the government and various local and international organizations (PSNP, 

RLLP, NGOs, GIZ, etc.), the national voluntary participatory community labor efforts and the CALM PforR project 

watersheds. At wereda level the info-techs can be used during field work and training as quick references. They 

need to be explained to DAs by professional specific technical experts (NRM, water resources, irrigation, 

livelihood, etc.) and/or used during on-the-job or in-service training.   
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B. Main features of the Info-techs 
Group of technologies: The info-techs are grouped as physical SWC technologies; in-situ physical moisture 

harvesting – water storages measures; drainage management structures; gully rehabilitation technologies; 

biological SWC technologies; area closure, rehabilitation of degraded lands and management practices; 

agroforestry practices; wind erosion control measures; structural water harvesting technologies; SSI 

technologies - irrigation water application and management; water lifting devices; homestead development and 

livelihoods; and feeder road constructions. 

Size: Summarized in either two or three pages in a single sheet. Some new technologies are presented in three 

pages and very few in four pages.  

Information: The info-techs contain both written and visual information in the form of drawings and pictures. 

Each technology has a general description of the technology; geographical extent of use or suitability; technical 

design requirements and procedures; layout and construction procedures; period of implementation across 

season; planning and mobilization requirements; implementation procedures and approaches; cost elements 

and work-norms; management and maintenance requirements; acceptability and sustainability, and 

challenges/limitations as a description feature.   

Ready to use (user friendly): As much as possible, a clear explanation on basic design features is provided. In 

several info-techs, ready-made tables with specifications are also provided together with several drawings. Most 

info-techs can also be explained to farmers using by enlarging and using the drawings.  

Linkages and Flexibility: Most Info-techs also suggest various integration requirements and modifications to 

standard design necessary to accommodate various local conditions. In this regard, flexibility in design is 

essential to provide sufficient adaptability to local conditions within the quality standards proposed 

Adaptability: The info-techs can be further refined and expanded (or contracted) to accommodate region and 

wereda specific realities. Therefore, they should be seen as guidance for further improvements. 

Measures specific: This set of info-techs focusses mainly on single activities although specific references on 

integration with other measures is often made. In this regard, they should be seen as basic info-techs on the 

main interventions. However, other info-techs related to a variety of combination of measures or set of 

measures can also be developed to reflect specific technological approaches for different areas. Some of these 

info-techs are currently under preparation. 
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Physical Soil and Water Conservation Technologies 
Overview 

The main factor attempting against the sustainability of agricultural production is soil and land 

degradation. Also, of growing importance are the offsite effects of land degradation on increased risks 

of catastrophic flooding, sedimentations, landslides, etc, and on global climate changes. Although land 

degradation is affected by soil and climate characteristics, it is mainly due to inappropriate use and 

management of the natural resources soil and water, generally imposed by social and economic 

pressures. Among the different land degradation processes, soil water erosion is the major threat to the 

conservation of soil and water resources. The processes of soil erosion, caused by the interactions of soil, 

rainfall, slope, vegetation and management, generally result on, or there are caused by unfavourable 

changes in the soil water balance and in the soil moisture regime. In surface erosion, the soil particles 

detached by rainfall or running water, are transported by surface flowing water (surface runoff). Mass 

movements are the gravitational movements of soil material without the aid of running water. The 

hydrological processes leading to surface or landslide erosion are different, and therefore, soil 

conservation practices are very appropriate for controlling surface erosion processes may increase 

erosion danger by mass movements under specific combinations of climate, soil and slope. 

 

Soil conservation can be defined as the proper utilization of the soil resource so as to make possible a 

high level and sustained production. Soil conservation is to obtain the maximum sustained level of 

production by maintaining soil loss below a threshold level i.e., the natural rate of soil formation. 

Different practices have been developed to accomplish soil conservation work, though not all of them 

are applicable in all contexts. The main functions of physical soil and water conservation measures 

described in this section are: 

a) To modify landscape (slope) – slope correction and ultimately achieve benching 

b) To safely evacuate excess water/runoff  

c) To reduce runoff impact and increase infiltration and conserve moisture 

d) To ease cultivation operation as it is easy to cultivate level than steeper slopes 

e) To reduce runoff volume and velocity by increasing surface roughness and act as barriers to 

soil transport by erosion agents, i.e. runoff water  

  

The soil and water conservation technologies should be appropriately planned to align with overall 

development and conservation goals and strategies and achieve objectives of multi-functionality on 

climate adaptation, livelihood and environmental protection. In turn, the technologies should fulfil 

environmental and economic efficiency. Moreover, the soil and water conservation technologies need to 

be guided by the community watershed development plan and land use plan. 

  

Physical or mechanical conservation measures: are those practices, which call for the construction of 

some kinds of earthwork. Physical soil and water conservation measures are also known as structural or 

engineering measures. They are usually needed to reduce velocity of runoff and retain to assist 

infiltration of soil and/or dispose-off surplus storm water (runoff) safely. Physical conservation measures 
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are applied as secondary measures when the erosion problem is not mitigated by land use and vegetation 

cover management measures. In other words, physical measures are applied when biological and 

vegetative measures are not sufficient enough to control erosion. Physical or mechanical protection 

works are expensive, time consuming and dangerous at times of failure. Thus, they should be considered 

only where other conservation practices couldn't provide adequate control. 

 

In order to enhance the required functions, the type of soil and water conservation technologies should 

be carefully identified and selected and properly match with the specific local conditions /niche i.e., soil 

drainage, soil erodibility, slope gradient and shapes, rainfall characteristics, and the prevailing farming 

system. Moreover, the specific functions can be met by a combination and integration of the different 

technologies. Thus, selection and integration of SWC technologies should be supported with detailed 

spatial information such as topographic, soil and climatic information as well as connectivity of upstream 

and downstream uses. 

 

For designing and layout of physical SWC measures to determine dimension of structures (i.e. width, 

depth, freeboard, cross-sectional area); channel gradient, channel lining, shape, length; and spacing 

(vertical interval and horizontal interval), the following parameters are important: 

• Peak discharge in cubic meter per second 

• Maximum permissible flow velocity in meter per second 

• Erodibility of the soil  

• Soil drainage conditions, and  

• Land use efficiency of the measures or land lost by physical soil conservation measures to be 

compensated by improving productivity on bunds. 

The physical soil and water conservation measures presented as toolkits are: 

 

 

   

 

 

 

 

 

 

 

 

1. Level Soil Bund 

2. Stone Faced Soil Bund 

3. Stone Bund 

4. Hillside Terracing 
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Name of the technology LEVEL SOIL BUNDS 

General Description  
Level soil bunds/channel terraces are impermeable structures constructed along the 

contour and across the slope to reduce velocity of runoff and retain eroded soil and 

moisture. Consequently, reduces soil erosion and the steady decline of crop yields or 

rangeland productivity. Unless provided with spillways, intended to retain all rainfall, 

and hence, increases the moisture retention capacity of the soil profile.  

 

 

 
Fig. 1: Level SB in Somali 

Kebribeyah (above) and in SNNPR 

Bench Majji (below) 

Geographical Extent of Use 
The most limiting conditions are rainfall and soil drainage. Suitable mostly in semi-

arid and arid areas but also in medium rainfall areas with well drained soils. Commonly 

practiced in dry and moist and mid altitude/highland areas where moisture conservation 

is found important. Applied generally on cultivated lands with slopes above 3% and 

below 15% gradient (See Table below). Can be applied on grazing lands with gentle 

slopes at wider intervals (up to 5%). Can be applied also within sloping homestead 

areas combined with cash crops. Several areas also show introduced bunds adapted or 

adopted from past conservation activities. Local experience is very relevant to assess 

performance of past activities and suggest modifications as required. Improved designs 

can be integrated with local ones to add strength to bunds (grass, stones, etc.). 

Technical Design Requirements 
- Height:  60-70cm up to 100 cm (lower side); 

- Total Base width:  (height/2) + (0.3-0.5 m); 

- Top width: 30-40 cm; 

- Foundation: 0.3 m width x 0.3 m depth; 

- Grade of soil bank (seal) on upper side: 1 horiz. : 1.5-2 vert.; 

- Bunds need to be spaced staggered for animals to cross; 

- Max bund length 60-80 meters. 

- Channel can be tied every 5 - 10m to maximize infiltration 

Schematic view and standard cross section of the channel and bund / embankment for conventional soil bund on stable 

soil. 

T=Top width of trench (80 cm) t = Bottom width (50 cm) 

d=Furrow depth/trench 50 cm E = Embankment gradient 1 

(horiz.) : 2 (vert.) 

B=Bund width at base (90 cm) m = Berm (10 cm) 

W=Overall width (180 cm) b = Top width (30 cm) 

Height after compaction 50cm Height before compaction (60 cm) 

Layout and Construction Procedures Caution: soil bunds > 15% to max 20% only if 

space reduced and with trench, short bunds - above 

15% better apply stone faced or stone bunds) using 

intervals of Table 1. Layout along the contours 

using line level; discuss spacing with farmers and 

in case of lateral slopes try to maintain lines as 

straight as possible by applying reinforcements on 

depression points (to avoid curving or cutting the 

plough line).  

Vertical intervals: follow a flexible and quality-oriented approach: 

- Slope 3-8% VI = 1-1.5 m; Slope 8-15% VI = 1-2 m 

- Slope 15-20% VI = 1.5-2.5 m (only exceptional cases - 

reinforced); Depending on the relative soil erodibility, modify 

VI. Narrow spacing between bunds is recommended for silt 

and loam and wider for clay and pure sand soil textures. For 

layout of SWC measures see Annex 2. 
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Discuss/agree with farmers on design and layout and support 

with on job training, Regular maintenance specifications and 

mechanisms of maintenance need to be agreed with farmers 

Table 1. Layout and Vertical Interval (VI) specifications 

Ground slope 

% 

Height of 

bund (m) 

Vertical 

Interval (M) 

Horizontal 

Interval (m) 

5 0.5 1 20 

10 0.5 1.5 15 

15 0.75 2.2 12 

20 0.75 2.4 10 

25 1 2.5 8 

30 1 2.6 8 

35 1 2.8 6 

Period of Implementation  
Flexible; preferably when the soil is friable and during 

the period not interfering with activities of agriculture 

and/or normal/customary mobility. However, short 

showers ease the digging and compaction of the soil as it 

gets moist than dry.  

Planning and Mobilization Requirements 
It should be considered as an integral part of the treatment 

of the community watershed and not in isolation. 

Assessment of land use, soil, topography and drainage is 

required to identify and understand integration of SWC 

measures along the topo-sequence. 

Cost Elements and Work Norm 
Layout: One water line level, two range poles graduated in cm and 10 meters of string (three people layout appr. 2-3 

ha/day). Work materials: shovel, pick axes and wooden compactors (the proportion of shovels and pick axes depend on 

type of soil). The average work-norm for constructing level stone bund in pastoral areas is 210 PDs/km. 

Management and Maintenance 
Upgrading soil bund using Fanya Juu (FJ) principle: Problem with FJ bud is that they are easily overtopped by water 

and break. So, in higher slopes with traverse/lateral gradients it is better to implement soil bunds and stone bunds/stone 

faced bunds than Fanya Juu. After the 1st or 2nd or 3rd year upgrade the terrace by using the FJ principle (you can further 

refer to FJ construction in the mixed farming technology options). For rapid benching + apply compost to improve 

infiltration near embankment/raiser. This form of upgrading can be applied at very large scale on existing conserved areas.  

Integrate vegetative bund stabilization: using grasses (indigenous and improved) and legume shrubs (Pigeon peas, 

Sesbania, Acacia saligna, etc.) in dense rows by direct sowing (15-30 cm) on upper side of bund and berm. Pigeon peas 

also planted annually. Lower part of the wall can also be stabilized by planting drought resistant plants such as Sisal, Aloes 

and Euphorbia in dense rows.  

Agronomic practices: in areas where there is some farming activities in the pastoral contour plowing and compost (start 

first year applying 2-3 m strips above the bunds - where soil is deeper and with high moisture).  

Grow cash crops along bunds (especially after 1-2 years of composting) in single or wider strips as required. Plant 

specific crops along bunds to use residual moisture (sunflowers, gourd, tomatoes, cucumbers, etc.).  

Control grazing - avoid animals graze between bunds for at least 1 year and place bunds in staggered position, do not end 

a bund in a depression. 

Benefits and Acceptability 
The advantages of channel soil bunds are that during first year the bunds can accommodate more both sediments and water 

than FJ– thus less prone to breakages. During 2nd and following years the deposited soil and retained moisture enhances 

productivity. The embankment (nearly 8-10% of area) can serve to grow fodder and generate cash from fodder seeds and 

fruits.  

Limitation 
On erodible soils, the channels shortly silted up and require regular maintenance. Easily damaged by livestock if it is not 

accompanied with zero grazing practice and vegetative measures. Bunds can create temporary water logging if not 

integrated with fertility management. Land lost by the structures, at early years, is a limitation. 
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Name of the technology STONE FACED SOIL BUNDS 

General Description 
Stone faced soil bunds are applicable where there is need to 

reinforce one or both sides of the embankment with a stone wall or 

riser. In some instances, the reinforcement may take place only 

along the depression points to compensate for layout problems and 

to protect the entire length of the bund. Strengthening of soil bunds 

with stones throughout their entire length is recommended 

wherever we want to increase the spacing between structures and 

stones are availazble. Stone faced soil bunds can be constructed in 

all types of soils, except sandy soils. Stones should be available 

from the field itself or from adjacent areas. Spacing may be slightly 

wider than for soil bunds, particularly up to 10% on the spacing of 

soil bund. The dimensions of the stone-faced soil bunds are 

identical to the stone bund. The difference is on the stone walls 

placed on one or both sides of the soil bund (See Fig. 1). Fig. 1 Stone faced soil bund 

Therefore, the bund is larger and stronger. In terms of layout bunds should be level and wing up laterally in order to evacuate 

excess water. As mentioned for the layout of soil bunds, farmers may want to cross small depression points straight instead 

of curving up and down hill continuously. In this case the entire bund should be reinforced on both sides, including a stone 

key. 

Geographical Extent of Use 
Slope range: The slope range may increase up to 35-40% slope compared to soil bunds alone. However, on such extreme 

slope range, the spacing between bunds should be guided by standard technical recommendations (relationships between 

slope, vertical interval and soil depth). Besides, above 30% slope the stone riser of the downstream embankment should have 

a deep foundation (30cm). Suitable mostly in semi-arid and arid areas but also in medium rainfall areas with deep and well 

drained soils where there are moderately drained soils to avoid water logging and overtopping. Commonly practiced in dry 

and moist agro-climatic zones/areas under traditional systems. Stone faced soil bund is relatively stable and require less land 

compared to soil bunds.  

Technical Design Requirements 
Height: 60 to 100cm (lower side). Total base width: (height/2) + (0.3-0.5 m). Top width: 30-40cm. Foundation: 0.3m width 

x 0.3m depth.  Grade of stone face downside: 1 horizontal: 3 vertical. Grade of stone face upper side: 1 horizontal: 4 vertical. 

Grade of soil bank (seal) on upper side: 1 horiz. : 1.5-2 vert. Bunds need to be spaced staggered for animals to cross. Max 

bund length 60-80 meters. See Figures below and on next page. The design of these bunds are explained in the Figures 

below. 

Types of stone reinforced soil bunds: 

a) Single faced protection wall+/- 

collection trench: Stones are placed on 

the downstream side, well inclined to 

offer maximum resistance (1:2 – 1:3 

vert.). A collection trench is dug on the 

upper stream side of the bund (see 

Figures a) and b) Right - show stone 

faced soil bunds (single faced). They are 

provided with spillways if necessary 

(spacing, type of soils and type of crops). 

Stone keys are also applied in depression 

points if any. Fig.2 Cross section of single faced stone reinforced bunds (entire length) 

b) Double faced stone/soil bunds +/- collection trench: Both sides are reinforced with stones. This type of bund is rather 

resistant against excess runoff. Stone keys along depression points within the earthen part of bund should also be applied as 

required (Figure below).  

Cross section of single faced reinforced  bunds 

(entire length)
With stone key

On depression points
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Fig. 3 Double faced stone /soil 

bunds with a collection trench in 

uniform terrains (<8% slope) 

c) Double faced stone/soil bunds without collection trench: Are 

suitable for gentle and uniform slopes (<8%). The soil 

embankment is obtained by scratching a wider and shallow layer 

of top soil. Small ties can be placed at intervals along the upper 

side of the bund). Double faced stone/soil bund without collection 

trench 

d) “Corner” or lateral stone/soil bunds: This type of corner or 

lateral bunds differs from those for soil bunds because they are 

stone faced on both sides and through their entire length (See Fig. 

4 right). In some instances, if the bend is on one side only these 

bunds are also called “Walking Stick bunds”. They are used for 
moisture retention and are suitable for lateral field boundaries 

with gentle slopes (<5%) where we want to extend their bunds 

w/o following a precise contour line. 

    

Fig.4 Double face (top) and laterally bending bund (low) 

The bunds should then be raised at those corners and strongly reinforced on both sides with stones. The tips of the bunds 

winging upwards, whilst remaining level, are of decreasing height towards the slope. They may also evacuate excess water 

through their tips. 

Layout and Construction Procedures 
Some suggested standards are as follows: 

Grade of lower stone face: 1 horiz. to 3 vertical; Grade of upper stone 

face: based on soil embankment grade; Grade of soil: 1 horiz. to 1.5 

vertical on stable soils and 1 horiz. to 2 vertical on unstable soil; Lower 

stone face riser foundation: 0.3 depth x 0.2 – 0.3 width; Upper stone 

face riser foundation: 0.2 x 0.2 m; Stone size: 20 cm x 20 cm stones 

(small and round shape stones not suitable); Top width: 0.4 - 0.5 m; 

Height: min 0.7 and max 1 m (lower stone face); and Ties: required 

every 3-6 m 

Stone faced bunds can be constructed by digging 

a foundation for stone blanket. Large stones are 

then placed in the ditch with the right inclination. 

Soil then dug from a trench on the upper side and, 

together with smaller stones is recommended. The 

rest technical specifications are identical to soil 

bund. Provision of spillways can be placed at the 

end, in the middle or in whatever convenient 

position with its apron at the outlet. 

Period of Implementation Across Season 
Flexible; preferably when the soil is crumply and during the period not interfering with activities of agriculture and/or 

normal/customary mobility. 

Planning and Mobilization Requirements 
Planning follows community/groups and individual owners’ agreement on layout, spacing and management requirements. 

Groups of 5-20 households work together to increase efficiency (layout, excavation, stone collection, placement, stability).  

Cost Elements and Work Norm 
350 PD/km (includes from stone collection up to construction).  

Management and Maintenance 
As for integration and input requirement it is same as for soil bunds except demanding more labour. For management and 

maintenance, well-constructed bunds require little maintenance, up grading bund height and controlled grazing. Apply cut 

and carry for grass/legumes growing on bunds (not uprooted), composting and check on stability of stone raiser, apply repairs 

as damage may occur. Pastoralists need to get enough training and supervision particularly in shaping and positioning of 

bunds. Regular maintenance specifications and mechanisms of maintenance need to be agreed with Farmers. Tools that help 

to simplify labor requirement. 

Benefits and Acceptability  
Less space compared to soil and FJ bunds. The removal of stones from cultivated fields aids more space for plant growth 

(i.e. de-stoning). The presence of many traditional/indigenous knowledge increases its acceptability. 

Limitation 
It requires large labor for construction. If stone wall not well constructed require continuous maintenance.  

Double stone faced bunds 

with or without stone key 

This type of reinforcement which 



 

10 

Name of the technology STONE BUNDS 

General Description 
Stone bunds are bunds made of locally available stones or boulders. 

They are semi-permeable structures unless sealed with soil in their 

upper side. Stone bunds increase the moisture retention capacity of 

the soil profile and water availability to plants and increase the 

efficiency of fertilizer applications. The stone bund reduces the 

velocity of runoff and consequently reduces soil erosion and the 

steady decline in fertility and crop and forage yields. Compared to 

soil bunds and FJs stone bunds occupy less land, more durable and 

stable (See photo in the right) since bunds with stones can be kept 

more vertical. The need for channel is less required since the stone is 

impervious and excess water can make its way through. However, for 

dry areas need to excavate ditch above the bund with adequate berm. 

Stone bunds are entry points for application of forage residues or 

compost, especially in the first 2-3 meters behind the bund where soil 

is deeper. 

 

 
Fig. 1. Typical stone bund Afar (above) & Somali 

(below) 

Geographical Extent of Use 
Stone bunds are more suitable where there is stone and rock outcrop. Stone bunds can be constructed on farmlands and 

grazing lands. On farmlands for most of the cases stone bunds are laid out and constructed level. If draining of excess 

water is needed, then stone-faced-soil-bunds are essential. The removal of dense stone mulch from cultivated fields aids 

more space for plant growth (i.e. de-stoning). Suitable mostly in semi-arid and arid areas but also in medium rainfall areas 

with deep and well drained soils. To increase stability of stone bunds on steeper slopes, it requires reinforcement with 

vegetative measures. Local experience is very relevant to assess performance of past activities and suggest modifications 

as required. Improved designs can be integrated with local knowledge to add strength to bunds. 

Technical Design Requirements 
Height: 60 to 100 cm (lower side). Total base width: (height/2) + (0.3-0.5 m). Top width: 30-40cm. Foundation: 0.3m 

width x 0.3m depth.  Grade of stone face downside: 1 horizontal: 3 vertical. Grade of stone face upper side: 1 horizontal: 

4 vertical. Grade of soil bank (seal) on upper side: 1 horizontal: 1.5-2 vertical. Bunds need to be spaced staggered for 

animals to cross. Max bund length 60-80 meters. See Figures 2 & 3 below. 

 

 

 

 

 

 

 

 
Fig. 2. Different sections of a stone bund on cultivated fields 

Layout and Construction Procedures 
- Work out the gradient of the slope using line level; 

- Decide the spacing of the stone bunds based on the slope; 

- Excavate the foundation, place and build stone walls (larger 

stone for foundation); 

- Continue to build the wall with stones until you reach the 

desired height; 

- Fill voids between walls with smaller stones; 

- As much as possible avoid round stones; 

- Sealing of the upper side with soil as required; 

- Reinforcement of depression points; 

- Move down to the next bund and repeat the steps; 

- Repeat the same in the next bund;  

- Stabilization and application of compost; 

- Plant the bunds with grasses, fodder legumes and 

tree to stabilize and make it productive; 

- See Figures 2 & 3. 
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Layout and Vertical Interval (VI) specifications 

Ground slope 

% 

Height of 

bund (m) 

Vertical 

Interval (M) 

Horizontal 

Interval (m) 

5 0.5 1 20 

10 0.5 1.5 15 

15 0.75 2.2 12 

20 0.75 2.4 10 

25 1 2.5 8 

30 1 2.6 8 

35 1 2.8 6 

40 1 2.8 5 

50 1.15 2.8 4 

Fig. 3 Stone bund with gradual build-up of sediments and   

benching 

Period of Implementation Across Season 
Flexible, preferably when the soil is crumply and during the 

period not interfering with activities of agriculture and/or 

normal/customary mobility. 

Planning and Mobilization Requirements 
Planning follows community/groups and individual owners’ discussions/agreement on layout, spacing and management 
requirements. Groups of 5-20 households work together to increase efficiency (layout, excavation, stone collection, 

placement, stability). Assessment of land use, soil, topography and drainage is required to identify and understand 

integration of SWC measures along the topo-sequence. Discuss/agree with pastoralists on adaptive design and layout and 

support with on job training, regular maintenance specifications and mechanisms of maintenance need to be agreed with 

community.   

Cost Elements and Work Norm 
Laying out along the precise contours (level) using line level, collection of stones, excavation of foundation, placement 

and building of stone walls (larger stones for foundation and on the lower side), filling of voids between walls with smaller 

stones, filling of voids between walls with smaller stones and sealing of upper side with soil as required, small stone ties 

every 5m (optional), reinforcement in depression points. Work norm is 350 PDs/Km. 

Management and Maintenance 
All the management integration requirements mentioned under soil bunds are needed here. Stone bunds can be reinforced 

and stabilized further by planting drought resistant plants such as Sisal, Aloes and Euphorbia tirucalli placed on the lower 

side and/or upper side of the stone bund. Agronomic practices: contour plowing and compost (start first year applying 2-

3 m strips above the bunds - where soil is deeper, and moisture is higher). Grow cash crops along bunds (especially after 

1-2 years of composting) in single or wider strips as required. Plant specific crops and forage along bunds to use residual 

moisture (sunflowers, gourd, tomatoes, cucumbers, etc.). Control grazing - avoid animals to graze between bunds for at 

least 1 year and place bunds in staggered position and do not end a bund in a depression point.  

Benefits and Acceptability 
Less land required for stone bund compared to soil and FJ bunds. The removal of dense stone mulch from cultivated fields 

aids more space for plant growth (i.e. de-stoning). Suitable mostly in semi-arid and arid areas but also in medium rainfall 

areas with deep and well drained soils. Commonly practiced in dry and moist agro-climatic zones/areas.  

Limitation 
Stone bunds can harbor and create favorable environment of some rodents, snakes and other dangerous species.  
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Name of the technology HILLSIDE TERRACE 

General Description 
A hillside terrace is a physical structure implemented on 

hills to conserve soil moisture. It is a structure along the 

contour where a strip of land, about 1 meter wide, is levelled 

for tree planting. Hillside terraces are recommended for low 

rainfall areas, because they help to retain runoff and 

sediment on steep slope land. When it is applied in moist 

areas, a slight inclination or slope to one side to safely drain 

excess runoff and a proper waterway should also be 

established at the end. It is commonly applied on degraded 

and grazing hillsides to be rehabilitated or for closure 

management. Generally, hillside terrace is very costly. 

Hence, it should be used only if there is a strong justification 

for its construction. Can be integrated with trenches. 

 

Fig. 1 Hillside terracing illustrations  

Geographical Extent of Use 
Applicable in low rainfall areas and steep hillsides - 

community closures with steep slopes (max 50%).  

Technical Design Requirements 
- Stone riser height: 0.75-1 m from ground level; 

- Width of terrace = 1.5 m-2 m;  

 

 

 

 

 

 

 

 

 

 

 

 

 

- Foundation = 0.3 m depth x 0.3 m width;  

- Grade of stone riser = 1:3 (horizontal : 

vertical); 

- In lower rainfall areas hillside terrace needs to 

have 5-10% gradient back slope; 

- Integration with micro basins or trenches in a 

regular interval is recommended; 

- Stone riser foundation: 0.3-0.4 m depth x 0.3 m 

width;  

- Top width: 0.5 m (0.25 m stone riser and 0.25 

m soil); 

- Grade of soil bank: 1 horiz: 1.5 (unstable soils) 

to 2 vertical (stable soil); 

- Base width: based upon slope; 

- Size/place of trench: 50W x 50cm D x terrace 

length - placed 0,75-1m above stone wall 

Fig.3 Cut sections of a hillside terrace 

- Size/place of ties: within trenches ties are placed 

at 2-3m intervals based upon plantation 

requirements and half way the depth of the trench 

(0.25 m) with 0.6m horiz. length x 0.5 cm width 

for planting seedlings;  

- A 30x30x30 cm plantation pit is placed in the 

middle of the tie or in front of the trench (between 

berm and embankment) with lateral spacing 

depending on tree and shrubs planted (1-3 

metres);  

- Max length of HTTs: 50-80m. HTTs should wing 

up laterally, before depression points. 

Fig.2 Ideal cross-section of a hillside terrace 
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Fig. 4. Some modifications to standard designs - see where bigger trenches and small pits for bushes/shrubs are incorporated 

Layout and Construction Procedure 
Includes: a) Cut and fill of the terrace area; b) Collection of stones from working site; c) Shaping of side of some 

stones with sledgehammer for better stability and merging; d) Excavation of foundation; placement and building 

of stone riser; e) Trench excavation above stone riser; f) Placing of excavated soil on hillside embankment; g) 

Pitting on ties within trenches; and h) Leveling top of the terrace embankment. 

Period of Implementation Across Season 
Mostly during the dry season or after short rainy season for hard soils. Preferably when the soil is crumply and 

during the period not interfering with activities of agriculture and/or normal/customary mobility. 

Planning and Mobilization Requirements 
Agreements for use rights and management of treated areas (areas shared amongst individuals, groups or managed 

by community or mixed). See opportunities for land use certificates over closures. Arrange working groups for 

regular maintenance. 

Cost Elements and Work Norm 
For layout, one water line level, two range poles graduated in cm and 10 meters of string (a team of 3 people layout 

approx. 1ha/day), measuring tape. Tools: crow bars, sledge hammers, shovels, and pick axes. Ratio of shovels and 

pick axes depend on type of soil) shovels and pick axes with handles, wheelbarrow, crow bars, sledgehammer, etc.  

Work norm 350 PD/km and 462 PD/km with trenches. 

Management and Maintenance 
i) Controlled grazing and closure necessary ii) In dry areas and shallow soils need to be combined with other in-

situ moisture conservation measures (micro basins semi-circular bunds, etc.); iii) Series of trenches (2-3 lines) can 

be constructed in between HTs (starting 2-3 meters above the terrace; iv) Apply soil and tree management practices; 

.; v) Fodder, legume and cash crops can be planted with appropriate agronomic standards at the top of the stone 

raiser or at its toe; vi) + legume shrubs (pigeon peas, Sesebania, acacia Saligna,  etc.) in rows by direct sowing (15-

30 cm); vii) Hillside terraces, like stone bunds, can be stabilized by drought resistant plants such as Sisal, Aloes 

and Euphorbia tirucallane placed on the lower side of the stone wall;  viii) Integration with strong check dams along 

depression points and small gullies; ; and ix) Fodder and crops growing on terraces should not be uprooted but cut 

and carried. Develop agreed benefit sharing rules and management arrangements. 

Benefits and Acceptability 
Useful and suitable for rehabilitating the degraded hills, tree/shrubs planting and very effective in controlling runoff 

and erosion; ensure protection of downstream fields, play a significant role in replenishing water tables, especially 

when combined with in-situ moisture conservation (trenches and micro-basins). 

Limitation 
Hillside terraces can be overtopped - need integration with trenches. Require maintenance if not well constructed 

and stabilized. Are labor intensive techniques. 
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In Situ Moisture Harvesting Technologies – Physical Soil 
Moisture Storage 

Overview  

Definition: Rainwater harvesting describes methods of collecting, storing and spreading various forms of 

runoff from different sources for domestic, agricultural, etc uses. It is a deliberate collection of rainwater 

from a surface (roof/ground catchment) and its storage (soil and structural) to provide a supply of water. 
 

Basic Concept: RWH is a concept of rainfall concentration that multiplies the amount of rain falling on a 

cropped area by a factor greater than one. At the same time erosion will be controlled and fertility of the 

soil is managed. This concept differs from the practice of Soil and Water Conservation (SWC) in which 

there is no rainfall multiplication and concentration. In SWC the multiplying factor (MF) = 1. Examples 

are Terracing, Benching; Furrow drinking, pitting land surfaces (Figure a). The conceptual model for runoff 

farming in RWH is indicated in Figure b.        

           

 

 

 

 

 

 

 

Soil properties, and especially physical properties, present a high variability, both vertically and 

horizontally, and they are submitted to continuous changes under natural conditions, and particularly with 

the man intervention. The processes of soil degradation start with the degradation of the soil structure, 

especially of the functional attributes of soil pores to transmit and retain water, and to facilitate root growth. 

The deterioration of those attributes is manifested through interrelated problems of surface sealing and 

crusting, soil compaction, impeded root growth, poor drainage, frequent drought, excessive runoff, and 

Designing Catchment: Cultivated Area Ratio 

 

 

 

 

 

 

 

 

 

 

(a) Benching where multiplying Factor = 1 

(b) Benching where  

multiplying Factor >1 

Conceptual model of micro- 

catchment runoff farming 

As indicated on the left 

Figure, “A” is catchment and 
“a” is cropped area. 
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accelerated water erosion. Water, that is often the main limiting factor of plant growth, is also the main 

factor directly or indirectly responsible for soil and land degradation processes. These soil degradation 

processes ultimately affect the soil water storage capacity of the soil and its recharging capacity to 

downstream surface water systems.   

 

Soils play a very important role in the hydrological cycle. They are one of the main reservoirs of fresh 

water, and transform discontinuous and erratic rainfall sources of water into a continuous supply of water 

to the roots of plants and continuous discharges of water to groundwater, streams and rivers. Integrated 

approach in the conservation of soil and water is further justified by the close relationship between soil and 

water quantity and quality. 

 

The soil moisture regime, determined by the changes in soil water content with time, is the main single 

factor conditioning plant growth and crop production. That will be mainly conditioned by soil properties 

affecting the capacity and possibilities of infiltration, retention and drainage of rainwater, and the 

limitations to root growth under the particular rainfall characteristics.  

 

In-situ moisture harvesting systems using physical Soil Storage SWC (RWH) Systems (also micro-

catchment runoff farming or 'within-field' water harvesting systems) is a concept of rainfall concentration 

that multiplies the amount of rain falling on a cropped area by a factor greater than one. Micro-catchments 

are normally within-field systems since 

runoff comes from within the vicinity of the 

cropped area, where overland flow harvested 

from short catchment length and the runoff 

stored in soil profile (Figure in the right). In 

design, a small portion of upslope land is 

allocated for runoff collection, which is 

"harvested" and directed to a cultivated area 

(run-on area or cropped area) down slope. The 

runoff within a field is directed either to single 

plants e.g. fruit trees, or to clusters of plants or 

row crops e.g. maize, sorghum or groundnuts.  

 

Soil Storage SWC (RWH) Systems or Runoff farming for crop production is applied in arid and semi-arid 

regions where rainfall is either not sufficient to sustain a good crop and pasture growth or where, due to the 

erratic nature of precipitation, the risk of crop failure is high. RWH can significantly increase plant/fodder 

production in drought-prone areas by concentrating the rainfall/runoff in parts of the total area. Runoff 

farming is an ingenious way of improving the productivity of rain-fed agriculture in dry regions where 

conventional methods are unreliable. The method should be considered in regions where rainfall is 

inadequate or unreliable and normal rain-fed farming has become a risky venture.  

The goals of Soil Storage SWC (RWH) Systems or Runoff Farming includes: 

¶ Restoring the productivity of crop/range land which suffers from inadequate rainfall. 

¶ Increasing yields of rainfed farming 

¶ Minimizing the risk in drought prone areas 

¶ Combating desertification by tree cultivation 

¶ Increases adaptation to climate change 

 

Advantages of In-situ Moisture Harvesting or Physical Soil Storage SWC (RWH) Systems:  

They are simple in design, low-cost and relatively easy to install since they mostly require just manual 

labor. Therefore, micro-catchment systems are easily replicable and adaptable. Within-field systems also 

tend to require less mechanization, relying more on manual labor and animal draught. They also achieve 
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higher runoff efficiency than large scale water harvesting systems, with almost no conveyance losses and 

plant growth is usually even. Micro-catchment systems carry element of erosion control, thus conserve both 

water and soil nutrients. Most types of micro-catchment systems can be constructed on almost any slope, 

including almost level plains, slopes, and there are designs to suit a wide range of crops, trees and fodders. 

 

Limitations of In-situ Moisture Harvesting or Physical Soil Storage SWC (RWH) Systems:  

Runoff farming requires relatively large labor inputs and land requirements. It also utilizes more land than 

conventional rainfed cultivation. The catchment area is sometimes removed from potentially arable land, 

especially in micro-catchment systems. The catchment area has to be maintained, i.e. kept free of vegetation 

which requires a relatively high labor input. If overtopping takes place during exceptionally heavy 

rainstorms, the systems may collapse affecting other crops and structures downhill. Runoff farming requires 

that crops are planted with relatively wider spacing or structures are spread out, resulting in low crop 

densities and hence lower yields per unit area, in comparison with conventional rainfed cropping systems. 

The major In-Situ moisture harvesting - Soil Storage SWC (RWH) technologies presented here are: 

 

1. Ridges and Tie Ridging 

2. Micro Trenches 

3. Deep Trenches  

4. Micro basins           

5. Herring bones (HBs) 

6. Semicircular Bunds  

7. Runoff – Run-on Area Bunds/Barrier Lines 

8. Runoff – Run-on Strips 

9. Dry Stone Measures (DSM) 

10. Percolation Pits 
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 Name of the technology RIDGES AND TIE RIDGING    

General Description 
This method is also known as furrow blocking, furrow damming, 

furrow diking, and basin listing. Tie ridges are small rectangular 

series of basins formed within the furrow of cultivated fields mainly 
to increase surface storage and to allow more time for rainfall to 

infiltrate the soil. The principle or purpose is to increase surface 

storage by first making ridges and furrows, then damming the 

furrows with small mounds, or ties. Making tied ridges manually is 

time and labor consuming and hence it is usually associated with 

mechanized farming. There have been some attempts at achieving it 

with ox-drawn (Maresha attached ridge tier) implements, but the 

system really needs high draught for speed and precision. Either 

ridging alone or tied ridging has occasionally been practiced using 

hand labor, but the high labor requirement usually makes this 

unpopular with subsistence farming.  
 

Fig. 1 Ridges with tie ridges 

Hand-made ridges are usually less efficient. They are more likely to depart from a true contour and to have variations in the 

height of the ridge, both of which will increase the risk of overtopping.  

The system has been beneficial not only for reducing run-off and soil loss, but also for increasing crop yield. However, 

during high rainfall years or in years when relatively long periods within the rainy season are very wet, thus, resulting in 

lower yields. 

Geographical extent of use 
Applicable in cultivation land with gentle slopes. Availability of various cultivation equipment’s and the type of soil better 

mechanization can be adopted to areas where the volume of rainfall is small and variable. It requires a high value of soil 

storage, usually deep soils with good infiltration and permeability. Suitable mostly in semi-arid and arid parts of the country 

but also in medium rainfall areas with deep and well drained soils. Commonly practiced in dry and moist weyna dega areas 

for the growth of trees and support of area closure. Design change based on dryness conditions. If applied on heavy clay 

soils it could result in erosion or water, be lost to evaporation before it is used by plants. 

Technical Design Requirements: 
The design question is when to go for drainage and when to go for 

storage. Graded ridges alone will usually lead to an increase of surface 

run-off compared with flat planting, while tied ridges will decrease the 

run-off and increase the storage. In different seasons either of these two 

effects may be preferable. The possibility of hedging by tying alternate 

furrows is also possible. This would reduce the amount of damage by too 

much run-off or too much retention. In Ethiopia, within the Rift Valley 

system, oxen drawn ridgers have been developed. Three safety back-ups 

are required to minimize the risk of damage by erosion: 

i)   the furrows should be on gentle grade to assist runoff if the ties fail; 

ii)  the ties should be lower in height than the ridges so that the ties fail 

along the furrows before the ridges fail down the slope; 

iii) There should be a back-up system of conventional graded channel 

terraces to prevent damage if the ridges do overtop or fail. 

¶ Height of the tie ridge can be 15 - 20 cm 

within a furrow depth of 20-30cm.  

¶ They are constructed in staggered position 

along neighboring furrows. 

¶ Row spacing and tying interval could range 

between 1 and 10m.  

¶ The steeper the slope, the higher the rainfall 

intensity and the lower the water holding 

capacity of the soil. 

¶ Row spacing and tying interval dependent 

on slope of the land, intensity of rainfall 

and water holding capacity of the soil. 

¶ Training and demonstration is needed on 

how to insert into the traditional implement 

Layout and Construction Procedures 
Layout: No much need of surveying equipment as such but need perfect contoured furrows run with oxen or tractor. If tie 

ridges are to be made by hand then use of A-Frame is advised. Making an implement to form the ridges is straight forward, 

it is interrupting the ridging process to leave a tie that is difficult. Possibilities are: i) intermittent lifting by hand if the ridger 

is pulled by tractor or by oxen; ii) automatic lifting devices based on an eccentric wheel; and iii) intermittent hydraulic lift 

either manual or triggered by rotation of tractor wheels. For any layout of In-situ Physical Moisture Harvesting Measures 

see Annex 2 for technologies. 

Period of Implementation Across Season 
During planting or seeding and also during cultivation operation or harrowing, not interfering with activities of agriculture 

and/or normal/customary mobility. 
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Planning and Mobilization Requirements Cost Elements and Work norm 
All necessary mobilization requirements for tillage 

and planting. Tied ridges are appreciated on 

individual plots where use right is secured. As they 

are meant to maximize moisture on cereal or row 

crops that are usually annuals, they can even be 

practiced on rented land effectively. Point breakage 

by high intensity of rainfall can be checked and 

repaired during growing seasons. 

Implements for building tied ridges are tractors, oxen and ridgers 

to be trailed by tractor or oxen. For manual labor, hoe, shovels and 

pick axe with handles. Tie ridging is usually an activity to be 

performed as a normal cultivation operation. In Ethiopia, Maresha 

attached tie ridging can be carried out by 2 person days per person 

each having pair of oxen. Staggering of the ties along neighboring 

furrows is required. 

Management and Maintenance 
There is a danger of soil erosion if the ridges are overtopped and break so that the water temporarily stored in the depressions 

is suddenly released. This will not happen if the combination of surface storage plus the amount which infiltrates into the 

soil surface is less than the storm rainfall. This implies a high value of soil storage, usually deep soils with good infiltration 

and permeability. In some systems the infiltration is increased either by mulching in the furrow bottoms or by sub soiling 

or cultivating. Three safety back-ups are required to minimize the risk of damage by erosion are: i) the furrows should be 

on a gentle grade to assist run-off if the ties fail; ii) the ties should be lower in height than the ridges so that the ties fail 

along the furrows before the ridges fail down the slope; and iii) there should be a back-up system of conventional graded 

channel terraces to prevent damage if the ridges do overtop or fail.  

Benefits and Acceptability 
There is an extensive literature reporting trials of tied ridging in many countries. A few of the reports indicate 

problems/failures but the great majorities claim outstanding success. In many countries, for low rainfall areas such as the 

Rift Valley of Ethiopia, Katumani in Kenya; it is reported that substantial increases in sorghum, maize, millet, cotton yield 

for tied ridging compared with flat planting.  It is reported that tied ridging in Tanzania gave higher maize yields not only 

in low but in high rainfall years as well. 

Good potential to improve production because of effective moisture conservation. It is also possible to use tied ridges for 

diverted runoff directed to the cultivated fields other than for rainfall.  
Limitation 
Hand-made ridges are usually less efficient. They depart from a true contour and to have variations in the height. 

Once made during planting it requires little maintenance, however it must be done for every cropping season. 
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Name of the technology MICRO TRENCHES 
General Description 
Trenches are pits constructed along the contours with the main purpose of collecting and storing rainfall water to support 

the growth of trees, shrubs, cash crops and grass or various combinations of those species in moisture stressed areas (350-

900 mm rainfall). Trenches can have flexible design, to accommodate the requirements of different species. Therefore, 

they can suit what the pastoralist wants to grow. Trenches collect and store considerable amount of runoff water, thus 

vegetation grows faster and vigorous. They protect grazing fields located downstream from flood and erosion. Part of the 

water captured by the trenches reaches the underground aquifer. Therefore, water tables are recharged and supply springs 

and wells with good quality water and for a long period of time (See Photos below). There are various trenches known by 

shape and size such as circular, square or trapezoidal and small or large. 

Geographical Extent of Use 
On hillsides where soil at least 50 cm deep and not too rocky (from 5-50% slopes); On abandoned lands that you wish to 

restore for growing tree/shrubs or other crops; On portions of forest land or closures that should be enriched; On 

homesteads for growing high value trees or other crops. Do not construct trenches in rocky areas and steep slopes above 

50%. Highly suitable in many areas in the highlands to improve closures and plantations. Also relevant in pastoral areas 

to improve grazing reserves, aerial pasture, etc.  Smaller water collection trenches are also applicable in steep and degraded 

hillsides (max slope 100%) and for community closures. Can be combined with other measures such as hillside terraces, 

stone bunds, and trenches based upon soil, slope, and surface stoniness. Can also be applied inside large gully areas for 

tree planting. 

Technical Design Requirements 
a) It can be constructed to grow 1 or up to 3 trees in each trench. The designs of the trench depend from the type of soil, 

rainfall, and the type and position of trees; b) Take advantage of the water harvesting effect of the trench by planting 1 fast 

growing tree and 1 or 2 additional slow growing trees (which require less water); c) Catchment Area/Trench Area ratio 

CA/TA is 3-5:1 (based on rainfall and tree water requirements) – normally 2-3 meters distance between lines of trenches 

- ratio can vary depending on dryness; d) Trench with two trees planted on pits dug in two ties; e) Trench with 1 tree 

planted in a tie and 2 trees on pits dug in front of trench; f) Trench with 2 trees planted in two ties and 1 tree planted in 

front of the trench; g) They are constructed in staggered position one from another (triangle); h) No of trenches/ha from 

800-1200. N.B. For further detail see Pictures below and other references on SWC. 

Layout and Construction Procedures 
a) Start from the top of the hill or field; b) Using an A-frame (or other level) the same size of the trench (2,5-3 m long) 

level the two tips of the frame and then mark the shape of the trench; c) Continue marking more trenches with the A-frame 

adjacently and below the first one; d) Spacing between two trenches laterally is 25-50 cm; e) After layout dig soil to reach 

20-25cm depth x 50cm width x 2,5-3m length; f) Keep some of the good topsoil aside for filling planting pit (s); g) Then 

dig a 50 x 50 cm wide x 40cm deep pit in the middle of the trench; h) Bottom of the pit should be 10-15 cm deeper than 

bottom of trench; i) Side ditches may slope towards ties for maximum utilization of light rain showers; j) Demarcate the 

tie around the pit (10cm from pit border on both sides) and proceed to deepen the collection ditch around the ties up to the 

required depth of 50cm; k) The embankment is to be shaped level and well compacted; and for more construction sequence 

and Figures – see Pages 148-150 CBPWD Guideline, 2005). See also Figures below. 

Period of Implementation across Season 
Mostly during the dry season or after short rainy season for hard soils. One month before rainy season is also good to 

enable plantation pit to weather, not interfering with activities of agriculture and/or normal/customary mobility. 

 
 

Water collection trenches in the landscape 
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Layout out of an ideal trenc 

Trenches for groundwater recharging, staggered and 

Recharging pits/trenches  

Planning and Mobilization Requirements 

Groups and communities are trained in proper layout, design 

and construction; Make sure community agrees on groups and 

individual sharing of degraded hillsides; Discuss and decide 

the different type of trenches to construct based upon what 

Farmers want and what is more appropriate based on type of 

soils and depth; If technology not introduced test at small scale 

first. Agreements on use rights and management of treated 

areas (areas shared amongst individuals, groups or managed by 

community or mixed). See opportunities for land use 

certificates in protected areas. Arrange working groups for 

maintenance. 

Cost elements and Work norm:  Survey 

A-frame level or water hose level linked to 2 poles placed at 3m distance. If not available use the normal water level 

hooked to a string linked to range poles placed at 5m distance. Tools: crow bars, pick axes and shovels (1 crow bar: 2 pick 

axes: 2 shovels). For all trenches work norm includes excavation of soil, embankment, compaction and digging of 

plantation pit (s). The work norm is 2 person days per 3 trenches per day. For trenches 5 meters long and 2-3 ties/pits apply 

7PD/15 MTs 

Management and Maintenance 

Cut unpalatable grass from trench and surroundings to mulch pits and water collection area. Apply compost into planting 

pit (s) and water collection ditch. Check distance, size and layout of trenches. If trenches have more than one tree check 

growth of trees and prune/thin as required. Heavily mulch and apply compost around fodder/cash crop belt. Mulching to 

continue for at least 2 years and apply compost for multipurpose trenches. 

Benefits and Acceptability 

Reduction of runoff and sediments. Good for degraded hillsides rehabilitation. Area closure accompanied with trenches 

results in good regeneration.  Good potential to improve degraded hillsides and flat to gently sloping lands - mostly for 

area closure and multipurpose tree and fodder tree plantations. Good groundwater recharging techniques for replenishment 

of water table. Already in use in many areas of the Highlands in the Eastern Nile Regions and acceptability is not a problem 

if planned and implemented as an integral part of community watershed management interventions. Together with other 

measures trenches can significantly improve watershed rehabilitation, biomass production and recharging of water tables. 

Can easily be understood /adopted after demonstration. 

Limitations 

They are labor intensive techniques and can be applied in areas where Farmers/communities are willing. Need some 50 

cm of top soil to be applied. 
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 Name of the technology MICRO-BASINS (MBS)   

General description:  
Micro-basins are small circular and stone faced (occasionally 

sodded) structures for tree planting. MBs are used in order to 

store precipitation water by collecting surface runoff: low 

soil ridges optionally supported with stone walls - are 

constructed in an enclosed shape to form a basin, which helps 

to prevent the water to further run off. The collected 

rainwater is then used for direct irrigation or infiltration into 

the soil to enhance soil moisture and recharge groundwater. 

Also used for optimization of water use in agriculture, 

conservation of soil moisture, surface and groundwater 

recharge. MBs are mostly used for small-scale tree and bush 

planting in areas with moisture deficit. Each basin consists of 

a catchment area and an infiltration pit, which serves as the 

cultivated area. 

                                                                                             

 

 

 

  

 

 

 

 

 

 

 

 

Fig. 1 Micro-basins for tree and forage plants use 

Geographical extent of use 
Suitable in degraded areas, mostly in semi-arid and medium rainfall areas with stony as well as shallow soils. 

Commonly practiced in dry and moist areas for the growth of trees and support to plantations in area closure. 

Applicable in steep and degraded hillsides (max slope 50%) and for community closures. They need to be often 

combined with other measures such as hillside terraces, stone bunds, etc. Can also be applied inside large gully 

areas for tree planting. Based upon experience they are not very effective in low rainfall areas (where trenches, 

eyebrows, etc. are preferred) because of competition for moisture. 

Technical design requirements: 
Different design types are possible, including half-moon, V-

shaped, diamond-shaped, trapezoidal, as well as contour 

bund basins. The height of the ridges relies strongly on the 

slope and the size of the catchment.  

Technical standards: i) Diameter: to range from 1 - 1.5 m; 

ii) Stone riser: 0.2 m; iii) Foundation and height: 0.2 - 0.4 m 

above ground based on slopes; iv) Plantation pit: 0.4 m 

diameter x 0.5 m depth; v) Soil sealing: sealed with soil from 

cut area; vi) Constructed in staggered position between rows 

and in rather close spacing within row in case of 1 m diameter 

basins. 

 
Layout of  Micro-basins along the contours 

Layout and construction procedures: 
Layout: One A-frame or line level (with 5 meters string and 

two range poles. 

Tools: Crow bars, sledge hammers, shovels, and pick axes. 

i) Layout in staggered position; ii) Foundation; iii) Placement 

of stone raiser; iv) Cut and fill and seal required so that the 

water should not leak unnecessarily; v) Construction of 

plantation pit. 

Planning and mobilization requirements 

Agreements for use rights and management of treated areas (areas shared amongst individuals, groups or managed 

by community or mixed). See opportunities for land use certificates. Arrange working groups for regular 

maintenance. 

Period of implementation across season 
Mostly during the dry season or after short rainy season for hard soils.  
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Cost elements and work norm Management and maintenance 

Work norm includes digging 

foundation, placement of stone raiser, 

cut and fill and sealing and plantation 

pit activities. The WORK NORM:  25 

MB/7PD 

Controlled grazing and area closure are necessary or a precondition for 

micro-basins to control light trampling that will compromise their 

function. Bunds have to be repaired immediately if they break. The field 

can be additionally protected from excess water runoff with the 

construction of a cut-off drain or a retention ditch. Fodder growing on 

micro-basins should not be uprooted but cut and carried. Few series of 

staggered lines of micro-basins can be constructed in between hillside 

terraces (say every 10 - 15 meters) on slopes up to 30% - rows of micro-

basins decrease as distance between hillsides decreases, especially > 30% 

slope. Fodder legumes, shrubs can be planted along the filled area 

(Pigeon peas, Tree Lucerne, etc.) in smaller planting pits instead of a tree. 

Manuring pits and mulching (decrease evaporation and enhance growth). 

Integration with check-dams in depression points and in gullies. 

Development and extension workers, technicians follow up required to 

make it productive than remaining idle.  

Benefits and acceptability 
Simple design and construction; can be 

applied to even/uneven grounds; and 

applicable for very small scale (e.g. 

only for a few trees). 

Good potential to improve degraded 

and steep hillsides - mostly for area 

closure and multipurpose trees and 

fodder trees plantations.  

When combined with sound moisture 

conservation (trenches, etc.) and 

proper management it will contribute 

to watershed rehabilitation, biomass 

production and recharging of water 

tables. 

 
Micro-basin constructed with sods in areas without stones (max 20% slope) 

Limitation 
Labor intensive; Applied where 

Farmers or communities are willing. 

Implementation is not mechanized and 

only applicable to small scale.  

MBs can be easily overtopped - need 

integration with hillside terraces. 

Require maintenance if not well 

constructed and stabilized. 
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Name of the technology HERRING BONES (HBS)                  
General description:  
HBs are small trapezoidal structures (called also A structures) for tree and other species planting. They are suitable 

for both dry and medium rainfall areas, and medium soil depth. Based upon experience HBs are most effective in 

medium/low rainfall areas (500 - 900 mm). They can be constructed on slopes < 5% and soils > 50 cm depth.  

 Geographical extent of use 

Fig. 1: Herring Bones 

with two water 

collections 

• Suitable mostly in semi-arid and medium rainfall areas.  

• Not very common in Ethiopia but has possibility to expand in many areas, including 

pastoral areas for improving grazing reserves - can support the growth of different species. 

• Applicable in gentle slopes (<5%) on small plateaus, on degraded lands (widespread 
gullies) with portions of gentle slopes (lower sections of community closures, etc.) and 

homesteads 

• Can be often combined/mixed with other measures such as trenches soil and stone bunds, 
based upon soil, slopes and stoniness. 

Technical design requirements: Layout and construction 

procedures: 
¶ Spacing:  the structures are placed 3 m apart (max 4m in very 

dry places) along the contours and have extended arms 

conveying water towards the planting area. 

¶ A water collection ditch (1m x 1m x 0.3 m depth at lower side) 

is dug behind the planting pit (40 cm diameter x 50 cm depth), 

¶ The tips of the extended arms are 2.5-3 m apart (average). 

¶ Embankment: max. Height down slope (0.4 - 0.5 m) and 

decreases to 20 cm at the end of the side arms. 

Layout: One A-frame. The A frame can 

directly provide the shape of the HB when 

laid down at ground level. Water line level 

not as good as A frame but can be used for 

marking major contour lines - then proceed 

with direct assessment by sight and adjusting 

orientation of HB based on micro slopes.  

Tools: shovels and pick axes.  

Period of implementation 

across season 
Cost elements and work norm 

Mostly during the dry season or 

after short rainy season for hard 

soils.  

Work norm includes precise layout (using A-frame or other level), excavation 

of collection ditch and planting pit, embankment building and compaction. 

WORK NORM: 20 HBs/7 Person day  

Planning and mobilization requirements  
¶ Depth of soil and slope assessed. Discuss and agree with Farmers on species, spacing and integration with 

other measures as required 

¶ Training on layout and construction (very precise for HB) Precise layout and follow-up/adaptations 

¶ Agreements for use rights and management of treated areas (areas shared amongst individuals, groups or 

managed by community or mixed). See opportunities for land use certificates in protected areas. Arrange 

working groups for maintenance. 

Management and maintenance 
1. 2 - 3 series of staggered lines of HBs in between bunds (say every 10-15 meters) can be constructed in areas with 

slopes up to 5% (8% in sandy soils with good percolation).  

2. Control grazing and closure of areas treated with HBs necessary.  

3. Fodder legumes, shrubs and cash crops can be planted along the embankment (pigeon peas, Sesbania, etc.).  

4. Manuring of plantation pits and mulching required (decrease evaporation and enhance growth). 

5. Integration with trenches and other structures as soon as slopes increase and there is a danger of overtopping.  

Benefits and acceptability 
¶ Good potential to improve degraded areas with gentle slopes - mostly suitable for medium 

¶ Extrude and drained soils (sandy loams, sandy clay loams). Can also be planted with a mix of trees, shrubs and 

cash crops.  

¶ Combined with other measures can significantly improve watershed rehabilitation, biomass production and the 

recharging of water tables.  

Limitation 
• HBs are suitable only in gentle slopes - layout is demanding.  

• Require maintenance if not well constructed and stabilized. 
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 Name of the technology SEMICIRCULAR BUNDS  

General description:  

Semi-circular bunds (also known as Demi-Lunes or Large Half 

Moon bunds) are usually earthen bunds in the shape of a semi-

circle or a crescent and the tips facing directly up slope. They 

are created at a spacing that allows sufficient catchment to 

provide the required runoff water, which accumulates in front 

of the bund, where plants are grown. They are usually placed 

in staggered position (see top and land bottom Figures in the 

right box). These bunds, usually the smaller sizes, are used 

mainly for the rehabilitation of rangeland or for fodder 

production, but may also be used for growing trees, shrubs and 

in some cases field crops (e.g. sorghum). They vary depending 

on the crop type, soil and the rainfall amount. When it is large, 

like 0.5 ha food crops such as sorghum or millet can be planted. 

They are suitable structures to enable cultivation of drought 

resistant crops in areas with very low rainfall. They also used 

as water/runoff spreading bunds too. Figure of semi-circular 

bund in staggered arrangement for forage production is shown 

in the right box. 

Fig. 1 Staggered layout of semicircular bunds 

 

 
 

Fig. 2 Typical Semi-circular bunds for Drylands 

Geographical extent of use 
Semicircular bunds are suitable for arid and semi-arid areas 

(rangelands and degraded grazing lands) where annual rainfall 

ranges about 200 - 750 mm rainfall, deep soils and low slopes 

(2 - 5%). The land terrain should be even, with topography that 

is almost flat to gently sloping. The slope could be increased to 

10% (see Table 1 below). It can be applied in areas with sandy 

and sandy loam soils affected by low fertility levels and thin 

surface crusts that inhibit infiltration and increase runoff.  

 

Technical design requirements: 
Two distinct designs are used depending on 

whether the crop is a tree or a row crop. While the 

geometry of the bunds is the same, if the crop is 

cereal the diameter tends to be large and small for 

the case of a tree. For cereals they can be as large 

as 40 m diameters and for forage and tree crops 

their size is less like 6 m or so. The space between 

tips of consecutive bunds is used for discharging 

of excess runoff.  

The top width of the bunds is usually 10 cm and 

the height may be uniform where the topography 

is flat. The side slopes are 1:1 although flatter 

sides are also possible. As the slope increases, the 

height is increased accordingly from the tip to the 

lowest point. The minimum height at the tip is o.1 

m. When they are smaller it is suggested that they 

can be used up to 5% slope similar to eyebrow 

terrace. Line level, measuring tape, cotton string, 

and pegs are required. 

       Table. Minimum height for semi-circular bunds 
Radius (M) Ground slope (%) 

 1 2 3 4 5 6 7 8 9 10 

1  Use a height of 20 cm 

2        21 23 25 

3      23 26 29 32 35 

4    21 25 29 33 37 41 45 

5    25 30 35 40 45 50 55 

6   23 29 35 41 47 53   

7   26 33 40 47 54    

8  21 29 37 45 53     

9  23 32 41 50 Not recommended 

10  25 35 45 55      
 

Layout and construction procedures: 
Steps: i) Design the diameter, spacing and height of the 

bunds (Figures and, Table 2 below); ii) Stake out a 

contour line at the top of the field just below the cut-

off drain; iii) Cut a string equal to a diameter and a half, 

marking into three equal parts. With it, mark the tips of 

a bund, its center and the spacing on the contour; iv) 

With a peg tied at two ends of the half diameter 

portion, inscribe the bund below the contour. 

Caution:  

¶ Structures are semi-circular bunds 5 -15 meters large, 

50 - 75 cm high and with a decreasing height at their 

tips to evacuate excess water although soils are often 

permeable enough. Slopes should not exceed 5% and 

soil depth should be not less than 30 - 50 cm.  

¶ The run-on-runoff ratio should be 1:1 to max 1:3 as 

more runoff can break the embankment. This means a 

5 meter diameter half-moon (has 2.5 meters width of 

cultivated area) will be distant from the next one 2.5 
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Similarly, complete the row of bunds on the contour; 

v) Measure the position of the next row from the 

bottom of the row above using the calculated spacing. 

The centers of bunds in this row should vertically line 

with the mid-point of the space between the bunds in 

the first row. Repeat until all rows are done; vi) Dig a 

small trench outside the bund to get soil. Make the 

bunds in layers of up to 10 cm and compact each until 

the required height is achieved; vii) Protect bund tips 

with stones to avoid erosion. If stones are not available, 

plant a suitable dense grass instead. 

meters; with 3:1 ratio. Half-moons can be placed one 

attached to the other (1:1 ratio) as a continuous system. 

However, the drier the area the higher the ratio between 

runoff-run-on areas.  

¶ Low moisture demanding crops should be planted such 

as millet and specific varieties of sorghum. Pulses such 

as specific drought resistant varieties of beans but also 
chick peas can be used.   

¶ Half-moons can also be planted with pure stands of 

pigeon peas and other fodder crops mixed with grasses. 

        
Fig.3. Stepwise layout and construction of semicircular bunds 

Period of implementation Planning and mobilization requirements 
Only during the dry season and period not 

interfering with land preparation. Construction 

shall start and be completed in the dry season.  

Proper site investigation required. All necessary working tools 

should be mobilized to the site. Community and individual 

consultation prior to its introduction required. On completion 

all the necessary site cleanup required.  

Cost elements and work norm 

Quantities of earthworks for semi-circular micro-catchments is indicated in below Table 2. 

Table 2. For work norms, apply 2.5M3/7PD earth work volume. 

Land Slope 
(1) Radius 

(m) 

(2) Length 

of bund (m) 

(3) Impounded 

area per bund 

(m2) 

(4) Earth 

works 

per bund (m3) 

5) Bunds per 

ha 

(6) Earthworks 

per ha (m3) 

Design “a” up to 
1.0% 

6 19 57 2.4 73 175 

Design “b” up to 
4.0% 

10 31 160 13.2 16 210 

Design “c” up to 
2.0% 

20 63 630 26.4 4 105 

 

Management and maintenance 

Where necessary, protect the field from external run off with a cut-off drain at a maximum gradient of 0.25%. Plant 

a suitable grass on the bunds to avoid erosion. Stone pitching required at the tip of the bund to control scoring by 

runoff. Integrated with control grazing and tree/shrubs planting on embankment (pigeon peas, etc.) + manure 

applications. 

Benefits and acceptability 

When used for forage, it provides sufficient moisture. If applied correctly it is a very effective technology for the 

reclamation and rehabilitation of shallow and crusted sandy areas and changes marginal lands productive. It is 

usually a zero-runoff system thus reduces erosion significantly. Once the technique is properly sited and 

demonstrated acceptability is high.  

 Limitation 

It is labor intensive and not effective above 5% slope. Design and layout of large bunds requires careful 

consideration. 



 
26 

Name of the technology RUNOFF RUN-ON BUNDS /BARRIER LINES  

General description:  
Runoff - Run-on area measures are micro-catchment systems in which surface runoff are collected from a small 

catchment area with mainly sheet flow over a short distance. This runoff harvesting, or runoff farming systems are 

based on the utilization of surface runoff combined with natural rainfall, to grow crops. In these RWH Systems, 

the source of runoff is close to the cropped area and is also called as 'within-field' or 'on-farm' micro-catchment 

systems. Runoff water is usually applied to an adjacent agricultural area, where it is either stored in the root zone 

and used directly by plants or stored in a small reservoir for later use. The target area may be planted with trees, 

bushes, or with annual crops. The size of the catchment ranges from a few square meters to around 1000 m. The 

ratio of catchment (runoff)-to-cultivated area (run-on) can range from 1:1 and up to 5:1. The selection of the C/CA 

ratio and design of structures may be modified taking into consideration farm size and various crop spacing. All 

the components of the systems are constructed inside farm/rangeland boundaries, and easily maintained and 

managed by the land users - controlled by the land users. 

 

         

 
                                                                                 Fig. 2  Catchment- Cultivated area ratio of 1:1 - Within Field System 

The main characteristics of runoff-run-on 

micro-catchment RWH - sometimes referred to as 

"within-field-catchment" systems are: 

- Overland flow harvested from short catchment 

length 

- Catchment length usually between 1 and 30 

meters 

- Runoff stored in soil profile 

- Ratio catchment: cultivated area usually 1:1 to 3:1 

- Normally no provision for overflow 

- Plant growth is even 

The advantages of runoff-run-on microcatchment 

RWH are  

¶ Simple to design and cheap to install, therefore 

easily replicable and adaptable. 

¶ Higher runoff efficiency than medium or large-

scale water harvesting systems; no conveyance 

losses. 

¶ Includes also erosion control. 

¶ Can also be constructed on almost any slope, 

including almost level plains 

Three most important farm-based runoff-run-on micro-catchment RWH systems:  Small Stone Bunds (SSBs), 

Narrow Stone Lines (NSLs) along the Contours, and Stone Faced/Soil or Stone Bunds (SFSBs) are described with 

below with key common features and with detail technical specific descriptions.  

Geographical extent of use 
¶ SMALL STONE BUNDS WITH RUNON-RUNOFF AREAS: Runoff-run-on systems are known and used 

for different purposes in several dry areas.  

¶ Suitable in dry areas with depleted soils and gentle slopes, crusted and shallow soils and marginal lands used 

for temporary grazing (Kolla areas).  

¶ Can be easily adapted in moisture stressed areas and agro-pastoral settings. 

¶ Dry areas with extended degraded grazing lands or rangelands with low productivity and that can be converted 

into grazing areas. 

¶ SSBs can be used to improve long fallows in dry Weyna dega, where such areas exist and can be reclaimed, in 

combination with agronomic measures such as ley cropping and other measures such as ripping and bunds.  

¶ NSLs can be suitable for pastoral and agro-pastoral areas to induce better growth of natural grass. 

¶ SFSBs mostly suitable in arid areas (Kolla and Berha) but also semi-arid (dry weyna dega) with shallow soils 

and abandoned or unused areas because of rainfall deficit. 

Catchment 

(Runoff area) 

Cropped 
(Run-on area) 

Fig. 1 Illustration of a runoff-run-on area 
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Technical design, Layout and Construction 
SMALL STONE BUNDS WITH RUNOFF - RUNON AREAS 

¶ The system is suitable for shallow soils (<50 cm) and located in marginal areas, with low rainfall (< 400 mm). 

Most areas used by pastoralist fits this range. 

¶ In slightly higher rainfall ranges (400-600 mm), they are also suitable for marginal areas with soils either 

shallow and/or with low infiltration rates, or adjacent to gullies. 
¶ In all circumstances they are suitable in areas with slopes ranging from 1 to 5%. 

¶ The minimum area for the construction of a single rainfall multiplier unit should be sufficient to allow the 

construction of bunds with its planted area and the runoff (catchment area). If the area includes small 

depressions or gullies, the bunds should wing up before crossing such points. Before the construction of the 

bunds, the cropped area may be preferably ripped to increase infiltration and encourage biological life.  
¶ Concerning the ratio between runoff area and planted area, it should be estimated according to the amount of 

rainfall (mean seasonal). The planted area should not exceed 5-10 meters width. Runoff/run-on ratios range 

from 2:1 to 5:1 depending on rainfall and vegetation. 

¶ Since the type of soils is usually shallow, with structural problems (crusts, etc.) and limited water storage 

capacity, excess runoff is expected to occur. For this purpose, bunds should be provided with lateral wings of 

decreasing height to evacuate excess water and/or side spillways. The bunds wing up laterally for the entire 

length of the cropped area. Spillway construction follow the same criteria as indicated for soil/stone bunds but 

often of smaller size due to the smaller size of bunds.  

¶ Suggested dimensions are: height of the bund is 45-60 cm, length 10-50 meters and base width 1-1.5 meters. 

The bunds have to be staggered alternatively with lateral spacing between bunds of 2 meters to allow overflow.  
¶ The bunds are made out of soil (stable soil, slopes < 3% and rainfall >400 mm) or stone faced (slopes 1-5%, 

rainfall < 400 mm or above). In case of stone bunds, structures should be sealed with soil on their upper side. 

NARROW STONE LINES ALONG THE CONTOURS (STAGGERED ALTERNATIVELY) 

¶ Layout is along the contours, in successive semi-circular lines staggered alternatively. 

¶ Slope should not exceed 3-5%. The soils should be permeable enough to allow sufficient infiltration although 
this measure is often implemented in areas with crusted and shallow soils, paved with stones. In this respect, 

stone lines can be easily overtopped by excess runoff. However, it is a cheap method, but it is neither an 

effective erosion control nor an optimal water retention system.  

¶ Stones lines are built with a 30-40 cm height piled in a pyramidal way and are usually 10-40 meters long. 

Normally, for maximum water retention the two lines are spaced apart 5 to 10 meters. 

¶ If improved grass/legume is planted, they should be drought resistant and withstand low fertility levels (fertility 

building pasture or legume crops). Other biological measures can be applied but Farmers may not be willing 

to invest many resources for a low productivity device.  

¶ Control grazing and cut and carry are required. 

STONE FACED/SOIL OR STONE BUNDS WITH RUN-OFF/RUN-ON AREAS (SBRR) 

(1) Slope range and type of soils: for slopes < 3-5% and soil depth above hardpan/rocky area of 50 cm or more. 

(2) Runoff/run-on ratio = ratio of the area yielding runoff (catchment area) and the area receiving runoff (cultivated 

area) range 0.5-1:1 and 1.5:1 (0.5-1.5 run-off/catchment area and 1 run-on/cultivated areas) for stone faced/soil 

bunds and stone bunds. 

(3) Type of bunds: Stone faced/soil or stone bunds are recommended. There are cases where also soil bunds can be 

tried (small plots). In case of soil bunds (rare) ratio should not be higher than 0.5-1:1. 

(4) Size of the area delimited by two bunds: small catchments will harvest runoff even from shorter storms. Each 

cultivated area may be delimited by 20-80m long bunds provided with lateral wings of 5-15m width (see the two 

Figures side by side, Fig. 1 & 2 above). 

(5) Layout of bunds: bunds level along the contours and wing up laterally to evacuate excess water. Depression 

points to be avoided and/or bunds reduced in size and oriented in different directions based on slope. 

(6) Construction criteria/phases: 

­ Soil bunds: only on slopes < 3% (see standard design); 

­ Stone bunds: up to 5% slopes, with strong and large foundation, sealing of the stones is important to reduce 

the flow of runoff through the bund and facilitate the growth of grass; 
­ Stone faced soil bunds: very well compacted and with stone walls placed on both sides of the bund with 

stable angle. The top of the bund is also planted with dry resistant grass species; 
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­ Height of the bunds: at least 60-75 cm, length from 25 to 100 m, bottom width 1.5-2 m and top width 30-

50 cm. The bund has wings as long as the width of the cultivated area (10-15 meters in the example); 

­ Distance between bunds: not exceed 15 to 20 meters within this range of slopes and staggered 

alternatively. Lateral distance 3-5 meters and protected with lines of stones to evacuate excess runoff 

(lateral wings should have a decreasing height in order to be the first to evacuate excess runoff). 
Period of implementation 

across season 

Cost elements and work norm 

Construction during the dry season, 

plantation and composting during wet 

seasons. 

Work norm is same as different bunds: for Small Stone bunds, Narrow 

Stone Lines and Stone bunds with runoff-run-on measures and stone 

faced soil bunds 350 PD/km, and for Soil bunds 210 PD/km are 

applicable 

Management and maintenance 
SSB: 

1. In areas developed for fodder crops, first year crop stocks should be cut half their height and the stubble 

mulched  

2. In case of grass/legume pastures, first year reseeding should be allowed and grass cut after grass seeds reach 
maturity.   

3. To improve water holding capacity of the area and encourage fast growth of pasture ripping is recommended 

(one passage every 1m) followed by 1 ploughing operation.  

4. Sowing of drought resistant legume fodder 

NSL:  

1. Integration is with plantation of drought resistant plants and trees (Acacia species, Parkinsonia aculeata, etc.) 

at specific intervals (2 m) along the stone lines. 
2. Cut and carry and control grazing 

SBRR:  

a) Provision of spillways with drop/apron may be required in addition to the side wings on bunds (for higher 

runoff - run-on ratio, low infiltration, aggressive rainfall, etc.), particularly in case of soil bunds.  

b) Tie-Ridging of the run-on (cultivated areas) along the contours is essential for an even distribution of 

moisture. Every ridge along the contours should be interrupted to allow water to pass through into the next 

furrow (see Figure 2). Apply compost to increase infiltration every year. 

c) Dry resistant trees/shrubs (Acacia species, Aloe sp., Agave sp. etc.) should be planted every 1-2 m along 

the ditch/berm. 

d) Integrated with drought resistant crops (Sorghum, millet, etc.) and legumes. 

e) Mulching of crop residues recommended. 

Benefits and acceptability 
SSB: 1. In settled agriculture small Farmers having difficulties to feed their draught animals or herds are likely to 

be interested in this measure and take care of the reclaimed areas.  

2. This technique may allow to develop large extension of pastures in pastoral and agro-pastoral areas, creating 

“grazing reserves or fodder banks” to use during drought events and/or to restore cattle conditions before selling 
them to markets. This activity combined with multipurpose trees planting (aerial pasture, gums, fruits and dyes) 

such as Zyziphus, Acacia Senegal, Neem, etc., can ensure excellent environmental protection and income 

generation. 

NSL: Productivity of grass can improve considerably in areas with stones and with gentle slopes (max 3-5%). If 

applied over large areas it can control erosion quite significantly and slow down water runoff. Being a semi-
permeable or permeable system, it is not considered as efficient as other systems in similar conditions but cheap. 

SFSBRR: High potential in agro-pastoral areas and in drylands with portions of land out of cultivation. This activity 

may allow large portions of degraded lands to be rehabilitated where cultivation was not considered possible. 

Limitation 
These systems generally require continuous maintenance with a relatively high labor input. 
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Name of the Technology DRY STONE MEASURES (DSM) 
General Description 
Dry Stone Measures (DSMs) follow a catchment approach 

and reduce degradation while preventing gully erosion over 

large areas of land. They reduce the speed of the water, retain 

organic matter and must have a limited water spreading 

effect.  

DSM is semi-permeable and made of stones only. They are 

built in a right angle to the water flow forming a horizontal 

line. A DSM can either span a whole valley or it can be 

constructed in small gullies. 

 
     

Fig 1 Dry stone measures Afar - Chifera 

Geographical extent of use 

Fig.2: Sequence of two dry-stone dams. Sediment and 

water infiltrate, enriching the land above and below the 

dry-stone dams 

DSMs are generally best suited in drier areas and terrains 

with slight lateral slopes. Especially in the early stages of 

degradation such as decreasing yields and biomass or 

biodiversity. Furthermore, the selected gully should not be 

deeper than 1 to 2 meters. Applicable in a broad range of land 

uses, particularly in rangeland area with some level of 

stoniness. 

Technical Design Requirements 

Technical standards: 

¶ DSMs are constructed in a straight line, 90° towards 

the gully 

¶ The ratio between height and width of the structure is 

1:3, however in difficult cases where high water flows 

are expected in can be up to 1:5 

¶ For the front and back wall, the minimum diameter of 

stones is 25 cm 

Filling can be done with smaller gravel and smaller 

stones with a diameter of maximum 10 cm. Cover 

stones should preferably be large and flat 

Layout and Construction Procedures 
Layout: 

¶ Site selection should be done together with the community; Training of communities on DSM necessary. 

¶ Preparation for follow-up on maintenance; Preparation for land use plan 

¶ The distance between two DSMs depends on the level of degradation and slope gradient.  

¶ The height of the DSM should correspond with the bottom level of the upstream DSM. 

¶ Drystone structures are built like a triangle, forming a low wall with a slight inclination towards the hillside and 

decreasing height downstream as figures below show 

¶ Skills in using and placing stones are required. Follow-up on maintenance 

¶ For layout making: Long rope and wooden poles, measuring tape or marked string and spirit level 

¶ Tools: Crow bars, shovels, pick axes, spirit level, sledge hammers and equipment to carry stones like stretcher 

“barella” 

Construction Steps: 

1. Demarcating the position of the DSM that is planned in a straight 

line, at 90° to the gully and using a spirit level. Low and short DSM 

can be done by eye 

2. Before the construction begins at least 50 % of the stones should 

be on site. 

3. Start construction by placing big stones below the rope that is 

demarcating the upper border line of the structure. Big stones have 

an approximate size of 30 by 30 cm. Excavate a small ditch and 

place the big stones into it at the downstream end of the structure. 

Consider for the ditch a distance to the up line with the ratio 

between 1:3 and 1:5 (height: width). 

 
Fg.3: Dry Stone Measures under 

construction 
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4. Smaller stones should be used to fill the structure 

5. Once the planned height is reached cover it with big flat or round 

stones from the top to the bottom 

Fig. 4: Drystone Structure, almost finalized. Community team 

members bring big flat stones to cover the small stones 
Fig. 5: Women are part of the construction as well 

Fig. 6: Transportation of big stones needed for the 

construction 
Fig. 7: Organic matter will sediment and water infiltrates, 

enriching the land above and below the drystone structure 

Cost Elements and Work norm 
Work norms for stone bund construction is applicable for DSM. 350 PD/km (includes from stone collection up to 

construction). 

Limitations  
Availability of stone near by the construction site and the possible destruction by livestocks.   
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Name of the technology PERCOLATION PIT  

General description 
A percolation pit or sometimes called percolation pond is a structure, constructed on any marginal land, pervious soil and 

with the following objectives: 1. Recharge, augment, replenish the groundwater so that the water can be harvested by digging 

hand dug wells, shallow wells, and boreholes too; 2. Enhanced ground water availability for human and livestock use and 

irrigation; 3. Enhances biomass production through improved water availability in the soil profile as water stored in the 

upper 1-3 m of the soil profile can sustain vegetative growth. 4. Reduce runoff and subsequently erosion and land 

degradation. 4. Capturing the runoff by a series of ponds and related structures would retard surface runoff and subsequently 

avert land degradation. 

 
Fig. 1. Function of percolation ponds in capturing runoff and 

recharing of the groundwater to later be used as springs, streams 

and hand dug wells.  

 
Fig. 2. Function of percolation ponds in the capturing of silts. See 

the flood mark from the side of the inner pond and feel the water 

that has soacked instead of being lost as runoff . 

Geographical extent of use 
 Suitable in all areas where there is no drainage problem or where the groundwater table is deep and specifically:  

     1. It is suitable in areas where the ground is pervious 

     2. Can be constructed on any topography with adequate runoff; in series along waterways, marginal lands and gullies 

     3. It should be considered only as an element of an integrated watershed development 

Technical design requirements 

Shape: The design of a percolation pond can be circular or trapezoidal. Trapezoidal is when the perviousness of the whole 

soil profile is uniform. Circular or telescopic is when there is more pervious layer under the top soil layer – See Figure 5. 

Site Selection: On site selection, land use, soil and topography should be assessed; they are more appropriate at the foot 

slopes and digressional points where runoff can be pulled into. Discussing and agreeing with community members on design 

and layout is essential; provide on-the-job training. More specifically, on site selection, it is appropriate to construct 

percolation pit or percolation pond within shallow waterways where runoff can be directed from left and right of the 

catchment and can safely surpass it when it gets filled. The spatial location of a percolation pond can be seen in the scene of 

Figure 3. Abandoned /dried hand-dug wells or shallow wells can be used by renovating and orienting it to percolation pits. 

At outlets of cutoff drains/water ways and at abandoned quarry sites and depressions. The larger the size the better the 

recharge of the groundwater. Minimum spacing between two percolation ponds shall be about 50 meters. 

Layout: Precise layout and follow-up/adaptations required. The pit can be circular, trapezoidal or take the shape of the 

available land. To layout, mark the top 0.5m deep pond, again mark the 2.5m pit, and the 1.5m diameter in – See Figure 

5&6. The depth of the percolation pit can be 3m and above. 

Construction Work: Dig the first 0.5m deep pond with about 3m diameter. Then dig the 2m deep pit with 2.5m diameter. 

Next dig the 1.5m diameter pit. Fill the lower portion of the percolation pit which is ≥ 1m depth with gravel of 4cm diameter 
stone gravel; the next 1m depth with 4cm diameter gravel; the next 50cm depth with 2cm diameter gravel; the next 40cm 

depth with coarse sand; the next 10 and 50cm depth as seen in the telescopic-shape Figure xx to be left for water storing 

until it is soaked in.   
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Figure 3. Spatial location of percolation pits, see there are 

more on footslpe and on gentler grounds than on the hilltop Figure 4. Spatial placement of the waterway /cutoff drain, 

settling basin and the percolation pond /pit 

Figure 5. Telescopic percolation pit layout and section 

/elevation 
Figure 6. Parts of each section filled with filter materials 

Figure 7. Percolation pit in gravely soil - cascaded in a 

waterway 

Figure 8. Percolation pit within a shallow waterway with 

soil embankment and stone paved spillway at the middle 

 Figure 9. Excavation (left), backfilling with small stones and gravel (middle), and placement of coarse sand on top of the 

gravel 
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Period of implementation across season 
Only during the dry season and period not interfering with Agriculture. 

Planning and mobilization requirements 
Farmer groups and communities are trained in proper layout, design and construction; Make sure community agrees on 

groups and individual sharing of degraded hillsides; Discuss and decide the different type of trenches to construct based 

upon what Farmers want and what is more appropriate based on type of soils and depth; If technology not introduced test at 

small scale first. Agreements on use rights and management of treated areas (areas shared amongst individuals, groups or 

managed by community or mixed). See opportunities for land use certificates in protected areas. Arrange working groups 

for maintenance. 

Cost elements and work norm 
Tools: crow bars, pick axes and shovels (1 crow bar: 2 pick axes: 2 shovels ratio, 1 crowbar). For all percolation pits work 

norm includes excavation of soil, carting away the soil and use it for the embankment and its compaction (spillway if it is 

in the waterways). Work norm is 12 to 15 person-days per percolation pit per day including digging, gravel collection, 

backfilling.  

Management and maintenance 
Activities such as spring development, hand dug wells, shallow wells, construction of community ponds, construction of 

trenches and percolation pits, cutoff drains, and artificial waterways can be integrated and managed along percolation pits. 

If the top part is sealed with fine sediments, then scratching it and removing would be required for temporary fresh runoff 

storage. Safety during digging, for depths greater than 3m or so is crucial as collapsing walls can cave in. 

Benefits and acceptability 
Reduction of runoff and sediments. Good for degraded hillsides rehabilitation. Area closure accompanied with percolation 

pits results in good regeneration. Good potential to improve degraded hillsides and flat to gently sloping lands. Is also very 

good for groundwater recharging techniques for replenishment of groundwater and raising the water table. If demonstrated 

properly, acceptability is not a problem, and should be planned and implemented as an integral part of community watershed 

management interventions. Together with other measures percolation pits can significantly improve watershed 

rehabilitation, biomass production and recharging of water tables. Can easily be understood /adopted after demonstration.  

Limitation 
They are labor intensive techniques and can be applied in areas where Farmers /communities are willing.  
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Drainage Management Structures 

Overview 

An agricultural drainage system is a system by which the water level on or in the soil is controlled or regulated 

before the frequent water-logging occurs on the soil surface so that agriculture can benefit from the subsequently 

reduced water levels. The system can be made to ease the flow of water over the soil surface or through the 

underground, which leads to a distinction between ‘surface drainage system’ and ‘subsurface drainage system’ 
(including the tube well or vertical drainage system). Both types of systems need an internal and field drainage 

system which lowers the water level in the field and an external or ‘main drainage system’, which transports the 
water to the outlet. The main drainage water sources are surface water including rainfall runoff, irrigation water, 

and sub surface water source or ground water.  By applying various drainage systems, the water coming from the 

different sources will be removed or disposed-off safely before it creates water-logging and reduces agricultural 

benefits.   

 

Draining fields and removing the excess water has the following major benefits:  

 Controlled removal of surface water (by keeping the required moisture and removing the excess amount) 

 Increases crop yields and vegetation biomass through improving the health of soil  

 Reduces the cost of crop production in otherwise waterlogged land 

 Prevents structural damage to different infrastructures and residences 

 Provides increased aeration in the root zone 

 Deepens the root zone in drained soil and etc. 

 

In general terms, soil and water conservation structures can be designed either to retain or discharge runoff. They 

can also be designed so that part of the runoff is retained but the excess, during heavy storms, is discharged. In areas 

where there is a risk of water-logging at certain times because of the amount of rainfall, slope of the land and/or 

properties of the soil, it is usually necessary to design structures to discharge runoff. However, it is a mistake to 

design structures to discharge runoff if there is no suitable outlet such as a natural waterway, artificial waterway or 

grassed or forested areas around the vicinity.  

 

Discharging runoff onto a footpath, road or existing gully will simply aggravate the problems of erosion. On large-

scale farms it is possible to set aside land for waterways. In densely settled areas this is much more difficult; hence 

it is compulsory to discuss and agree with the concerned community members. Other factors that must be considered 

in reaching a decision, besides the availability of a discharge area or waterway, include the soil type, soil depth, 

land slope, and the risk if any, of retaining water in situ. Soils in higher rainfall areas which are prone to water-

logging (because they are shallow or because of the clay content), normally require structures that will drain water.  

 

As mentioned above there are surface and subsurface drainage systems which can be applied on a field to drain 

excess water/runoff. Some of the technologies particularly, the subsurface techniques are so expensive and difficult 

to be executed by communities and other land users. Whereas, the surface drainage systems are relatively cheaper 

compared to the subsurface techniques, and the working procedures are not as such complex to be understood by 

communities.  

 

The purpose here is not to elaborate in detail and describe about all drainage systems mentioned; rather it is to 

concentrate more on surface drainage systems which are usually applied in sloppy and relatively flat lands that have 

soils with a low or medium infiltration capacity, or in lands with high-intensity rainfalls that exceed the normal 

infiltration capacity. Properly managing and draining the excess runoff before it devastates the landscape is the joint 

responsibility of the land users, officials and experts. Implementing different surface drainage control structures 

http://en.wikipedia.org/wiki/Infiltration_capacity
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like cutoff drains, waterways in all the areas where they are required is therefore should be taken seriously and 

applied at large scale.  

 

Currently a due focus is given by concerned professionals to introduce and adapt various improved drainage control 

structures like waterways, and cutoff drains which serve to drain or harvest surplus runoff. Therefore, this thematic 

area of info-tech is included for guiding implementers at grass root level. This guideline includes the technical 

details of the two major surface drainage structures applicable in pastoral areas:  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1. Waterway 

2. Cutoff drain 
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Name of the technology WATERWAY 

General description 
A waterway is a natural or artificial drainage channel along the 

steepest slope or in the valley used to discharge runoff. An 

artificial waterway is a drainage structure that can receive and 

dispose excess runoff from cutoff drains and graded terraces to 

the natural watercourse, percolation & water harvesting 

structures. Waterways are needed to conduct runoff safely from 

hill slopes to valley bottoms where it can join a stream or river. 

Where there is a natural depression or small valley that is well 

stabilized with vegetation this may be adequate to take the 

discharge from diversion ditches or graded terraces, but where 

there is no such natural waterway, an artificial waterway 

(drainage way) must be installed. In areas where stone is available 

the waterways will be paved to protect it from scouring. Whereas, 

a vegetative waterway can be constructed in areas without stones. 

 

Fig. 1 Grass paved waterway  

Geographical extent of use 
Waterways are applicable in all agro-climatic conditions, particularly in moist areas and areas prone to water logging. They 

are constructed following depressions or natural waterways and farm boundaries. Traditional drainage ditches and waterways 

are common in many parts of Ethiopia. The use of grass vegetation in waterways is commonly practiced locally by 

communities.  

Technical design steps/ requirements 
There are many factors to be considered in designing vegetative 

or paved waterways:   

¶ Slope: The slope of a waterway is normally the slope of the 

land at right angles to the contour. Vegetative waterways are 

recommended for slopes < 10% and stone paved waterways can 

be implemented up to 20-25%. 

¶ Shape: Choose parabolic cross section for types of waterways 

as this tends to resemble natural waterway.  

¶ Size: The waterway must have sufficient width and depth to 

accommodate the expected runoff volume. Several small 

waterways are preferred than one very large one, and the 

waterways should be close enough to each other to avoid the 

terraces being excessively long. 

¶ Freeboard: Waterway designs are normally based on the peak 

run-off expected in a ten-year return period, but to provide for 

exceptional conditions, a safety margin (freeboard) is added by 

increasing the design depth by 25% for vegetative waterways 

and 10% for stone-paved waterways. 

¶ Channel roughness: The rougher the surface over which water 

flows, the greater the resistance to flow. The velocity of water 

in a channel can be reduced by making it wider and shallower 

(i.e. lowering the hydraulic radius) or by making the surface 

rougher. One of the ways of making the surface rougher is by 

planting grasses. A tall grass will provide more resistance to 

flow than a short one, although the resistance will be lowered 

if it is pushed over and flattened during heavy run-off. A rough 

stone surface will provide more resistance than a smooth 

concrete surface. To dissipate the energy of runoff in the 

channel, drop structures which could be constructed from stone 

and wood can be installed a certain distance along the way. 

 

 

 
 

Layout and construction procedures 



 
37 

The preliminary position of a waterway should be 

determined from a reconnaissance field survey. Where 

possible, the waterway should be located in a natural 

depression or drainage way. After the waterway has been 

staked out, construction can start from the lower end by 

excavating soil from the center and throwing it to each side 

to form the banks. As soon as digging is complete, the 

waterway should be lined by planting a suitable spreading 

grass, or with stone or a combination of grass and stone. The 

process of excavation may expose less fertile sub-soil and, 

if so, it is advisable to use manure and mulch to ensure quick 

establishment of the grass. When constructing waterways 

the embankments on both sides have to be compacted very 

well (upper figure). Sometime, waterways can be 

constructed in sloping lands where embankment is required 

on one side only (lower figure). 
 

Period of implementation across season Planning and mobilization requirements 

Waterways are constructed only during the dry seasons. In 

order to assure their stabilization, they need to be 

constructed one or two seasons before the construction of 

cutoff drains. In area where there is an adequate stone for 

construction of water guide, channel pavement, scour 

checks and drops structures, both waterway and cutoff 

drains can be constructed in the same season.  

The site where the waterway is to be constructed need to be 

discussed and agreed among community members. To have 

enough space for the waterway, land users may contribute 

some patches which require their consent and willingness.  

The overall construction will be carried out with a shared labor 

from the community. 

 

Cost elements and work norm Integration and management requirement 
The work norm for waterway construction 

includes the following elements: 

¶ Precise layout 

¶ Removal of grasses from place of 

embankment 

¶ Excavation of soil and preparing 

channel 

¶ Shaping and compaction of 

embankment 

¶ Collection and transportation of stones 

¶ Provision of scour checks and drop 

structures 

¶ Planting with grass and other 

vegetative materials 

The existing experiences in Ethiopia indicate that 

having the above work norm elements in mind, 5 

m3 vegetative water way requires 7PD (5M3 

/7PD). Whereas, 3.75 m3 stone paved waterway 

demands 7PD (7PD/3.75m3). 

¶ Waterways need to be linked to field drainage diches and cutoff 

drains. Sinkholes have to be constructed within 4 - 6 m intervals 

along the channel of the waterway 

¶ Maintenance is important, and the waterway should be inspected 

after every heavy storm, especially during the first year while the 

vegetative cover is being established. Any damage should be 

repaired immediately.  

¶ Where the cutoff drains/waterways are either under designed or 

silted up they could be a cause of severe erosion by an incoming 

flood as it undermines them. Thus, this fact calls for the proper 

design and maintenance of the channel. 

¶ Similarly, stabilizing the embankments and planting the channel bed 

should be considered as an important parameter to keep the stability 

of the structure. 

¶ Drainage management structures, particularly, waterways have to be 

integrated with water harvesting schemes. The excess water which 

is drained by drainage structures need to be harvested in ponds and 

also allowed to percolate into the groundwater table for recharging. 

Benefits and acceptability Limitation 
In areas where cutoff drains and other traditional drainage 

ditches are constructed, the land users are safeguarded from 

excessive runoff and able to drain it safely harvest the 

excess water.  

¶ Failure to construct proper waterways to take run-off from 

roads has led to the formation of many gullies on 

rangelands.  
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Name of the technology CUTOFF DRAIN 

General description 
A cutoff drain/ diversion ditch is a graded channel constructed to 

intercept and divert the surface runoff from higher ground/slopes 

and protect downstream rangeland, village, agricultural 

infrastructures like irrigation headwork, roads and active gully 

heads. Cutoff drain safely diverts the runoff to a natural or artificial 

waterway, river, or run on areas.  

 

 In the drylands, cutoff drains may be used mainly for the following 

purpose: 

¶ Protect cultivated land from runoff generated from sparse forest 

land or degraded grazing land, steep slopes, etc. 

¶ Divert additional water to cultivate plots.  

¶ Divert additional water to sediment storage dams and grassland 

areas  

¶ Divert additional water into reservoirs for irrigation and/or 

domestic uses (including water supply for livestock). 

  

Geographical extent of use 
Cutoff drains are most suitable in areas where there is medium to high rainfall distribution but they can be also used in dry 

areas to protect cultivated lands and irrigation schemes, and divert runoff into run-on areas, for example reservoirs and 

rangelands. The location of a diversion ditch should be determined after checking the outlet conditions, topography, land 

use, soil type and length of slope. If it is intended to protect cropland against runoff from adjoining non-arable land, it should 

be constructed at the boundary between the two land uses where there is a slope change. Ditches in this situation are usually 

referred to as cutoff drains. When diverting water away from the head of a gully, the diversion ditch should be constructed 

far enough above the gully head so that stable slopes will still exist even if some slopping or sloughing of the gully head 

takes place.     

Technical design steps/ requirements 
The design of any structure to retain or discharge 

runoff should be based on a reasonable estimate of the 

volume of runoff (m3) to be retained or on the peak 

rate of runoff (m3/s) to be discharged respectively. 

Usually the design of graded structures like cutoff 

drains will be based on the heaviest storm that can be 

expected in a given period (10 years). Accordingly, in 

order to prepare a feasible design of a cutoff drain the 

following steps are required: 

¶ Estimate the runoff rate of the upper catchment 

using Rational or Cooks methods as described in 

the Annex 1.  

¶ Select maximum allowable velocities which can 

fit to the soil and cover condition of the channel. 

¶ Decide the channel gradient which will not bring 

scouring and allow siltation. 

¶ Determine permissible depth of flow, its bottom 

and top widths. 

¶ Check if the dimensions given can accommodate 

the discharge which is coming into the channel. 

¶ Estimation of catchment runoff is given in Annex 

1 of info-techs.  

¶ For channel size determination see Annex 4.  
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Layout and construction procedures 
¶ As per the selected channel gradient, lay out graded line.  

¶ While making graded line, put pegs at interval of 10 m along the 

central line of the drainage channel (through ‘o’ in the graphics) 

¶ Depending on the width of the channel, two rows of pegs should 

be erected following the graded contour along ‘MN’ and ‘PQ’ 

¶ The distance between NO and OP is equal and it gives the bottom 

width of the channel.  

¶ The distance between MN and PQ could also be equal if the same 

side slope is chosen for both. But if the side slopes are not the same 

then they are not equal. 

¶ First start digging of a rectangular section (NRSP) whose top width 

is equal to the bottom width of the channel to the level of the 

designed depth  

¶  The excavated soil should be throw downhill and form a well 

compacted embankment by leaving 15-30 cm berm space to avoid 

the moving back of the soil.  

¶ Depending on the side slopes used, shape the sidewall of the 

channel. When the sidewalls are shaped in a straight inclined line 

then you have a trapezoidal cross section shown as MRSQ  

¶ After completing the digging of the channel, depth, width and the 

gradient should be rechecked and corrected if any problem is 

observed.  

¶ Reinforce properly around the outlet. A good grass cover should 

be established on the embankment to stabilize it. 

 

 

 

Period of implementation across season Planning and mobilization requirements 
Cutoff drains are constructed preferably during the dry seasons/period 

not interfering with activities of agriculture and/or normal/customary 

mobility and when the conditions are good for stabilizing the 

structure. If possible, it is good to carry out the construction just 

before the small rainy season because it stimulates the growth of 

grasses and immediately stabilizes the channel’s embankments. 

It is always important to discuss with community 

members and establish agreement before starting 

construction. The community members need to be 

convinced to contribute labour and materials for the 

lay-out and construction process. 

Cost elements and work norm Integration and management requirement 
The cost elements for cutoff drain construction are 

related to its precise layout, removal of grass from where 

it is going to be established, excavating soil, shaping and 

compaction of embankment, provision of scour checks 

and planting with grasses. The average work norm for 

pastoral area is 0.5M3/PD.  

A cutoff drain should be linked with a waterway 

(natural/artificial) for safely diverting of the runoff. It requires a 

regular follow-up and supervision by communities and concerned 

experts for any maintenance and upgrading if damage happens by 

any case.   

Benefits and acceptability Limitation 

Now a-days, community members in many areas have understood the contribution 

of cutoff drains in managing runoff. Hence, the practice has high acceptability by 

land users. Consequently, the traditional runoff diversion measures that 

communities have been used for years are improving in quality of design and 

construction. 

If a cutoff drain breaks because of poor 

layout and construction, it will have a 

devastating effect to the downstream 

areas. Gullies may develop from it.  
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Gully Rehabilitation Technologies 
 Overview  

Gully formation: Gully erosion is the erosion process whereby water concentrates in narrow channels and over 

short periods removes the soil. Gully erosion produces channels larger than rills. As the volume of concentrated 

water increases and attains more velocity on slopes, it enlarges the rills into gullies. Gully can also originate from 

any depression such as cattle trails, footpaths, cart tracks, and traditional furrows and indicates neglect of land over 

long period of time. Gullies are more frequently found on bush and grasslands than on cultivated lands because rills 

on cultivated lands are removed by plowing and other recurrent cultivation measures. However, these rills continue 

to enlarge on grazing lands and forest areas. Nowadays, even in cultivated areas, the number and size of gullies are 

increasing due to several factors of which traditional ditches, which Farmers are constructing for draining excess 

moisture and runoff are the main ones. Gullies are mostly initiated during unique erosive storms. Once such gullies 

are formed, they tend to become further enlarged in subsequent rainfall seasons. 

 

  
                          Figure: Gully erosion (land devastation) in lowland areas of Ethiopia  

Causes of gully formation: It is difficult to achieve gully stabilization without a full understanding of the causes of 

gully formation, gully erosion processes or stages of gully development. Otherwise, it would be risky because 

expensive measures taken would be unnecessary or ineffective. Gullies are established by the deepening of rills 

(hydraulic process where erosive force of flow exceed resisting force) and slumping of side slopes (geotechnical 

process where gravitational force exceed resisting force) through the shearing effect of concentrated overland flow. 

Also, increase in pore-water pressure, and decrease in soil strength along seepage line close to the streams and 

rivers, and slumping due to excessive formation of tunnel or pipe flow can contribute to gully occurrence. Once 

gullies are established, they form permanent locations for discharging concentrated overland flow. Consequently, 

progressive deepening and widening of the gully continues until the gully has adjusted to a new set of equilibrium 

conditions.  

Gully development stages: After its initial incision, a gully usually extends backwards and sideways through the 

development of secondary gullies. Gully erosion is caused by head-ward advance, upstream migration of secondary 

nick points, widening of the gully channel by slumping and mass soil movement, and deepening by mobilizing or 

transporting sediments from the gully floor. Generally, a gully develops in three distinct stages; waterfall erosion 

around gully head; channel erosion along the gully bed; and landslide erosion on gully banks. Correct gully control 

measures must be determined according to these forms of gully erosion, gully development stages and locations. 

Gully treatment: As gully control can be an expensive undertaking, prevention is always better than cure. Gully 

formation is often a symptom of land misuse and can be prevented by good land husbandry according to land 
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capability. Planning of any infrastructural development should take into consideration the safe disposal of the runoff 

water. In gully control, the following three methods must be applied in order of priority:  

(a) Improvement of gully catchments to reduce and regulate the run-off volume and peak rates;  

(b) Diversion of runoff water upstream of the gully area where the condition permits;  

(c) Stabilization of gullies by structural measures and accompanying re-vegetation.  

In some areas, the first and/or second methods may be sufficient to stabilize small or incipient gullies. In some other 

areas which receive large rains, all three methods may have to be used for successful gully control. Runoff control 

is the first, foremost and effective way of gully control. If runoff entering a gully can be controlled, then it is possible 

to grow vegetation in the gully. Stabilization of gullies involves the use of appropriate structural and vegetative 

measures around the head, floor and sides of the gully. Once gullies have begun to form, however, they must be 

treated as soon as possible, to minimize further damage and restore stability. There are a multitude of physical and 

biological techniques which can be applied for effective gully treatment. The combination of the two measures (bio-

physical approach) is the best solution for effective gully control and for productive use of the gully area. The 

construction of gully physical structures will be followed by the establishment of biological measures. The natural 

regeneration which is coming after the gullies are protected and enclosed should also be considered in the overall 

rehabilitation scheme.  

Integrated gully development practices: To obtain satisfactory results from physical and biological measures, it is 

vital to understand the nature of the whole gully system/network in the catchment and properly diagnosis the 

different parts in the gully section: the gully bed, gully sidewall and gully offset. Overall, stabilized watershed 

slopes are the best assurance for the continued functioning of gully control structures. Therefore, attention must 

always be given to keeping the gully catchment well vegetated. If this fails, the biophysical gully control measures 

which are executed with huge investment will fail as well. Accordingly, the rest of this section is dedicated to basic 

gully treatment measures. Some of the most common physical and biological gully treatment measures which have 

been proven for their effectiveness are explained with elaborations using pictures and graphics for more in-depth 

understanding. The selection of type of gully measures rely on gully geomorphology and erosive nature of the flow. 

The gully rehabilitation technologies presented as info-techs are: 

    

 

 

 

 

 

 

 

 

 

 

 

1. Gully wall reshaping 

2. Loose-stone check dam  

3. Gabion check-dam  

4. Brushwood check-dam 

5. Sandbag check-dam 

6. Sediment Storage Dam (SSD) 

7. Use of Vegetation (Biological Conservation) for Gully Control 

8. River bank-stabilization 
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Name of the technology GULLY WALL RESHAPING  

General Description 
Gully wall reshaping is cutting off steep slopes of active 

gully flanks in to gentle slope (minimum at 45 degree 

slope), up to two-third of the total depth of the gully and 

constructing small trenches along contours for re-

vegetating  slanted part of the gully walls and beds.  

If the gully is wide and has meandering nature with 

huge accumulation of runoff flowing down, cutoff soils 

and soil materials can be washed away by runoff water 

and requires constructing of retaining walls, to protect 

disturbed (not yet stabilized) soils and soil materials 

and newly created sidewalls of the reshaped gully.  

The main purposes of gully wall reshaping are: 

→ Modification of  the unstable gully sides and reduce 

severe erosion; 

→ Stabilization of gullies quickly especially if the 

surface water is diverted and livestock are kept out; 

and 

→ Help to use the reshaped gully area for plantations 

and cultivation and makes the land productive  

 

Geographical Extent of Use 
Gully wall reshaping is a suitable technology for all agro-climatic conditions. This measure is common in small and medium 

gullies. Traditional and recently introduced gully reshaping and re-vegetation efforts are found in different areas with 

promising results. Combined with other watershed rehabilitation efforts, this measure is highly suitable to reclaime gullies 

and to change them into productive use. Reshaping can be used for treatment of gullies of different dimensions if properly 

integrated with other gully rehabilitation measures. In dry areas it need to be always combined with physical measures. 

Technical Procedures to be Followed 
→ Control and/or divert the flow above the gully 

head 

→ Construct supporting check-dams and 

retaining walls, if it is necessary 

→ Control the gully head and the side banks by 

cutting & filling  

→ The soil should be well compacted 

→ The filling operation should be done before 

the rains 

→ After reshaping, moisture harvesting 

structures can be constructed to hold moisture 

and to make it suitable for growing of trees  

→ To protect it from erosion, densely growing 

plants should be planted or seeded 

immediately 

→ Protecting livestock interference and apply cut 

and carry system. 

 

Layout and construction procedures 
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→ Make a contour line along the bottom of the gully 

side wall for constructing the retaining wall,  

→ The reshaping of the steep gully sides should be 

done in one to one proportion (1 horizontal:1 

vertical minimum) by cutting the soil at 45 degree 

and filling to make it suitable for planting.  

→ Following contour lines construct trenches, micro-

basins, along the reshaped gully sidewall.  

→ The gully edges adjacent to the fields should be 

stabilized with deep and strong rooting trees and 

vegetation (Sisal, Acacias, etc) to impede the 

widening of the gully   

Period of implementation 

across season 
Planning and mobilization requirements 

→ The reshaping and filling operation 

should be done before the rains 

→ The entire work of shaping and 

filling should be done in one 

operation 

 

 

The reshaping and filling of gullies should be planned as part and parcel of the 

overall gully rehabilitation scheme of an area. Gully reshaping and filling requires 

buffering of some patches around. The size of the gully buffer areas (to be protected 

from further disturbance), management practices to be employed, use of collective 

labor, type of benefits generated from treated gullies, and equitable sharing should 

be discussed with community members or land owners ahead and hence common 

understanding should be established. The excavation and soil moving tasks need to 

mobilize a significant labor and hand tools.  

Cost Elements and Work Norm Integration and Management Requirement 
The work norm for gully sidewall reshaping is 5 m3/7PD and 

includes excavation, soil moving and filling, shaping and 

compaction. In addition, to construct retaining wall 7 PD is 

required for every 25-linear meter (25 m/7PD).  

 

→ Exclude cattle throughout the year and introduce cut 

and carry system.   

→ Leave a minimum of three to five meters buffer zone 

(offset) to avoid livestock and human interference for 

better and quick rehabilitation of a treated gully. 

→ Gully wall reshaping needs to be combined with other 

physical measures (check-dams, retaining wall and 

moisture harvesting structures, particularly in dry 

areas) and biological practices. 

→ Re-vegetation activity should consider plant species 

that could stabilize the gully and bring immediate 

benefit to the Farmers and improve their livelihoods 

→ The gully sides should be planted with a mixture of 

creeping and drought resistance grasses, trees and 

shrubs. In gullies where pore water pressure/piping is 

the main cause, plant gully sides with water loving 

plant species.  

Benefits and Acceptability Limitations 
The technique is relatively cheaper 

compared to other gully rehabilitation 

measures. Once it is understood by 

Farmers, it can be carried out by family 

labour and can be an ideal solution to 

reclaim small gullies before they are 

turned to be bigger.   

It is not easy to be successful by this method if applied in large gullies. Even in 

medium and small gullies, the reshaped area can be eroded by runoff coming 

from laterals (if not diverted or protected ahead). In most cases, the use of this 

technique is limited in areas where there is shortage of rainfall. In some cases, 

subsoils may not be suitable to grow plants. Reshaping is labour consuming and 

hence the reshaped are has to be planted with economical crops for the task to 

be rewarding for communities. 
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Name of the technology         LOOSE STONE CHECK-DAM 

General Description 
Loose stone check-dam is a structure 

made of relatively small rocks and 

placed across the gully or small 

stream, which reduces the velocity of 

runoff and prevents the deepening and 

widening of the gully. Sediments 

accumulated behind this check-dam 

could be planted with crops or 

trees/shrubs, grasses and thus provide 

additional income to the farmer.  The 

main purpose here is to stabilize and 

rehabilitate gullies and convert into 

productive land. 

  
Fig. 1 Community participation in Gully rehabilitation in Afar, Pictures from AIDLM 

Project report (let) and loose stone checkdam Somali region Karamar 

Geographical Extent of Use 
Loose stone check-dams can be applied in any situation provided stones are available. It is more suitable and preferable on 

stable soils with less sliding/swelling or cracking behavior. It is commonly used to check gullies on highly eroded grazing 

and cultivated lands and hillsides. It is not suitable for large gullies without catchment treatment and other protection 

measures. Loose stone check-dams could be constructed in a wide range of conditions: 

¶ In small gullies serving a large one in a gully network;  

¶ As stone outlets for traditional or newly constructed bunds or terraces which are unable to accommodate all 

runoff; and as a silt trap before a water pond (water harvesting structure) 

Technical Design Steps/Requirements 

¶ Bottom key and foundation; 0.5 m deep 

¶ Side key: 0.5 – 1 m on each side 

¶ Height: 1 – 1.5 m excluding the foundation, mostly 1 m is sufficing 

to avoid failures 

¶ Base width: 1 m – 3. 5 m 

¶ Spill way (trapezoidal/parabolic): 0.25 – 0.5 m permissible depth 

and 0.25 m free board; and width of 0.5 – 1.2 m. 

¶ Apron length should be at least 1.5 times of the effective height of 

the check-dam and as wide as the gully bed. 

¶ The apron should be placed in an excavation of about 0.3 – 0.5 m to 

ensure stability and prevent wash away. A sill of about 15 cm should 

be constructed on the lower end of the apron.  

¶ Proper spacing between the successive dams should be ensured (For 

successive checkdam spacing refer Annex 7of Technologies)              

Layout and Construction Procedures 
¶ Identify appropriate location in the gully where the bed slope is < 5 %, 

soil depth > 50 cm and relatively wider locations of the gully. Cross-

sections of gullies where the reservoir level requirement is not more than 

1.5 meter is appropriate. Avoid locations where the gully is 

meandering/turning  

¶ Collect stones necessary for the construction of the check dam. 

¶ Peg and tie a string marking base width on the floor across the gully bed 

¶ Excavate the foundation and place stones such that they interlock easily  

¶ Construct the loose stone to a height of 1 – 1.5 m excluding the 

foundation. Construct a side key and a parabolic spillway 

¶ Construct apron on the downstream side of the check dam to protect the 

dam from undercutting and include a sill on the lower end of the apron. 
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Period of Implementation Across Season Planning and Mobilization Requirements 

The appropriate construction time for loose stone 

check-dam is during the dry season and period not 

interfering with land preparation or with activities of 

agriculture and/or normal/customary mobility. But, 

minor maintenance works can also be handled during 

rainy season too.  

Planning for check-dam construction follows community/groups 

and individual owners’ discussions/agreement on site selection and 

management requirements. The collection of stone and the whole 

construction process demands mobilizing of the available local 

labor. 

Integration and Management Requirement Cost Elements and Work Norm 

¶ Loose stone check-dams require regular follow-up and maintenance. 

¶ Upgrading or rising of the check-dam may be required after one year 

¶ Gully protection/closure is important for quick recovery of vegetation. 

¶ Check-dams are integrated with plantation, reshaping and stabilization of 

gully sides.  

¶ It is important to plug the scouring places with jut bag after every runoff, 

until it is fully sedimented up to the reservoir level 

¶ Covering the upstream wall and the crest with bamboo-mat stabilizes it. 

  

The work norm involves: 

¶  Stone collection and excavation of 

foundations/key and apron  

¶ Proper placement of check-dams and 

drop/apron structures.  

All the norm elements together require 2.5 

m3/7PD.  

 

 
Gully construction – community mobilization and 

contribution in Somali region - Karamara 

Benefits and Acceptability Limitations 

¶ Reduced erosion and accumulated soil sediments used for re-vegetation 

¶ Gullies could be reclaimed for production of trees (including fruits) and crops. 

¶ Gullies control run-off and conserve moisture in the soil that give rise for springs at 

downstream sites. 

¶ In Ethiopia, large tract of farmlands and grazing areas are reclaimed with the 

application of loose stone check-dams.  

¶ Because of its low cost (only local labor) and relatively its simplicity during 

construction, most land users are experienced with the measure. 

¶ The size and volume of work varies as per the size of the gully and availability of stone 

nearby. Hence, Farmers can construct any size of a loose stone check-dam as per their 

labor capacity and availability of stone material. Gradually, the size of the check-dam 

can increase through regular maintenance and upgrading.  

¶ Stone check-dams are 

effective to plug small 

gullies and are not very 

convenient for large gullies. 

¶ They are constructed only in 

places where there is stone.  

¶ Loose stone check-dams are 

not effective for moisture 

harvesting as the water 

passes through the 

voids/openings 
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Name of the technology GABION CHECK-DAM 

General Description 
Gabions are rectangular boxes of varying sizes and are mostly made of 

galvanized steel wire woven into mesh. The boxes are tied together with 

wire and then filled with either stone or soil material and placed as 

building blocks. Gabions are filled in situ and as they are very heavy they 

will not be washed away provided they have been correctly installed. The 

purpose is to stabilize and rehabilitate gullies and convert gullies into 

productive land. 

The main advantages of gabion check-dams are that they are tough and 

long lasting provided that the wire has been well galvanized. Furthermore, 

they are somewhat flexible and can be installed where the surface is 

uneven. They can be used to stabilize gully sides, gully heads, roadside 

embankments, river banks and even landslips. 
 

Fig. 1 Gabion Checkdam – Somali karamara 

Geographical Extent of Use 
Gabion check-dams are suitable in all kinds of agro-ecologies where gullies are formed and extended. Gabions can be 

constructed with stone in area where stone is available. In areas where stones are not available it can also be made with 

soil/sand filled bags together with plantations. Installing gabions is not a substitute for land misuse and, if the land is denuded, 

installing gabions will not solve the problem unless vegetation cover restored. Gabion-check dams are commonly used to 

check large gullies on highly eroded grazing and cultivated lands and hillsides combined with catchment treatment and 

protection. Gabion check-dam could be used in a wide range of conditions: to treat big gullies, to construct retaining walls 

on gully/river banks, to make fords for access roads and to strengthen irrigation structures. 

Design Considerations to Build a Gabion Check-dam 
¶ Gabion check-dams are built usually not higher than 1.5 m 

spillway height in the first year. After sediments have been 

deposited behind the structure, it is possible to raise the 

spillway height by adding additional gabion boxes. The 

foundation, apron, side key and spillway are the important 

parameters to be considered during designing of gabion 

check-dams.  

 

¶ If stone is not available in close proximity, the gabion boxes 

can be matted (covered) in the inner part with plastic sheet 

and then filled with soil material. This will serve the purpose 

of stone filled gabion check-dam if properly constructed 

following design specifications (see picture on the right). 

The 

sele

ctio

n of 

Gabion 

size (m3) 

 

2.5 

mm 

wire 

3.5 

mm 

wire 

Tying 

wire 

(kg) 

Share of 

each size 

during 
1. 2 x 1 x 1  12.0  2.3  0.6  60 

2. 2 x 1 x 

0.5  

8.5  1.7  0.5  20 

3. 1 x 1 x 1  7.0  1.5  0.4  15 

4. 1 x 1 x 

0.5 

3.4  0.9  0.3  5 
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Layout and Construction Procedures 
¶ The foundation depth (key trench) should not be less than 30 - 50 

cm  

¶ The foundation width is 1m and the structure should be plugged 

0.5 - 1 meter to each side of the gully wall /abutment/ right up to 

the height of the dam.  

¶ Construct apron from downstream side of the structure with a 

foundation of 30cm from a dry stone or with a gabion box with a 

width of 1.5 times the reservoir level. 

¶ The spillway should be adequate to allow the peak flows, without 

overtopping the dam (see annex 6 for details). 

¶ Stones to be used for filling the gabions should be, hard and of 

sufficient size and should be placed tightly together  

¶ Gabions should be constructed on spots where the soil depth is 

higher, preferably in a wider part of the gully next after a series of 

loose stone check-dams 

¶ It is neither necessary nor economical to build a series of gabion 

check-dams to control channel erosion along the gully beds. 

¶ Gabions need to be closed by using large spanners (closers) and 

should be wired together 

¶ If there is more than one layer of boxes in a gabion-check dam, 

the ones in the upper layer must be laced to those below. A strong 

inter-connection of all units is an important feature of the 

technique. Therefore, it is essential that the lacing is done 

correctly. 

 

 

Period of Implementation Across Season Planning and Mobilization Requirements 
The construction of gabion check-dam is labor demanding.  

Therefore, the construction time should fit to the time when 

pastoralists properly settled so that they can avail labor as 

required. The preparation of various sizes of gabion boxes, 

tie wire and closing equipment should be prepared in time 

in order to ensure smooth implementation process during 

the actual work. There may be small maintenance works 

that could be undertaken during the rainy season.  

The collection of stone and the whole construction process 

demands mobilizing of the available local labor. As a result, 

the community members: those who have land around the 

gully and those who will be getting direct and indirect benefit 

from the rehabilitation work shall discuss together and agree 

on the labor contribution. To manage the rehabilitation work 

efficiently, a community-based gully rehabilitation action plan 

need to be prepared and communicated to all concerned. 

Cost elements and Work Norm 
Integration and Management 

Requirement 
The work norm includes stone collection, foundations/key excavation and 

proper placement of gabion boxes, stones filling and construction of 

drop/apron structures. The placement of stones in the gabion box requires 

skill and experience. Hence the overall work norm is 1.25m3/7PD. In 

terms of labor, gabion structure is expensive. Cost of materials (gabion 

box and tie-wire) have to be considered here. 

The gabion structures are stronger compared to 

other types of check-dams. But their 

effectiveness depends on the overall upper 

catchment treatment and integration of 

technologies in a gully. In this regard, planting 

the gully sections with appropriate species is 

vital for successful rehabilitation of a gully.  

Benefits and Acceptability Limitations 
The gabion check-dams are beneficial particularly for rehabilitating 

medium and large gullies. As such check-dams are going to be constructed 

in locations where there is a good pounding area upstream, patches of 

lands can be created on which economical crops and vegetation can be 

planted. The contribution of gabion-check-dams for recharging streams 

and water harvesting in a gully is also an important benefit to be 

considered. 

 

¶ The major limitation of these types of check-

dams is their high cost in relation to the 

gabion boxes which cannot be afforded by 

small holder Farmers.  

¶ On the other side, if such structures are 

destroyed by runoff (running water in the 

gully) the damage could be even worse than 

before treatment.  

 



 
48 

Name of the technology BRUSHWOOD CHECK-DAM 

General Description 
Brushwood check-dams made of posts and brushes are placed 

across the gully. The main objective of brushwood check-dams is 

to hold fine material carried by flowing water in the gully and 

stabilize active small gullies. Brushwood check-dams are 

temporary structures and should not be used to treat ongoing 

problems such as concentrated run-off from roads or cultivated 

fields. They can be employed in connection with land use changes 

such as reforestation or improved range management until 

vegetative and slope treatment measures become effective. It can 

be constructed by vegetative materials and twigs. Plant species 

which can easily grow vegetative through cuttings are ideal for 

the purpose.  
 

Geographical Extent of Use 
Brush wood check-dams are suitable or applicable for all land use type and agro-ecologies. In drier places it needs to be 

combined with stone check dams. It is also recommended along farm boundaries affected by small gullies. These types of 

structures are possibly constructed where there is sufficient wood resource and gully control is worth compared to 

conservation of woody materials. The structure can stabilize small gully heads, not deeper than one meter. However, it is not 

suitable for gullies which are large enough and have high pick runoff rate. In the gullies which are large enough and have 

high pick runoff rate, the utilization of brush wood check-dams is very limited.  

Technical Design Steps/ Requirements 

¶ In areas where the soil in the gully is deep enough, 

brushwood check-dams can be used if proper 

construction is assured. 

¶  The gradient of the gully channel may vary from 5 to 

12 percent, but the gully catchment area should not be 

as such huge which produces high amount of runoff 

volume.  

¶ There are two types of brushwood check-dams: these 

are single row and double row brush wood check-dams.  

¶ The type chosen for a particular site depends on the 

amount and kind of brush available and on the rate and 

volume of runoff.  

¶ Single row brushwood check-dam can be used where 

the flow of runoff is less than 0.5 m3/sec. whereas, 

double row is used in gullies having runoff rate of up to 

1 m3/sec. 

¶ Whatever sort is used, the spillway crest of the dam 

must be kept lower than the ends (on both sides), 

allowing water to flow over the dam rather than around 

it.  

¶ The maximum height of the dam is one meter from the 

ground (effective height).  

¶ Before construction begins, wooden poles and branches 

required should be prepared. The specific locations in a 

gully where brushwood check-dams can be constructed 

(wider portions) have to be identified. 
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Layout and Construction Procedures 

→ Single row check-dams: 

Å Live posts of diameter 8 – 10 cm should be used 

Å Thicker branches are used as vertical posts driven in to the soil to 

about 50 cm - 1 m (1/3 to 1/2 of the post length) depth and spaced 

about 30 to 50 cm apart. The posts will have a length of 1 – 2 m.  

Å  The space between the posts will depend upon the height of the 

check-dam. The higher the dam, the closer will be the distance 

between the posts.  

Å Thin branches will be interwoven with the vertical posts 

→ Double-row brushwood check-dams 

¶ Two rows of posts, 5 -10 cm in diameter and 1 - 2 m in length are 

placed into the holes, across the floor of the gully to a depth of 0.5 – 

0.6 m. The spacing between the posts is 0.5 m. 

¶ Brushwood or branches are packed between the posts.  

¶ The height of the posts in the center should not exceed the height of 

the spillway otherwise the flow will be blocked, and water may be 

forced to move to the gully sides.  

→ Other specifications for brushwood check-dams  

¶ The choice for post brush check-dam must be made after careful 

examination of material availability in the near vicinity.  

¶ Brush wood check-dams particularly single rowed ones can be 

strengthened with bamboo mat or sand filled bags on the upstream 

part to serve as a shock absorber and to dissipate the runoff energy 

during pick flows.  

¶ Any tree or shrub species can be used as posts. But the wooden posts 

should be rot resistance and termite proof 

¶ To avoid the brushwood being removed by flowing water, it is 

necessary to fix the brushwood and twigs/branches together with 

rope, wire or nail. 

¶ The ends of interlink materials should enter at least 50 cm into the 

sides of the gully.  

 

 

Period of Implementation Across Season Planning and Mobilization  
If vegetative propagating species are selected as post and interlink 

materials, brushwood check-dams can be constructed when the soil in 

the gully is wet or during early rainy season. If poles of non-sprouting 

species are used as strips and interlink materials, brushwood check 

dams can be constructed during any time of the dry season.  

Brushwood check-dams require a lot of wooden 

poles and branches. Labor is also required for 

excavation and fixing the materials. Therefore, 

timely planning and mobilizing the community is 

mandatory.  

Benefits and Acceptability Integration and Management Requirement 

Brushwood check-dams can be used to stabilize and reclaim small 

and medium gullies. The construction techniques are simple to be 

easily taken up by local people. As such check-dam are effective 

and simple to be constructed by using local materials, Farmers in 

many areas have accepted the practices and are regularly using 

the techniques for rehabilitation purpose. 

Brush wood check-dams have to be constructed in 

combination with other types of check-dams. The 

integration of biological gully rehabilitation measures 

(vegetative measures) with brushwood check-dams 

facilitates the stability of the structures and provides 

income generating opportunities to Farmers. 

Cost elements and work norm Limitations 
The cost parameter for brushwood check-dam includes labor required to prepare the 

pit for the poles, interweaving of branches, preparation of apron, etc. 7 PD is required 

for 15 linear meters (15Lm/7PD) for double row and 25Lm/7PD if it is single row. 

The materials cost has to be added on top labour cost. 

Not applicable in large gullies and 

in areas where there is shortage of 

vegetative materials 
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Name of the technology SANDBAG CHECK-DAM 

General Description 
Sandbag check-dams are temporary structures constructed 

by filling the sand in bags and piling them across large rills 

or small gullies up until the desired height levels. The bags 

are piled up usually to a maximum of 3 – 4 layers to form 

a small check-dam. The bags used for the purpose are 

either used jute or polyethylene bags of 50 -100 kg. 

 

Geographical Extent of Use 
Sandbag check-dams are suitable alternative technologies 

for every agro-ecology of many areas provided stones, 

wood and other materials are not available in the area to 

use other types of check-dams. It is commonly used to 

check large rills and small gullies on temporary basis. 

It is a very good technology for the gully head control. Nevertheless, it is not suitable for the treatment of large gullies. 

Technical design Steps/Requirements 
¶ Fill bags with sand up until a little space left after tying to 

enable it to fully lay and touch the ground and/or the other 

soil/sand filled bag with high surface area.  

¶ White clay or termite mound soils can also be used instead of 

sand as they are also less erodible and can stay intact in flood 

water. 

¶ While piling up, water the sacks first to make them wet, 

which in turn will help to avoid easy sliding of the sand bags. 

¶ Peg and tie a string marking base width of 1 - 3.5m on the 

floor across the gully bed  

¶ Pile up sand filled bags to a height of 1m 

¶ Construct a side key of 0.5m on each side of the gully wall 

¶ Construct trapezoidal/parabolic shaped spillway with 

appropriate permissible depth, width and add free board. The 

different dimensions of the spillway depend on the expected 

flow coming through the gully. 

¶ Support piled up sandbag check-dams, on the downstream 

side, with brushwood structure or wooden poles to avoid easy 

dismantling of the sandbags. 

¶ Wooden nails can also be used to have a good connection of 

the sandbag with the gully floor and sidewall. 

 

 

 

 

Arrangement 

of sand bags 

in a gully 
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Period of Implementation Across Season Planning and Mobilization Requirements 
Sandbag check-dams have to be constructed towards the end of 

the dry season. Excessive dryness will cause the sandbag to be 

damaged and create openings in which the runoff will enter into 

the bag and wash the soil/sand in it. Hence, it is always 

important to adjust the time so that the rain starts soon and the 

check-dam is covered with sediment immediately. 

Sandbag check-dams are cheaper in terms of cost and the 

techniques to be applied are easy for the Farmers to 

understand. But the sacks/plastic bags need to be 

purchased from the local market or they have to be 

supplied. Consequently, community members have to plan 

together and contribute for labor and cash.  

Integration and Management Requirement 
¶ The combination of this technology with other relatively stronger structures 

(for example, gabion check-dams) is an important consideration to be made 

for better efficiency and durability.  

¶ Sandbag check-dams can also be combined with brushwood check-dams of 

single-row or double row. 

¶ As soon as an adequate degree of sedimentation has been deposited, 

appropriate biological measures should be taken so as to strengthen, and 

eventually replace the "sisal made sack", which would rot over time. 

¶ As a result, the expansion, deepening and elongation of gullies will be 

reduced and gully beds and sidewalls would be converted into productive 

areas.  

¶ It is necessary to enlarge the size of the check dam width and minimize the 

height whenever the volume of water that comes from upstream catchment 

is high. 
 

¶ Regular visit and maintenance of these check-dams especially after heavy floods is very important at initial period of 

construction.  

¶ The reshaping of gully banks is also important to manage and maintain sandbag/plastic bag check dams. 

Cost Elements and Work Norm Limitations 
The work norm includes proper placement of sandbag check-dams, soil 

filling inside the bag, compaction and tying. Taking all parameters 

together, 7 PD can cover on average 2.5 m3 per working day (2.5m3/7PD). 

Sandbag/plastic bag check dams are susceptible 

to runoff which carries boulders and they cannot 

be used in large and deep gullies 
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Name of the technology SEDIMENT STORAGE DAM (SSD) 

General Description 

¶ Sediment/soil storage dams (SS dam) are water harvesting 

and conservation systems  that  convert  unproductive,  large  

and  active gullies into productive areas (fertile cultivated  

or fodder producing areas, mixed plantations, and fruit tree 

orchards).  

¶ SS dams are stone-faced (soil filled) earth dams constructed 

across medium/large size gullies to trap sediments, collect 

water and divert excess runoff. SS dams  accommodate  the  

runoff  generated  by  the catchment located above the gully. 

The structures are often constructed in series along the 

gully. It is just like creating a land that does not exist before 

treatment. 

¶ Contribute significantly to protect cultivated lands,  arrest 

gully expansion and recharge water tables 

¶ Particularly in low rainfall areas, it can be used to change 

vast and long gullies to productive areas and provide 

opportunities to carry out cultivation practices. 

 

Fig. 1 Sediment Storage Dam – Somali Karamara area 

Geographical extent of use 
Å SS dams are applicable in highly eroded gully areas in all land uses.  

Å Not suitable for large gullies without catchment treatment and protection. 

Å Very important for production of cash and staple crops, introduction of fruit trees, vegetables and other valuable 

vegetation and biomass in gullies, etc. 

Å SS dams can be easily introduced in dry-land areas, particularly where local structures are damaged by excess runoff 

Technical Design Steps/Requirements 
Site selection: 

Å Inside gullies and natural depressions that you wish to convert 

into productive fields. 

Å  Below catchments with less than 40 ha maximum, because of 

the increased costs to construct larger structures. 

Å The site should allow the maximum formation of a cropped field 

area (wide portions of a given gully are preferred to narrow and 

deep portions). 

Å One side of the gully needs to have suitable hard structure to put 

the spillway (stony areas, very hard pans, etc). 

Å When suitable soil conditions do not exist, reinforcement of 

spillway is required (riprap and drop structures). 

Å Select appropriate site in a gully where SS dam can be 

constructed 

Å With a meter tape and a graduated long pole (5-7 m) measure 

the base width and length, height and top width and length of 

the structure. Select the best placement of the spillway.  

Å Determine the dimensions and volume of the structure: they are 

selected based on the area of the catchment, the width of the 

gully and its depth.  

Å Use the following criteria to approximately estimate the 

dimensions of the SS dam (simplified for trapezoidal design). 

 Height = H, 

 Base width = BW,  

 Top width = TW,  

 Top length = TL,  

 Bottom length = BL 

 

 

Å  H < 2m H:BW is 1:2-2,5 TW = 

1,5m 

Å  H = 2-3,5m H:BW is 1: 2,5-3 

TW = 1,5m 

Å  H = 3,5-5m H:BW is 1: 3 TW 

= 3 m 
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Construction Procedures 
Å Scrape and remove grass and vegetation from the whole bottom width 

and sides of the gully where the dam is to be constructed. 

Å Proceed with construction of the key & foundation of the downstream wall 

(called riser or lower retention wall) in front of the structure. 

Å Make this key & foundation 60-90cm deep and start filling it with large 

stones.  

Å Erect retention walls with care following the correct H:BW ratio: 

Å Use a rope and a water level placed across the entire gully to adjust the 

position of the stones of the retention wall (straight level). 

Å The retention walls are then carefully constructed as ladder-shaped. 

Å Fill space between stone lines with soil and compact. Soil is taken from 

reshaping the gully or (if not suitable) nearby suitable site and spillway canal.  

Å Compaction should be carefully done by repeated passes of oxen over the 

piled layers of soil (use oxen-pulled compactors-rollers or manual compactors 

such as buckets filled with heavy soil & stones, wood beams, etc.). 

 
Fig.2 Sediment Storage dam Construction in 

diredawa - Beke-halo 

Spillway Design and Construction for an SS-Dam  
Å Start digging the spillway at the desired height  

Å See total height of the structure and deduct the total depth of the spillway 

(maximum permissible depth of the flow (d) + free board). 

Å Length of spillway is equivalent to base width of dam or more, 

Å Slope of the spillway is 0.4 - 0.8% and outlet with drop structure and apron 

if necessary. 

Å Construct the spillway at the appropriate side (hard materials) of the gully. 

Å  If both sides are of hard materials, construct the spillway at the side which is 

facing the direction of the water flow. 

Å The size of the spillway is determined by the catchment area and runoff 

estimations. 

Å  The side of the spillway looking towards the dam should be stone faced, 

reinforced and its shape is trapezoidal. 

Å The dimensions of the spillway have been computed based on “safe 
standards” and are presented as can be seen in the table below 

Catchment 

area in Ha 

Medium/low runoff 

coefficient (0.4) 

High runoff 

coefficient (0.7) 

Depth of 

flow(d) 

Total depth 

(D) 
2 08 1,1 0,30 0,70 

3 09 1,4 0,30 0,70 

4 09 1,4 0,35 0,75 

5 1,0 1,6 0,35 0,80 

6 1,0 1,6 0,40 0,90 

8 1,0 1,8 0,50 1,00 

10 1,0 2,1 0,55 1,05 

12 1,0 2,2 0,60 1,10 

14 1,1 2,5 0,60 1,20 

16 1,1 2,7 0,60 1,20 

18 1,1 2,8 0,60 1,20 

20 1,2 3,2 0,60 1,20 

24 1,6 3,6 0,60 1,20 

28 2,0 4,4 0,65 1,25 

32 2,3 5,1 0,70 1,30 

36 2,7 5,5 0,70 1,30 

40 3,2 6,1 0,75 1,35 

45 3,7 7,0 0,75 1,35 

50 4,2 7,8 0,75 1,35 

60 5,1 9,6 0,75 1,35 

70 6,1 11,3 0,75 1,40 

80 7,1 13,0 0,75 1,45 

80 8,1 14,8 0,75 1,50 

100 9,1 16,5 0,75 1,50 
 

Aerial view of SS dam and spillway 
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Benefits and Acceptability 
Integration and Management 

Requirement 
SS dams can create cultivable lands with good soil moisture and 

nutrients. It is important to encourage Farmers to use these lands 

appropriately. Introducing high value crops along with SS dams to 

needy Farmers should be taken seriously – as SS dams can become a 

“food insurance”.  
 

SS dams provide opportunities for income generation to small land 

holders and landless. It is a drought proof activity - even when rainfall 

is low SS dams collect sufficient moisture. It also promotes fertility 

management (compost preparation, etc) and contributes to watershed 

protection, raise water table, etc. Generally, Farmers in many areas 

have understood the advantage of constructing SS dams. As a result, 

land users in many parts of Ethiopia are constructing SS-dams by 

combining their labour and local resources. 

Construction of SS dams should be taken as part of 

a sub-watershed treatment. Then construction shall 

come simultaneously or preferably after closure 

and treatment of fragile/unstable parts of the 

catchment with various soil and water 

conservation measures.  

 

Smaller gullies feeding into the main one where SS 

dams are placed should be also treated with check-

dams. This activity is integrated with re-vegetation 

of gully sides after sedimentation is completed. 

Application of compost in the sediment deposition 

area shall be considered. 

 

Cost Elements and Work Norm Limitations 
 The work norm elements for    SS dam construction include: 

¶ Site clearing 

¶ Excavation for the super structure and the spillway 

¶ Embankement/dam building with stone and/or soil 

¶ Drop structures and spillway construction 

Generally, 3.75 m³ earth/stone work/7PD is required for the proper 

construction of a sediment storage dam (SS-dam) for pastoral areas.  

¶ The technology requires a huge labor 

and is very difficult to be covered by 

a family labor. 

¶ Needs maintenance and if destruction 

happens because of poor follow-up 

the damage could be very expensive. 
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Name of the technology 
USE OF VEGETATION (BIOLOGICAL CONSERVATION) 

FOR GULLY CONTROL 
General Description 
The use of vegetative material in gully control offers an 

inexpensive and permanent protection. Vegetation will protect 

the gully floor and banks from scouring. Grasses on the gully 

floor slows down the velocity of the runoff and causes deposition 

of silt. It can also be of economic value to the land users. 

Vegetation can be established in a gully by natural recovery or 

by use of planting materials.  A gully will re-vegetate naturally 

if the water causing erosion is conserved or diverted before it 

reaches the gully and if livestock are kept away. Costs are 

minimal but recovery will be slow if the soil is poor. 

Furthermore, if the gully sides are steep, vegetation may not 

establish itself. Where establishment of natural vegetation is too 

slow to cope with the erosion or where a particular species is 

desired, planting should be done. The establishment of 

vegetation either naturally or artificially has to contend with a 

hostile environment.   

Geographical Extent of Use 
The survival rate of plantation in the gully area is directly related to the general agro-climatic conditions and specifically to 

the availability of moisture during dry seasons and amount of water flow in the different sections of the gully during the peak 

rainy seasons. The choices of species as per the agro-ecology and different situation in the gully are also parameters which 

determine its successful rehabilitation. If these factors are considered or can be controlled, biological measures can be applied 

anywhere as far as planting space, soil and moisture are available. Vegetative control can be executed everywhere in the 

country with a due focus of selecting appropriate tree, grass and shrub/bush species which can be compatible to the planting 

location prepared. 

Technical Considerations 
¶ Identification of the specific characters of different 

parts of the gully which is supposed to be treated 

with biological measures is crucially important. 

¶ Conservationists and Farmers should properly 

assess the soil and moisture conditions in the gully 

head, gully floor/bed, gully sidewall and gully 

offset/gully buffer zone.  

¶ Practically speaking, these different locations of a 

gully do have different soil and hydrological 

characteristics which determines the type of species 

of grass, shrubs/bushes and trees to be planted.  

¶ The type of planting material to be used should be 

seriously considered based on the specific situation 

of the gully.  

¶ Once the characters are identified seedlings which 

are appropriate to be planted in that particular site 

should be produced with enough amount ahead of 

the planting time.  

¶ Inclusion of indigenous species that performs well 

in the identified characteristics of the gully parts is 

very much important.  
Different parts of a gully 

¶ Any part of the gully treated with biological measures should comprise of three components; grass, legume shrubs and 

trees in a form of story. 

¶  If possible, it is advisable to establish nurseries nearby/ inside the area to be treated.  
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Characterizing the Different Parts of a Gully for Biological Conservation 

Gully Head Gully Offset Gully Sidewall Gully Bed 

 It is the upper part of 

the gully through 

which most of the 

runoff enters to the 

gully 

 Very much active 

for gully formation 

and expansion 

 Paving with loss 

stone, diverting 

water using cutoff 

drains and reshaping 

can be applied to 

control.  

 Combination with 

biological measures 

help creeping plant 

species can be used 

for reinforcing the 

head. 

 It is located away from the 

gully embankment and 

extended to the next land 

use type 

 Are characterized by 

medium soil depth, 

moderately wet in the rainy 

season and dry in the dry 

season, and with moderate 

slope 

 Micro basin, trench and sub 

soiling are recommended for 

better performances of 

plants to be established  

 Thus, the plant species 

recommended for the 

treatment of this area are 

those with moderate 

tolerance to dryness and 

wetness. 

 It is a part of the gully between 

the gully offset and gully bed 

 It is characterized by high slope 

gradient, shallow soil depth, 

susceptible to erosion and mass 

movement, very dry in most of 

the time due to less water 

holding capacity. 

 Reshaping and hence 

constructing moisture harvesting 

structures are the recommended 

measures to treat this gully part 

 Biological measures can play a 

pivotal role in rehabilitating this 

section of the gully 

 The species to be selected should 

have invading characteristics, 

with light foliage and steam 

biomass and high tolerance to 

drought. 

 It is a part of the gully 

on top of which the run 

off flows 

 It can be treated with 

physical measures like 

arc weir, loose stone, 

and gabion, brushwood 

and sandbag check-

dams.  

 It is regarded as very 

wet in most of the year, 

with deep alluvial soil 

 The biological material 

recommended for this 

part of the gully should 

be tolerant to water 

logging, with high root 

biomass, resistant to soil 

sedimentation and high 

flow of water. 

Environmental Benefits of Vegetative Gully Control 
Economic Benefits of Vegetative 

Gully Control Techniques 
¶ Provides plant cover for the land and prevent direct impact of raindrops 

(splash erosion); 

¶ Increases soil roughness, which further reduces the velocity of surface 

runoff and henceforth the soil erosion; 

¶ Reduces surface runoff, which facilitates infiltration rates and enhance in- 

situ water conservation; 

¶ Better helps deposition of silt by reducing and protecting the soil particles 

from being washed away; 

¶ Prevents soil erosion and thereby enhance effectiveness of physical control 

measures when it is applied properly; 

¶ Increases soil organic matter and thereby improves soil properties and soil 

fertility levels, 

¶ Provides protection against scouring and minimizes expansion of the gully 

due to further erosion risk; and 

¶ Helps to retain water/subsurface reservoirs and increases the soil 

recharging capacity or contributes to general soil moisture in the vicinity 

in a sustainable manner, 

¶ Reduce pollution, contribute for clean environment and serve for 

biodiversity/ecosystem reservation. 

¶ On top of the soil and water 

conservation, biological gully 

conservation provides valuable by-

products for the livelihood of the 

Farmers.  

¶ Production of planting material for fruits, 

vegetables, fibers, medicinal plants, 

consumable goods, and others;  

¶ Source of forage/fodder, fuel wood, 

wooden poles, bio-degradable materials 

for compost making and preparation of 

organic fertilizer etc. 

¶ Income generations from the sale of 

various biomass, vegetables, fruits, 

planting materials, etc.  

¶ Suitable for apiculture and other 

livelihood options; and  

¶ Serve as a research and 

ecotourism/recreational site/place, etc. 

Cost Elements and Work Norm Integration and Management  
The cost of vegetative gully control measure is 

related to seedling production, transporting of 

seedlings/seeds, preparation of planting pits, 

actual planting and sowing of seeds. 

Experience in Ethiopia show that to cover 1 ha of 

gully area, about 700 PD is required (700 PD/ha).  

In the location of a gully where the force of runoff is high, it is important 

to install physical structures. Gully reshaping and strengthening 

sidewalls with retaining wall is also important to be considered. The 

necessary tending operations should also be done regularly. Protecting 

the gully from free grazing and practicing cut and carry system are 

important conditions for maintaining the overall health of the gully 

under rehabilitation. 
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Name of the technology RIVER-BANK STABILIZATION 

General Description 
Stream /river erosion is the scouring of soil material from the 

stream/river bed and cutting of the stream/river-banks by the 

force of running water. River-bank erosion is often increased 

by the removal of vegetation, overgrazing and/or tillage near 

the banks. Scouring is influenced by the velocity and direction 

of the flow, depth and width of the stream, soil texture and 

alignment of the stream. Rivers and streams often meander and 

change their course by cutting one side and depositing sand and 

silt loads on the other. The damage manifolds during flush 

floods.  

 

In terms of the area affected, stream-bank erosion is a small 

problem, but its significance increases when other factors are 

considered. Land subject to surface erosion is only partly 

damaged, but land lost by river-bank erosion is completely and 

irretrievably lost, and what is more, the bottom lands of valley 

floors are nearly always valuable and highly productive. River-

bank erosion may also threaten roads and bridges with much 

more serious economic consequences than the value of the lost 

land. Considered as a source of sediment polluting the stream, 

river-bank erosion is important because all the soil goes directly 

into the stream with no possibility of any of it being trapped or 

filtered out.  

 

 

Geographical Extent of Use 
The phenomena is occurring everywhere if no watershed management actions or more specifically, erosion control measures 

are not taken properly in time. The extent of the problem is more severe in downstream areas and fragile environments. 

Hence, integrated river-bank stabilization techniques need to be applied with due attention from all concerned. 

Stabilization Techniques 
If stream-bank or shoreline is severely eroded, it is important to stabilize the soil to promote plant growth. There are three 

general approaches to be considered for steam-bank stabilization: Live planting, bioengineering, and hard armoring. The best 

technique will depend on the existing situation—the size and location of the stream or shoreline, and the cause and severity 

of the erosion. In many cases, the best approach is to use a combination of techniques. Before attempting any stream-bank 

stabilization activity, one needs to discuss with the surrounding community and need to get permits from the concerned 

bodies. 

Live Planting 
River-banks can be stabilized or prevented from erosion problems by planting appropriate 

types of vegetation, then allowing nature to heal itself. Costs of this approach are relatively 

low, and communities can implement this approach on their own. A small investment of 

time and money can prevent a serious erosion problem that in the future could be very 

expensive to correct. 

Trees, shrubs and grasses can be used to stabilize the stream-banks. This technique may 

require protection from flowing water (using stakes and erosion control matting) during root 

establishment. Side-bank reshaping through removal of soil to reduce the slope of the steep 

banks to a more stable angle is important to be integrated where it is applicable. In addition, 

the selection of planting materials which can be adapted to the existing situation is important 

to be considered. 
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Bioengineering Techniques 

Bioengineering technique relies on a combination of structural components and plant material to produce a dense stand of 

vegetation that serves as a “living system” to protect stream-banks and shorelines. This technique works to stabilize many, 

but not all, erosion problems. One challenge in bioengineering is protecting the bank from erosion until the vegetation 

becomes established. This could take one to two years. There are a number of structural components available to provide 

temporary protection while the plant growth becomes established: 

Vegetated geo-grids: These are alternating live branch cuttings and compacted soil layers wrapped in geo-textile fabric to 

rebuild and vegetate eroded banks. 

Brush mattress: Live branch cuttings 

covering entire stream bank and 

secured in place. 

Tree revetments: Row of cut trees 

(usually vegetative propagating types) 

anchored to the toe of the bank. It is 

used in conjunction with native plants 

to trap sediment and encourage plant 

growth. 
  

Hard Armoring 
¶ Hard armoring includes a variety of techniques including rock riprap 

(large stones placed along the slope of a stream-bank or shoreline) and 

gabions (rock-filled wire baskets placed along a stream-bank or 

shoreline). 

¶ Hard armoring typically involves grading the bank to a gentler slope. If 

done properly, these techniques provide very good protection and will 

work in severe situations where bioengineering will not perform. 

However, hard armoring techniques can be relatively expensive, and 

may require professional assistance.  

¶ These techniques are often used in situations where less expensive, 

more environmentally friendly and aesthetically pleasing alternatives 

would have been successful. 

¶ The technique requires good design and construction. 

¶ In some conditions it can reduce or eliminate the need for bank sloping 

by creating vertical wall. 

 
 

 

Cost Elements and Work Norm 
The work norm includes stone collection, foundations/key excavation, rock riprap and Gabion wok,  hard armoring, live 

planting, foundation work, mix of sand and cement, stones and drop/apron structures, etc. The work norm to be used for river 

bank stabilization depends on the different activities, and cost of materials has to be calculated separately. 

Integration Requirement and Management 
As described above, there are several techniques to be applied in order to stabilize river-banks. Each of the techniques need 

knowledge and experience and requires investments in terms of time and resources. There is no absolute technology which 

can be applied as a remedy to control stream-bank erosion. Rather, all possible technologies need to be implemented in an 

integrated manner. The rehabilitation of the upper catchment is also an important parameter to be considered which will have 

a significant influence in reducing the possible disaster. Once, the river-banks are well established, there should be regular 

monitoring and continuous maintenance by the surrounding communities and the concerned professional and administrative 

bodies.  
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Biological Soil and water Conservation, Soil Fertility 
Management and Conservation Agriculture 

 

An Overview 

Suitable cultural practices such as maintenance of vegetation cover on the land, addition of organic manures, green 

manures, and the use of bio-fertilizers, conservation tillage and application of appropriate soil conservation practices 

are essential components of soil conservation and sustainable soil fertility management practices. Poor cultural 

practices like over cultivation (destruction of soil structure), cultivating along the slope, cultivating to the edges of 

dissected lands (e.g. gullies), cutting drainage furrows straight along steep slopes, continuous depletion of soil organic 

matter and organic residues/vegetation cover are the major factors causing/aggravating soil erosion and depletion of 

soil nutrients.  These practices led to the irreversible land degradation problems including the depletion of soil nutrients, 

diminishing of crop yields and frequent crop failure. Maintenance of soil vegetation cover and/or residues and soil 

fertility should be considered as essential practice to sustain soil fertility and agricultural productivity as well as 

ecological stability. The management practices must maximize vegetation cover on the land and the recycling of 

nutrients within the soil profile and within the farm, and it must minimize soil erosion and nutrient losses due to natural 

processes and poor management practices.  High biological activity in the soil is an essential element in soil management 

program and is required to ensure the diversity of fauna and flora of the micro-organisms to sustain soil productivity. 

Thus, this thematic area of the guideline deals with a wide range of technologies pertaining to biological soil 

conservation, soil fertility management and conservation agriculture to prevent/minimize soil erosion, maintain and/or 

increase soil fertility and productivity mainly through proper soil and crop management practices with the basic 

principles of prevention in contrast to curative methods. Each technology is described following established standard 

format that depicts general description, purpose and benefits, agro ecology, design and method of application, 

complementarities and integration opportunities, acceptability and sustainability and finally constraints and limitations. 

The ranges of Biological Soil Conservation, Soil Fertility Management and Conservation Agriculture technologies 

described under this thematic area are:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crop R

2. Intercropping 

3. Strip cropping  

4. Integration of Forage Production Into RLM 

5. Stabilization of Physical Structures 

6. Compost Making  

7. Fertilization and Manuring 

8. Mulching and Crop Residues Management 

9. Acid Soil Management and Liming salt affected soil 

10. Conservation Tillage 
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Name of Technology CROP ROTATION 

General Description Agro ecology 
Crop rotation is a practice of growing different crops one after the other on 

the same piece of land.  Crop rotation is one of the oldest practices known 

to man for soil fertility restoration and pest/ disease control. It is well known 

that different crops are not equally susceptible to the same kind of pests or 

diseases. Growing the same crop year after year provides an opportunity for 

pests to multiply and outbreak virulently after two or three years of 

continuous cultivation, eventually leading to serious loss of crop yield. The 

same problem holds true for weed infestation. Crop rotation in addition to 

fertility restoration and soil and water conservation is a popular traditional 

practice of controlling diseases, pests, rodents and weeds infestation. 

Moreover, plants of the same crop develop their root system at the same 

depth of soil profile and thus the proliferation of the root systems in the 
same depth results in a strong competition for moisture and nutrients. If the 

same crop is grown on the same land year after year, the soil nutrient in that 

layer decreases sharply and the crop yield consequently declines.  

Rotations are integral part of Ethiopian 

farming systems and are practiced in all 

agro ecological zones but the intensity and 

regularity is decreasing in favor of growing 

similar crops of high economic 

significance year after year. Thus, sound 

rotations that grant optimal economic and 

ecological benefits are needed and should 

be integrated into regular agricultural 

extension and land management practices. 

Under Ethiopian dry land conditions, crop 

rotations should consider the integration 

and optimization of livestock production 

by incorporating legumes (grasses, shrubs 

and trees) as part of the rotation. 

Purpose and benefits 
When different crops are rotated, the depletion of soil nutrients and decline of crop yields are not as serious as when the 

same crop is grown year after year. Different crops have different characteristics that enable them to exploit the soil 

moisture and nutrients at different depths that contribute to higher crop yield. Crops also differ in terms of their effect on 

the soil; some crops restore or build fertility of the soil while others deplete fertility. The improvement of plant cover and 

soil structure through sound crop rotations substantially reduces the effect of runoff and the rate of soil loss.   

Design and method of application  Complementarities and integration opportunities  
It is often recommended to rotate legumes with cereal 

crops because of their contrasting nature in terms of 

improving soil ferity, soil conservation and resistance 

to various pests and diseases.  Therefore, specification 
for application should be formulated by technical staff 

in close consultation with Farmers in view of 

optimizing the benefits from crop rotation by 

introducing more innovative methods of application 

from both socio-economic and ecological benefits 

perspectives. Existing cropping patterns offer ample 

scope for improvement in terms of optimizing the 

sequence of crops, their arrangement and sowing dates. 

In this respect, accessibility to improved varieties of 

legumes possibly inoculated with highly efficient 
strains of rhizobia might help to improve fertility of the 

soil and crop yields. In all circumstances legumes need 

to be rotated with cereals. 

Crop rotation can be integrated with various land management 

and soil fertility and productivity improvement technologies to 

optimize its economic and ecological benefits. Fertilizer 

application, manuring, etc. are also compatible and can be 

integrated.  Wherever possible, existing rotations should be 

improved by integrating soil organic matter management 

techniques such as crop residue management, green manuring, 

mulching and various other techniques described in other 

InfoTech for soil fertility management. Crop rotation can also 

be integrated with other agronomic practices such as 

intercropping and double cropping based upon the available 

moisture and the crop water requirements. Soil organic matter 

management through the application of compost and other 

methods combined with moisture conservation are compatible 

in moisture deficit areas to optimize both economic and 

ecological benefits from the system. Ley cropping is also best 

practice to be encouraged in crop rotation practices. 

Management Requirements Acceptability and sustainability 
To optimize the benefits of crop rotation it is 

necessary to control livestock interference. The 

crop residues should be maintained in the field 

and incorporated into the soil to gradually build 

soil organic matter and soil fertility. In areas 

getting bimodal rains, cover/green manure 

crops can be grown during Belg (small rain) and 

be incorporated into the soil at the onset of big 

rain to provide additional soil fertility 

management and soil conservation measures.  

The technology is commonly practiced in many parts of Ethiopia and 

Farmers know well the benefits of the practice.  However, the 

ecological and economic benefits from the practice could be sub-

optimal simply because of the inadequate skills and knowledge of the 

most compatible crops, patterns and the best methods of arrangements 

of the crops in the field and management practices. In order to ensure 

wider acceptance and sustainability of the practice, it is then suggested 

that improved rotations practically demonstrated wherever possible to 

the land userswith an entire set of additional measures to improve 

yields of the main crops and optimize the overall benefits. 

Constraints and limitations 
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Improved rotations may be difficult to apply with low value or low yield crops especially in highly populated area where 

the size of land holding is very much limited. In these areas Farmers prefer to keep growing cereal crops such as wheat 

and barley year after year instead of rotating with legume crops. The reason being Farmers get (by many folds) higher 

yield from the cereal crops than the legume crops, especially when supported by better inputs. This constraint can be 

overcome by materializing and exploiting the existing complimentarily and integration opportunities of the technology.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
62 

Name of Technology INTERCROPPING 

General Description Purpose and benefits 
Design & Method of 

Application 
Intercropping is a practice of growing two or 

more crops simultaneously in the same plot 

in a fixed pattern in one season. The various 
leaf arrangements of different plants allow 

light to be better intercepted over time. The 

contrasting patterns of root growth, which 

utilize different soil layers, optimize the use 

of available soil moisture and nutrients. 

Mixed stands protect the soil surface more 

effectively than pure stands. In areas where 

row crops such as maize and sorghum 

cultivated, the area remains exposed to 

erosive forces and the soil is subject to soil 

erosion. Moreover, the stalks of these crops 

are often removed for various purposes, thus 

there is very little return of nutrients to the 

soil. To contrast this nutrient mining system, 

suitable legume species (chickpeas, 

cowpeas, beans, green gram, pigeon peas, 

soybeans, forage legumes, etc.) should be 

planted in the spaces left between rows. 

 
Fig 1: Examples of intercropping 

The aim of intercropping is to increase 

crop production and provide protection to 

the soil against erosive forces.  Overall 

output per unit area can be much greater 

from intercrops than single crops and 

chances of total crop losses are lower than 

in pure stands. Different planting times 

and different length of growing periods 

spreads the labor requirement of planting 

and harvesting, but also allows mid- 

season change of plan according to the 

rain in the early part of the season. Some 

intercropping would also be advantageous 

to control incidence of pests because of 

crop diversity (host of different 

predators). 

To maximize the overall 

output of the intercrops, the 

arrangement of the different 

species in intercropping and 

the type of species to be 

mixed should take into 

consideration better use of 

the resources such as solar 

energy, soil moisture and 

nutrients from the outset. 

Often the different species 

with contrasting canopy and 

root system are combined to 

minimize competition 

between the crops and to 

maximize the output from 

each crop and the total 

combined crop yields. In 

most cases Farmers want to 

minimize the reduction of 

yield from the main crop. 

Then, adjustment to the 

sowing dates should be 

made to minimize 

competition between the 

main crop and the legume 

(companion crop). In this 

regard, companion crops 

should be sown 2 to 3weeks 

after the main crop.  

Agro ecology 
Applicable to most of the agro climatic 

conditions and often practiced in Ethiopia 

in mid altitudes where the amount of 

annual rainfall ranges between 700-1200 

mm. In moisture deficit areas, the practice 
seems to be more feasible for row crops 

such as maize and sorghum, or cotton.  In 

low rainfall areas it needs to be integrated 

with soil and moisture conservation (tie-

ridging, etc.) measures. In higher altitudes 

above 2500 m.a.s.l it is less practiced and 

the range of crops and possible 

combinations are very rare. 

Complementarities and integration opportunities Management requirements 
Legumes are highly compatible with non-legume crops as they 

are enriching the soil, especially if parts of the legume plants are 

deliberately incorporated into the soil. Intercropping integrates well 

with a number of soil fertility management practices and moisture 

conservation measures. If applied together with conservation 

measures and stabilization of structures, it contributes to the 

control of soil erosion. The system should be integrated with 

rainfall multiplier systems and various moisture conservation 

techniques in dry areas to increase water availability and thus 

reduce competition. The use of organic and inorganic fertilization 

to compensate for some competition might be advisable. 

It is necessary to closely monitor the competition 

between the main crop and companion crop and take 

necessary measures to minimize the competition of 

companion crop on the main crop to minimize the 

effect on the main crop yield. Weed and pest 

infestation should also be monitored to take 

corrective measures to reduce or control the damage 

otherwise caused by the infestation. In dry areas, 

where moisture limitation overrides, it is necessary to 

be always cautious and use water harvesting 

techniques for supplementary irrigation. 

Acceptability and sustainability Constraints and limitations 
The technology is commonly practiced in many parts of Ethiopia 

especially where row crops such as maize and sorghum are 

grown; that means Farmers know well the benefits of the practice.  

However, the ecological and economic benefits from the practice 

could be sub-optimal simply because of the inadequate skills and 

knowledge of the most compatible crops, patterns and the best 

methods of arrangements of the crops and management practices. 

In order to ensure wider acceptance and sustainability of the 

The major constraint in Ethiopian condition is lack of 

scientific skills to support Farmers to optimize their 

benefits from intercropping and mixed cropping 

systems. Farmers are solely guided by traditional 

knowledge and are in short of modern technologies 

to optimize the overall benefits from the practice. 

Common limiting factors in crop production and 

optimization of yields are light, water, oxygen (in 



 
63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

practice, it is necessary to address the constraints indicated above 

and secure commitments of the responsible technical and 

managerial staffs to achieving the maximum expected benefits 

from the system. 

waterlogged soils), temperature, or any one of the 

essential nutrients.  If these limitations are corrected 

then the overall benefits from intercropping could be 

guaranteed.   



 
64 

 

 

 

Name of Technology STRIP CROPPING 

General description 
Strip cropping is a cropping practice where strips of two or more crops are 

alternately established on a contour, or it is a system of establishing more 

than one crop in alternate strips following a contour pattern for the purpose 

of erosion control, crop diversification and control of diseases associated 

with the use of single crops. This cropping system is designed as a defense 

mechanism against soil erosion in areas where the cropping system is 

dominated by row/sparsely grown crops that expose the ground to erosive 

forces. Crops are sown in strips following row planting techniques, one 

being a soil depleting crop and the other soil conserving/fertility restoring 

crop. If the main crop is maize or sorghum, the second crop can be a legume 

(e.g. beans, cowpea, chickpea, etc.) that forms good groundcover. In this 

case, maize is regarded as soil depleting/degrading crop while the legume is 

soil conserving crop. Erosion is largely limited to the cereal row-crops and the soil removed from these strips is trapped 

in the next strips, down slope, planted with the legume-row soil conserving crops. 

Purpose and benefits 

This measure is intended to control soil erosion and if well designed can effectively conserve soil on slopes<5% and is 

best suited to well drained soils. This practice is useful for soil conservation on slopes <5% without additional 

conservation structures and needs to be combined with other conservation measures above such range. 

Agro ecology Design and method of application 
The practice can be applied to most of agro 

ecological zones on gentle slopes, particularly in 

areas where sparely grown crops such as maize and 

sorghum cultivated.  Different forms of strip 

cropping exist in some areas but rarely done in 

an organized way. This practice can be adapted 

if strips are developed using flexible modalities 
and do not follow rigid patterns of distances.  

Strip width vary with the degree of erosion hazard but are generally 

between5, 10, 15 and 20m with narrower     

strips on steep slopes and wider strips on gentle slopes. Planting 

technique is traditional except that it is along the contour. To increase 

effectiveness of the strip cropping for erosion control, the density of 

the legume crops should be higher than under normal conditions. 

However, on steeper slopes it may be necessary to add grass buffer 

strips of 2 to 4 m wide, placed at 10 to 20 m interval.  

Complementarities and integration 

opportunities 

Management 

Requirements 

Acceptability and 

sustainability 
The potential to increase productivity results from the 

combined effects of soil conservation and soil fertility 

improvement as well as from the value of the crops 

chosen for strip cropping. Integration with grass strips and 

other moisture conservation structures can reduce runoff 

and increase moisture conservation in moisture stress 

areas resulting in higher production. In general, 

integration of other moisture conservation, soil fertility 

improvement and suitable agronomic measures are 

recommended for optimization of both the economic and 

ecological benefits. 

When legumes are harvested, 

residues and roots should be 

left on the field and 

eventually incorporated. The 

protection of livestock 

interference is the major and 

most important aspect to 

optimize the ecological and 

economic benefits from the 

practice. 

 

Indeed, this technology can grant both 

ecological and economic advantages if 

properly designed and the right type of 

legume species used. Therefore, its level 

of acceptability and sustainability 

depends on the competence and 

commitment of technical staffs 

providing the technical supports in 

particular and effectiveness of the 

agricultural extension system in general. 

Constraints and limitations 
The practice is not traditionally well known by Farmers in Ethiopia and Farmers could be reluctant to adopt it. However, 

the integration of appropriate moisture conservation in moistures stress areas and soil fertility management techniques in 

general can encourage Farmers to adopt the practice from practical benefits demonstrated. 
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Name of Technology 
INTEGRATION OF FORAGE PRODUCTION INTO FARMING 

SYSTEMS  
General description  
The integration of forage production into farming system refers to the growing of forage crops (legume and grass 

pastures) in combination with food crops in different forms for both ecological and economic purposes.  In Ethiopia 

growing of food legumes with food crops in the form of mixed, intercropping or crop rotation is very common in many 

parts of the country. But the integration of forage pastures in food cropping system is not very common. Nowadays, there 

is serious shortage of livestock feed, particularly in the highlands due to the conversion of many grazing lands to 

croplands with the increase in population pressure and demand for cultivation land. Therefore, the integration of forage 

production into farming system is one of the best ways of reducing shortage of livestock feed and ensuring the co-

existence of crops and livestock while also increasing sustainability and productivity of the farming system. 

  
Figure 1: Forage production with crops – Somali Degehabur area  

Purpose and benefits Agro-ecology 
Forage pastures have superior 

nature of biomass (foliage and root 

system) production compared to 

food legumes. Therefore, they 

provide more biomass for 

livestock production, vegetation 

cover for the land and soil 

conservation. The higher biomass 

(foliage and root biomass) 

production, in addition to soil 

conservation has immense effect 

on soil fertility improvement 

because of the incorporation of 

foliage and root system into the 

soil.  Integration of different crops 

also avails better opportunity of 

controlling pests, diseases and 

weeds with minimum or nil costs 

in addition to optimization of 

productivity. 

Integration of forage production into farming system is feasible in all agro 

ecological zones where mixed farming (livestock and crop production) system is 

practiced. Suitable forage species should be identified and integrated to the farming 

system in different forms suiting the farm households in a given agro ecological 

zones. Intercropping of food legumes with maize/sorghum is extensively practiced 

in the most densely populated areas of Southern Nations and Nationalities Peoples 

Regional State. In Afar Region, Farmers using irrigation in the lower Awash 

intercrop haricot beans between maize or sorghum grown in rows )and the practice 

is common in many low land farming areas. 

Fig.2 : Layout of forage development 

 

 

 

 

 

 

 

 

 

Design and method of application 
There are a number of ways of integrating forage pastures into farming system. This includes rotation of the forage 

pastures with food crops, mixed or intercropping with food crops or even planting of forage on farm boundaries. 

Sequential cropping with food crops: is possible in areas where conditions for plant growth exist beyond the duration 

of one early maturing crop.  Short duration forage and food crops can befitted sequentially within the same year. Fast 

growing forage can be planted and harvested early to derive good quality feed. This is especially in areas where land is 

a constraint and high cropping intensity limits natural pasture during the cropping period. Fodder from the subsequent 

food crop will then be available after harvest for the dry season. 

Intercropping (Mixed cropping):-The crops may be grown in separate rows or in a more mixture stand. Selection of 

appropriate crops should be made which will result in a minimum competition effect between the inter-crops and one or 

both crops should have a complementary effect to the other. Legume based pastures also can be grown on farm 

boundaries, on conservation structures, at homesteads and in gullies.  
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Complementarities and Integration opportunities Management requirements 
As land is becoming the main constraint in the Ethiopian highlands, it is 

unlikely that small holder Farmers can grow separate stands of forage 

crops for the foreseeable future. Also there is huge complementarity 

between forage pastures and food crops as the integration of the two 

saves a lot of resources while optimizing the overall economic returns. 

The integration of pasture production into food crops somehow 

addresses the shortage of land to separately grow pastures for livestock 

feed, at the same time it reduces the labor and time required for land 

preparation for separate pasture production. An example of 

intercropping in the highlands involves growing of wheat in association 

with clovers to increase both the quantity and quality of livestock feed 

available without affecting the wheat grain yield. Farmers should be 

technically supported to optimize the complementarities and benefits 

from the association by using more productive forages species and 

integration of income generation practices like small scale animal 

fattening and dairy farm. 

Although the integration of forage into food 

crops grants a lot of multiple benefits, it is 

important to gradually adapt the most 

beneficial methods of integration for optimal 

benefits from practical learning and 

experiences gained in the process of 

implementation over the years.  While the 

above ground biomass is used for livestock 

feed, the root systems and the residue left 

above the ground should be incorporated into 

the soil to improve fertility of the soil for the 

subsequent crops. Thus, there is a need of 

protecting the area from livestock 

interference and cut and carry system should 

be employed for using the products at all 

times. 

Acceptability and sustainability Constraints and limitations 
The technology is highly feasible particularly in Ethiopian 

highlands where shortage of grazing lands is pressurizing the 

people to adopt suitable practice that can overcome the shortage 

of feed for livestock. If the practice of mixed farming (livestock 

and crop production) system should sustain in the highlands, one 

of the most feasible ways of sustaining the system is the 

integration of forage production into farming system. But to make 

the system more attractive and acceptable to the Farmers, it is 

crucial to know appropriate species and methods of integration 

that can optimize the overall benefits from the integration.  

The availability of suitable forage species is one of 

the major factors limiting the initiation and 

expansion of the practice. This might be one of the 

major constraints in adopting integration of crop 

legume mixtures. As free grazing system is a major 

threat to almost all land management and natural 

resources development interventions, the technical 

service providers should help the communities in 

developing effective community bylaws to ensure 

safe protection against livestock damage. 
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Name of Technology STABILIZATION OF PHYSICAL STRUCTURES 

General description  Purpose and Benefits 
Stabilization refers to the planting of 

grass, shrub and tree species in 

different combinations on the 

physical structures such as soil 

bunds, trenches, check dams, SS 

dams, etc, in order to increase their 

stability and resistance against rain 

drops splash effect, runoff and other 

inferences. Physical structures are 

prone to the impacts of mechanical 

actions such as raindrops, gravity, 

etc. and subject to destruction unless 

they are stabilized by vegetative 

measures. Hence, planting of suitable 

plant species on the structures 

stabilizes them with their root system 

and the biomass and/or canopy above 

the ground protects the structures 

from erosive rain drops.  

Stabilization of the structures makes the surface area occupied by the structures 

productive. Stabilized structures would need less maintenance and damages are less 

likely to occur, even during heavy rainstorms. Trees or shrubs help to demarcate 

farm and homestead boundaries, thus provide additional sense of ownership for the 

users. Stabilized areas are an additional source of timber, fuel wood, fiber, food and 
forage, palatable grasses and legumes, fruits and other products (dyes, gum, 

medicinal, etc.). Achieving proper and productive stabilization will also encourage 

Farmers to protect conserved areas and appreciate its effects.  

Agro-ecology 
Stabilization of the physical soil conservation structures with grasses, shrubs and 

trees exist in different parts of the country and the practice is applicable to all agro-

ecological zones and virtually all structures can be stabilized. The potential for 

effective stabilization and production of biomass is higher in medium to high rainfall 

areas because of the better chances of establishing denser and vigorous vegetation 

provided control grazing is ensured. Thus the effectiveness of the vegetation for 

structural stabilization is determined by the amount of biomass and vigor of the 

vegetation, which in turn depends on the climatic (esp. moisture and temperature) 

and soil conditions of the area.   

Design and methods of Application 
 

The design and method of application may vary with the type of plant species such as tree, shrub and grass species. As the 

main purpose of stabilization of the structures is to make them most stable and productive the design and method of 

application should take into consideration these basic principles.  Suitable grass species are the best for structural 

stabilization as they provide dense ground cover and probably more fibrous root system binding the soil particles.  The 

design and method of application for different species is illustrated in the following sections. 

 

Stabilization with tree and shrub species 

Tree/shrub species should be planted at close spacing: 30 to 60cm apart on single or staggered double rows (one on the 

berm and the other at the lower side of the embankment). For fodder production, preferably select nitrogen-fixing tree/shrub 
species such as Leucaena leucocephala, Pigeon peas and Sesbania sesban.  

Stabilization with herbaceous grass and legume species  

All physical structures can be stabilized with grass and legume pasture species including soil and stone faced soil bunds, 

trenches and herring bones. Fodder grass and legume species can be integrated with compatible tree/shrub species in 

different patterns to provide denser ground cover and biomass to optimize the overall benefits of conservation and economic 

returns. In Ethiopia, there are several local grass species suitable for conservation and production purposes, which can be 

preferably used for different purposes in different localities in consultation with local communities. For instance, Desho 

grass from Chencha woreda of the SNNPR is one of the best examples of these types of species.  The Choice of the type of 

forage species is determined based on soil type, water requirements, palatability and biomass production. The planting 

techniques, time of planting, etc and combination of legumes and grasses are the same with the techniques given in contour 

grass strips. 

   
Stabilization of structures with grass species 
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Tree/Shrub species for fuel wood and timber  

This method of application is less effective for structural stabilization, but appropriate for the production of various wood 

products. Usually, single row is preferred to allow the trees to grow bigger and produce more branches and wood products. 

Planting with seedlings is preferable for better survival and establishment. Nitrogen fixing tree species such as Acacia 
species, AlbiziaLebbeck but also Leucaena, Sesbania, and Pigeon peas are preferable to accrue multiple benefits like soil 

fertility improvement and livestock feed.  The species are planted in wider stands (1-2m).Shade tolerant grass species can 

be planted under the trees to optimize the overall amount of biomass production and hence economic benefits. Fruit trees 

and specific multipurpose tree species (AzadiractaIndica (Neem), Cordia, Ziziphus, etc) can be also combined. 
 

Fruit trees 

Fruit trees can be planted along bunds, bench terraces and in ditches, etc. Plantation of fruit trees with prudent management 

techniques such as optimal moisture conservation, soil fertility management and control of free livestock movement is very 

appropriate and grants incredible additional economic benefits.  Preferable fruit tree species include mango, avocado, guava, 

citrus, papaya, banana and other species. Some other drought resistant perishable and non-perishable fruit trees species 

should be tried from other countries. High land fruits such as apples, plums, and peaches can grow at higher altitudes and 

make bench terraces an attractive and productive option. It is always recommended to plant fruit trees in combination with 

other multipurpose and compatible species to optimize the overall benefits.  

 

 

 

 

 

 

 

 

Complementarities and integration opportunities 
Structural stabilization can be integrated with various income generation activities. The structures should be stabilized with 

perennial and persistence crops that do not require frequent disturbance of the structures. Particularly, perennial grass 

species with high biomass production and nutrition value is most appropriate to effectively stabilize the structures on 

sustainable basis while still rewarding great economic benefits. The stabilization of the structures with such species enables 

the integration of small scale animal fattening and/or dairy farm. 

Management requirements 
After1-2 years from establishment and before the crops growing season, tree/shrub branches and foliage should be reduced 

by side pruning to avoid shade and competition for nutrients and water (depending on the type of species). Root pruning 

may be necessary after 2 years to avoid competition with crops. Apply “farmland closure” as a form of controlled grazing.  

Acceptability and sustainability Constraints and limitations 
Stabilization of physical structures rewards a lot of economic and 

ecological benefits that justify its acceptability and sustainability. 

However, acceptability of the technology by the individual 

households or by the beneficiary communities depends on the level 

of awareness about the benefits of the technology. The type of plant 

species, the design and methods of application also make difference 

in realizing the benefits by the beneficiaries.  

Free grazing remains the major obstacle to 

successful establishment of vegetative measures and 

stabilization of the physical structures. Wrong 

selection of species and their arrangement may 

increase weed infestation, shading, and competition 

for nutrients and moisture. 

 



 
69 

Name of Technology COMPOST MAKING (CM) 

General description Purpose and benefits 
Compost is organic matter that has been decomposed in a 

process called composting. This process recycles various 

organic materials and produces the compost. Compost is rich 

in nutrients and used for example in gardens, horticulture, 

urban agriculture and organic farming. Many soils lack 

sufficient ability to hold water, are compacted and lack soil 

microbes that are literally the life of soil. So, it is crucial to 

build soil organic matter content through the application of 

various organic materials such as compost. 

Compost is used to improve fertility and productivity of 

soils to increase crop yields. Compost improves soil 

fertility, enriches soil helping retain moisture and 

suppress plant diseases and pests, reduces the need for 

chemical fertilizers and encourages the production of 

beneficial bacteria and fungi that break down organic 

matter to create hummus, a rich, nutrient-filled material. 

It is one of the best “hidden” water harvesting methods 
available (compost absorbs water 4 times its own weight. 

Agroecology 
Vast experiences exist in preparing and using compost in different agro ecological zones, traditionally and through new 

methods. Pit method is common in moisture stressed areas while heap method in moist Weyna Dega and Dega areas. The 

process of preparing and using compost can be scaled up in most areas including in dry areas if the value and benefits of 

compost is practically demonstrated. In some places compost making can be built upon traditional practice of keeping 

animals under shed at night and collect waste and roughage around the homesteads and fields (Kraal or Ohura traditional 
system). 

Design and Method of application 
In compost making (CM) the priority thing is securing sufficient amount of materials: - roughage, ashes and animal dung 

around the pit. Shaded places and areas having plenty of waste materials for compost making are selected.  The size of 

the pit depends on the amount of material available for compost making. Training (demonstration) of group of Farmers 

in CM is necessary. Link CM with area closure and homestead biomass intensification to secure enough materials as 

appropriate. Collect organic waste, animal manure and ash from kitchens. To carry the materials use a stretcher or a 

basket. Compost making (CM) can be performed by family labor or user groups. It is advisable to keep the materials 

under shade until compost preparation. While selecting site for compost preparation, keep away from areas that collect 

water. In cooler climates, avoid constant shade.  Shred or otherwise cut materials into small pieces before placing them 

on the compost heap whenever possible; smaller pieces will decompose more quickly. Adding thicker, woody material 

will keep air flowing throughout the pile. Vermicomposting is also encouraged to speed up the composting process and 

to produce better quality compost. Procedures for pit and heap methods of compost making are given bellow.  
 

(1) Pit Method (2) Heap method 

Demarcate area for digging the pit using wooden pegs; then excavate 

and prepare the pit. In any case the pit should not be more than 2m wide, 

4m long and 1.5m deep. Start with digging 2 pits, one next to the other 

as shown in Figure 1below. Make a drain at the bottom of the pit to 

protect the pit from excess water. Steps for making compost layers:  

a) Make layer a of material waste (roughage) of about 20 cm thick, 

compact lightly the materials and apply water (moist all layer),  

b) Sprinkling of ash over the layer of plant waste: 0.5 kg/ m2 /layer 

will be enough,  

c) Apply farmyard manure: 3-5 full spades/m2/layer and  

d) Some soil should be also spread (1-2 cm thick) on top of each 

layer. Repeat the same procedure till you reach the top of the pit,  

e) To improve the aeration in the pit, bamboo or other sticks should 

be placed standing in the middle of the pit at every 2m 

f) Cover the pit with dry grasses or other dry residues  

g) The pit is now left for one month, during this period check the 

moisture and add some water to keep the pit moist, never dry or 

wet; usually undertake this task once per week  

h) After a month turns into the second pit and mix the compost. 

Compost is ready after 3-5 months - keep under shade and 

covered. Fig below shows Pit Method Composting 

Demarcate the area for heap preparation using 

wooden pegs. Then dig a shallow pit (30cm 

deep) at the bottom of demarcated site for the 

collection of leached nutrients and moisture. 

The size of the heap depends on the amount of 

organic waste, but it should not be wider than 

2m and 1.5m high, and as long as necessary. 

Then follow all the same steps used in pit 

method for making the layers. The sides of the 

heap can be also covered or plastered with soil 

to some height to keep the heap warm and to 

avoid drying by wind. Nutrients can be 

leached if heap not protected.   

WORK NORM:  1 PD/linear meter (2mW 

x1.5m Height) 

 

Heap Method Composting 
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WORK NORM: Pit: 10 PD/pit (4mL x 2mW x 1.5mD) 

 

Management requirements 
Sprinkle water into the pile when it appears dry. It is important to keep the compost pile moist, but not wet or dry because 

the beneficial organisms that cause the compost to decompose properly cannot survive in a wet or dry environment. Turn 

the compost regularly to ensure proper air circulation which speeds the decomposition process by encouraging beneficial 

bacteria and fungi growth. More frequent turning will help if you need to speed up the process. 

Application rate:-compost application rate depends basically on several factors including the soil fertility status and the 

type of crops. The good news about compost or any most of organic fertilizers like farmyard manure is that the amount 

of nutrients like NPK are not all released in one season, but gradually over the years. So, there is less worry about toxicity 

with over dosages. The problem is often we do not have enough compost to apply the required amount of dosage.  The 

scanty information available on the dosage indicates that about 5 tons of good compost can give us medium benefits from 

the crop and applying about 10 tons can give us optimal crop yields.  But with horticulture crops like vegetables and 

improved forage crops we need much higher rates for optimal benefits. Anyway, it can be flexibly used based on the 

practical experiences of Farmers. 

Complementarity and Integration 

opportunities 
Constraints and Limitations 

Integrated soil fertility management (ISFM) is a set 

of agricultural practices adapted to local conditions 

to maximize the efficiency of nutrient and water use 

and improve agricultural productivity. ISFM 

strategies center on the combined use of mineral 

fertilizers and locally available soil amendments 

(such as lime and phosphate rock) and organic 

matter (crop residues, compost and green manure) 

to replenish lost soil nutrients. This improves both 

soil quality and the efficiency of fertilizers and other 

agro-inputs.  

The limited availability of adequate organic waste materials for 

compost making is one limiting factor. It also requires additional 

labor and time which Farmers sometimes hesitate to commit. The 

bad smell during turning also discourages some Farmers to readily 

adopt the technology.  But all these limitations can be easily 

overcome once the Farmers knew the actual economic and 

ecological benefits of such organic fertilizers as the benefits 

greatly overweigh the disadvantages. The inadequate advocacy on 

compost and other soil organic management techniques, as a result 

of poor agricultural extension system has limited the level of 

adoption, expansion and faster replication of the practice 
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Name of Technology FERTILIZATION AND MANURING 

General Description Purpose and benefits Agro ecology 
While fertilization refers to the application of 

chemical fertilizers. Manuring is the application of 

organic fertilizers such as compost, farmyard 

manure, green manure, etc. to improve fertility and 

productivity of soils.  The technology is very 

crucial to improve fertility and productivity of 

soils to increase crop yields. The practice of 

improving soil fertility with organic manure 

enriches the soil with nutrients and soil organic 

matter content that helps soil retain moisture and 

suppress plant diseases and pests, reduces the need 

for chemical fertilizers and encourages the 

production of beneficial bacteria and fungi that 

break down organic matter to create hummus, a 

rich, nutrient-filled material. 

The application of organic fertilizers 

replenishes lost soil nutrients and 

improves both soil quality and the 

efficiency of fertilizers and other agro-

inputs. Improved soil organic matter 

helps soils to maintain a diverse 

community of soil organisms that in turn 

makes soils healthy. It also helps the soil 

to control plant diseases, insect and weed 

pests, form beneficial symbiotic 

associations with plant roots, recycles 

essential plant nutrients, improves soil 

structure with positive effects for soil 

water and nutrient holding capacity, and 

ultimately improves crop yields. 

The technology is 

applicable to all agro 

ecological zones with 

some modifications based 

on the local conditions. 

Frequent application of 

ash is observed in the 

highlands probably 

because of its lime 

property that improves 

acidic soils. Ash is 

composed of many major 

and minor elements that 

can replenish soil 

nutrients.  

Design and Method of application 
Chemical fertilizers are applied at planting time in different forms:- may be broadcast in the field, applied in the furrows or 

near the planting holes in case of hoe planting system and then covered immediately with soil.  In case of organic fertilizers, 

they may be applied some time, say one week before planting. The organic material is spread in the field ready for planting 

and then plowed under. Also they can be applied to individual plants like fruits and other high value crops. The rate of 

application for chemical fertilizers would be the national recommendation rate. The organic fertilizers rate would be the 

same with the suggestion in compost application. The application of chemical and organic fertilizers is mostly performed 

manually by Farmers and it is labor intensive and taking considerable time. The transportation mechanism includes human 

labor, carts, etc.  Shovels and rakes may be used for spreading (application) of organic fertilizers. Probably it is advisable to 

develop simple mechanical devices that increase efficiency of application of the materials at least until improved 

technologies made readily available for resource poor Farmers. 

Complementarities and integration opportunities 
Soil fertility management technologies are compatible with a number practices such as small-scale irrigation, high value 

crops and other complementary income generation packages that can transform the economy of resource poor Farmers. The 

integration of energy saving technologies such as improved stoves, etc can make the use of animal manure and crop residues 

for soil fertility management easier. The availability of improved livestock breed and intensive production of improved 

forage and multipurpose tree/shrub species can encourage Farmers to focus on few quality animals managed at confined 

management system. This leads to achieving the long inspired improved livelihoods of rural communities and sustainable 

management of the natural resources. 

Acceptability and sustainability Constraints and limitations 
The need of soil fertility improvement to ensure sustainable 

production is well understood among the large majority of 

Farmers. Particularly the acceptability and adoptability of 

chemical fertilizers has greatly increased nowadays. Almost all 

Farmers are keen to get and use the chemical fertilizers. But the 

level of awareness and the number of Farmers using organic 

fertilizers is very much limited compared to chemical fertilizers. 

This clearly shows that much remains to be done on the part of 

the government to raise framers awareness on the value of 

organic fertilizers in sustainable soil fertility and productivity 

improvement. More importantly, the agricultural extension 

technical staffs should be equipped with the required skills, 

experiences, capacity and commitment to change the attitude of 

Farmers on the use organic fertilizers. Farmers should be aware 

that the benefits of organic fertilizers by far overweigh the 

cumbersome nature of its preparation and application. 

The major constraint in proper use of chemical fertilizers 

is affordability to buy and use the recommended rate of 

chemical fertilizers by most of the Farmers. But when it 

comes to using organic fertilizers, the major constraint 

lies in limited awareness on the diverse benefits of the 

technology. Moreover, the limited skill, knowledge and 

commitment on the part of famers and extension staff for 

proper use of the technology appear serious concern. 

Most of the Farmers are reluctant to prepare and use 

compost due to the laborious nature of the task and lack 

of the huge organic materials required for its preparation. 

Burning of the valuable animal manure and inadequate 

soil organic management system is a serious major 

constraint to use the material for soil fertility 

improvement. The limited advocacy on the use of organic 

fertilizers by Farmers is another serious constraint. 
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Name of Technology MULCHING AND CROP RESIDUES MANAGEMENT 

General description Purposes and benefits Agro-ecology 
Mulching is the covering of the soil with 

crop residues such as straws, 

maize/sorghum stalks or standing stubble. 

Mulching, in addition to its positive effects 

on soil structure also helps in reducing 

evaporation and maintenance of soil 

moisture.   The improved soil structure also 

increases  water  ho ld i ng  and 

moisture retention capacity of soils and 

consequently higher water budgets for the 

growing crops. In Ethiopia Mulch is 

applied in several areas around high value 

cash crops such as fruit trees, coffee, etc. 

in order to conserve moisture and also to 

improve soil conditions. 

The cover protects the soil from raindrops, 

drastically reduces splash erosion and 

velocity of runoff. It increases the infiltration 
rate and permeability of soils. The mulches or crop 

residues covering the soil surface are gradually 

incorporated into the soil and improves the soil 

organic matter content, which in turn improves soil 

structure, quality and productivity with great positive 

impact on crop yield. Mulching is strongly 

recommended for tree seedlings planted in dry 

areas with moisture conservation structures 

such as trenches and similar structures to 

reduce loss of moisture and also to improve 

soil conditions for better survival and 

establishment of the seedlings.  

The suitability of mulching for soil 

fertility and productivity 

improvement greatly varies under 

different ecological conditions. In 

cool wet areas the rate of 

decomposition is low and it may 

cause water lodging and reduce 

soil temperature. In the low dry 

environment again the rate of 

decomposition could be retarded 

by low moisture conditions. Thus, 

it appears most appropriate in 

warm and moist environment for 

both erosion control and optimal 

soil fertility and productivity 

improvement.   

Design and Methods of Application 
There are different methods of mulch application including surface and vertical mulching. Surface mulching is a practice of 

spreading residues on the soil surface. Different crop (plant) residues can be applied (based upon availability), especially they 

are very beneficial on fallow lands to prevent soil erosion. It is recommended to spread the residues over the whole surface in 

a 2-5cm thick layer. At least 40% cover is recommended to reduce erosion by 60-70% based on slopes and type of soils. 

Vertical mulching-is applied to increase water infiltration at regular intervals between crops.It consists of opening shallow 

furrows every 2-6m, 20cm deep and along the contours. Then straws or mulch is buried with 20cm of height standing over 

the soil surface. In addition to reducing runoff it substantially increases water intake around the mulch area and nearby crops. 

This operation should be done 40-50days before sowing crops. Mulching of planted tree seedlings:-by the end of September 

it is advisable to cut and mulch the grass around growing seedlings in a thick layer; first around the planted pit and then if 
materials are sufficient inside the water collection ditches. These operations may be repeated after 2 years. 

Work Norms: it includes cut and carry and transport of mulch to site (distance 300m from site max.) and layering of mulch 

over the entire area. For surface and vertical mulching the norm is estimated as 250PD/ha mulched. 

Complementarities and integration opportunities 
Mulching and crop residue management is compatible with many land and crop management practices. The technology is 

fundamental to the improvement of soil organic matter and fertility of the soil and hence its integration with other soil fertility 

improvement practices such as the use of compost, farm yard manure and chemical fertilizers can optimize productivity and fertility 

of the soil on sustainable basis. The traditional and improved methods of crop rotation, intercropping and other land management 

and agronomic practices can be easily combined with the technology for optimization of its benefits. In moisture stress areas the 

technology plays remarkable role in moisture conservation through reduction of evaporation and improvement of moisture retention 

capacity of the soil. Thus, it integrates well with moisture conservation techniques 

Management requirements 
To ensure the socio-economic and ecological benefits of the technology, it is very crucial to control livestock interference from the 

areas being treated. If the mulching material is expected from outside of the area, it is necessary to have areas providing sufficient 

supply of the plant materials for mulching. To reduce the interference of the residues on cultivation operation, it might be necessary 

to undertake some actions to reduce the size of mulching material to facilitate easy incorporation and minimum interference on 

cultivation.   

Acceptability and sustainability 
Acceptability and sustainability of the practice is a major challenge particularly under the current free grazing system. It requires lot 

of efforts to convince the target communities. There are areas greatly benefited from adopting the practice and it is necessary to 

undertake experience sharing visits to such areas particularly to MERET project model sites in Adama woreda of Oromia region and 

Goncha Siso Woreda of Amhara Region.  

Constraints and limitations 
The major constraint for implementation of the technology is the traditional free grazing system.  The lack or inadequate awareness 

of the role of the technology on erosion control, soil fertility and productivity improvement on the part of Farmers and the limited 

skill, knowhow and commitment on the part of technical staff appear another major limitation for the promotion of the technology 

in our country. 
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Name of Technology ACID SOIL MANAGEMENT  

General description 
Low soil pH and associated soil infertility problems are considered to be amongst the major challenges to higher crop 

production in Ethiopian highlands. According to the Ethiopian Soil Information System (Ethio SIS), about 40% of the total 

land area and about 28% of agricultural land is estimated to be acidic. Acid soil can be caused by many things and can occur 

naturally in areas with high rainfall amounts and by geological factors. Some soils have developed from parent materials 

which are acidic, such as granite and that may contribute to some extent to soil acidity. Studies show that significant yield 

reductions, and in more severe cases, even complete loss of production have been reported in several parts of the country 

because of soil acidity. Generally acid soils are common in many areas where rainfall or precipitation is high enough to leach 

appreciable amounts of exchangeable bases from the surface soils and relatively insoluble compounds of Al and Fe remains 

in soil. In general the fertility status of acid soils is very poor and under strongly to moderately acidic soils the plant growth 

and development is affected to a great extent. The crops grown on such problematic soils do not give remunerative return 

rather it lowers down the yield to a great extent. Acid soil conditions impact negatively on soil biological activity. Once a 

soil is found to be acidic, it requires correcting its acidity either though chemical amendment such as liming or some cultural 

management practices in order to improve its fertility status through the modification of soil reaction to a required level. 

Research results show that productivity improvements ranging from 50% to 100% achieved through liming in wheat, barley, 

Teff, soybean and maize under moderate to severe acid soil conditions.  

Purpose and benefits Agro ecology 
Restoring pH levels in Ethiopia’s soil via lime applications to 
agricultural land could enhance major crop productivity. Proper 

liming provides a number of benefits including helping plant roots to 

develop healthier roots because they are less exposed to potentially 

toxic aluminum. Better root growth may enhance drought tolerance. 

Lime will neutralize the acidity by dissolving, whereupon it releases a 

base into the soil solution that reacts with the acidic components, 

hydrogen and aluminum. Nutrient solubility is improved by a higher 

pH, so plants have a better nutrient supply. The optimum pH for most 

crops is 5.8-7.5. Increased soil Cation Exchange Capacity (CEC) 

occurs, as well as reduced leaching of basic cations, particularly 

potassium. Nodulation of legumes is enhanced, which improves 

nitrogen fixation.   

Acid soil management practices including liming 

are applicable in any agro ecological zones where 

soil acidity is limiting crop production and 

productivity. In fact, soil acidity is a major problem 

to crop production in Ethiopian highlands receiving 

relatively high rainfall causing excessive loss of 

nutrients, particularly the basic cations. But soil 

acidity problem is not limited only to Ethiopian 

highlands, but the low and medium altitude areas in 

the south west and western parts receiving high 

rainfall are also exposed to the threats of soil acidity 

problems and requires attention and proper action. 

 Design and Method of application 
Lime requirement of an acid soil may be defined as the amount of liming material that must be added to raise the pH to mixed 

with the soil so that liming reaction can occur in a faster rate. Lime is usually applied to soils in the form of grinded limestone. 

The more pure the liming material, the higher will be its effectiveness for the amelioration of soil acidity. The rate of reaction 

of liming materials with an acid soil depends upon its fineness because finer materials increase the surface contact with the 

soil. If the liming materials are coarse, the reaction will be slight. The amount of finer fraction of liming materials required 

will some prescribed value. This value is usually in the range of pH 5.8 to 7.5 and easily attainable value within the optimum 

range of most crop plants. Generally lime should be applied well ahead of planting (sowing) and broadcasted limes are to be 

well be much less as compared to coarser fractions of the material to achieve a certain pH.  The fineness is measured in terms 

of the ability of a material to pass through a sieve having 60 holes of equal size in one linear inch. Such a sieve is called a 60 

mesh sieve and a material passing through such a sieve is allotted 100% efficiency rating (Fig 1).  

The method of lime application includes spot, band and broadcasting. The application rates may vary with the level of soil 

acidity, soil fertility status and method of application. For instance, if the method of application is broadcasting, the rate of 

application may be higher than spot or band application. Result from Kenya shows that broadcasting of lime at 6 ton/ha gave 

the best maize crop yield than band or spot application. In this study the different methods did not give significant differences 

in the yield, but the rate of 6 ton/ha was superior to the other rates of 2 and 4 ton/ha. 
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Figure 1: The various size of limestone on the level of its effectiveness 

Complementarity and integration 

opportunities 
Management requirements 

Acceptability and 

sustainability 
The importance of management of organic 

matter and manures in acid soil management is 

emphasized in many studies. Given that organic 

litter is so important in the recycling of nutrients 

in the forest, perhaps the inclusion of trees and 

shrubs in the farming system can help in acid soil 

management program. Soil organic matter 

(SOM) has long been recognized as an important 

indicator of soil productivity. Improvementof 

soil organic matter can be achieved by adopting 

appropriate soil and crop management practices. 

These practices include conservation tillage, 

crop rotation, and use of organic manures. 

Given that organic litter is so 

important in the recycling of 

nutrients inclusion oftrees in these 

systems may stabilize the soil, 

recycle nutrients from the subsoil 

and provide leaf litter to protect the 

soil surface contributing to 

buffering of the negative impacts of 

soil acidity. Choice of acid-tolerant 

crop varieties and use of compost 

and farm manure may further 

reduce the amounts of lime required 

and make farming more attractive. 

Acceptability and sustainability of 

the technology is becoming 

obvious in areas affected by soil 

acidity and where Farmers 

perceived well the importance of 

liming. In areas where the use of 

lime showed significant 

improvement in crop yields, the 

acceptability of lime is quite high 

and sustainability of the use of the 

technology will be guaranteed 

particularly if the availability and 

economic capacity of Farmers is 

reliable. 

Constraints and Limitations 
The major constraint to the adoption and expansion of the technology could be the cumbersome nature of the material for 

handling and application. The material is so bulky and difficult for transportation and application in the field. Moreover, the 

quality and effectiveness of the material greatly varies (Figure 1) and getting the most effective material could be a limiting 

factor. Thus, the current method of lime application and the availability of quality material could be among the major factors 

limiting the effective use of the technology. 
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Name of Technology CONSERVATION TILLAGE 

General Description Purpose and benefits 
Conservation tillage is a tillage practice aimed at creating favorable 

soil environment for germination, establishment and plant growth. 

Tillage operations can loosen, granulate or crush or compact soil 

structure, changing soil properties such as bulk density and pore size 

and its distribution. Conservation tillage is, therefore, designed to 

avoid the tillage operations that destroy soil structure entailing 

problems of surface sealing and soil compaction with ultimate effect 

of ecological and economic shortfalls. The objectives of 

conservation tillage include improvement of soil structure, soil 

permeability, soil aeration, root penetration, destruction of pests, 

soil inversion etc.  Good seedbed is necessary for early seed 

germination and initial good stand of the crop.  The seedbed should 

be fine for small seeded crops and moderate for bold seeded crops.  

Intimate contacts between the soil particles are necessary to 

facilitate movement of water for quicker germination. Conservation 

agriculture covers a spectrum of non-soil-inversion practices, from 

zero tillage to reduced tillage, aiming at maximizing infiltration and 

soil productivity and minimizing water losses while simultaneously 

conserving energy and labor. Minimum tillage and Zero tillage 

systems safeguard the soil fauna and the pore structure created by 

them. Because these systems tend to maintain more stable soil 

temperature and moisture regimes, they also protect the microbial 

population during the period of high temperature and prolonged 

drought. 

 
Fig 1: Conservation tillage reduces the cost of production by 10-20% 

Conservation tillage is proposed as one of the most 

promising means of reducing soil erosion and 

stabilizing crop yields in the rain fed farming systems 

of sub-Saharan Africa. Undisturbed soil that is 

permanently protected by vegetative cover improves 

the native ecosystems, including maintenance of 

porous and soft soil layers through litter 

accumulation, intense biological activity, movement 

of soil fauna, and root growth. These functions 

improve efficient water, heat, and gas transfers within 
the entire soil profile. The presence of crop residues 
on the soil surface minimizes soil evaporation, and in 

the regions of low rainfall it can conserve water and 

increase crop water use efficiency thus improving 

crop yields. Conservation tillage entails a reduction in 

soil manipulation, thereby minimizing the energy 

required for tillage and the retention of some crop 

residues on the soil surface even during seeding 

operations. The ultimate goal is to reduce soil nutrient 

and moisture losses. It has also been found that the 

straw enhances the formation of soil organic matter, 

which can store water better but also improves the 

nutrient availability for crops to be grown on that land. 

Agro ecology 
It can be adapted and used in different agro-ecological 

zones with certain modifications based on soil and 

crop types and socio economic and cultural 

conditions. Tillage operations and the management of 

crop residues are important in water conservation, 

particularly in dry areas. In semi-arid regions, a 

change from conventional to conservation agriculture 

is known to increase crop productivity by 20-120% 

and water productivity by 10-40%. However, 

potential disadvantages include higher costs of pest 

control. 

Design and method of application 
Crop residues can and in many cases should be left over the surface as stubble mulch to protect against evaporation and 

erosion losses.  Recently, considerable change has taken place in tillage practices and several new concepts have been 

introduced, namely, minimum tillage, zero tillage, stubble mulch farming etc. They often involve crop residue management; 

according to some information, conservation tillage is defined as tillage system in which at least 30% of soil surface is covered 

with crop residue. Some of the conservation tillage practices are described below. 

Zero tillage: - is a tillage practice in which land remains untilled before planting, but planting furrow or hole is opened at 

planting. Zero tillage is an extreme form of minimum tillage. Zero tilled soils are homogenous in structure with more number 

of earthworms.  The organic matter content increases due to less mineralization.  Surface runoff is reduced due to the presence 

of mulch.  The favorable effects of zero tillage on soil physical properties are apparent after two years of its practice. 

Minimum /Reduce tillage: -is a tillage practice in which the least possible tillage operation is performed to break up hard 

pans/compacted layers and hence to increase infiltration/water storage capacity of the soil and to minimize resistance to root 

development.Minimum tillage is aimed at reducing tillage to the minimum necessary for ensuring a good seedbed, rapid 

germination, a satisfactory stand and favorable growing conditions. Minimum tillage has certain advantages improved soil 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=semi-arid
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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 structure; less soil 

compaction by the reduced movement of heavy tillage vehicles and less soil erosion compared to conventional tillage. 

Mulch tillage: - is a tillage operation consistent with the principles of least soil disturbance and maximum crop residue 

application/maintenance. The crop Residue is often shredded and incorporated. The practice also includes in-situ mulch 

management system where residue of dead or chemically killed cover is left in place. 

Strip/Zonal tillage: - is a tillage practice in which the seedbed is divided into two, that is seedling zone and soil management 

zone. 

Complementarities and integration 

opportunities 
Management requirements 

Conservation tillage needs to be integrated with various 

cultural and improved methods of weed control.  Mulching 

and crop residue management could be one the most 

compatible methods for optimizing the suppression of 

weed growth and improving fertility and productivity of 

the soil. Mulching and crop residue management also 

gradually improve the soil organic matter content that 

greatly contributes to the reduction of infestation of the 

land by pests and diseases. In dry areas, moisture 

conservation techniques are compatible to improve the 

moisture conditions. The integration of cover crops and/or 

green manure crops can further optimize the suppression 

of weed and improvement of fertility and productivity of 

the soil.  

The major management activities needed should be targeted at 

controlling weeds and improving the porosity and permeability 

of the soil to improve soil conditions for easier root system 

development, aeration and water circulation to improve the 

growth and vigor of the plants.  Weed control may be the major 

management challenge that should be seriously considered and 

taken care of in conservation tillage practices. Free grazing 

system should be strictly controlled and animals should not be 

allowed to graze in the field. Higher dose of nitrogen has to be 

applied, as mineralization of organic matter is slow in zero and 

minimum tillage.  As the chances of buildup of perennial weeds 

and pests are high in this system, it is important to closely 

monitor and control them. 

Acceptability and sustainability Constraints and limitations  
As the practice is not commonly used and there is lack of 

success stories with conservation tillage, certainly the level 

of acceptability and suitability of the practice could be very 

low.  In order, to increase its acceptability and 

sustainability, it is critically important to demonstrate the 

comparative advantages of the practice in terms of 

economic and ecological benefits. The design and method 

of application should be done by professionals, well skilled 

and experienced technical people to clearly demonstrate 

the comparative advantages of the practice in a way it 

gradually changes the mindset of the farming communities 

about the conventional tillage practices.  

In minimum or zero tillage higher dose of nitrogen has to be 

applied as the mineralization of organic matter is slow. The 

chances of buildup of perennial weeds and pests are expected 

to be high in zero and minimum tillage. Seed germination is 

lower with minimum tillage suggesting the need of using 

higher seed rates. The residues left on the surface in mulch 

tillage may interfere with seedbed preparation and sowing 

operations. The major constraint and limitation to promoting 

conservation agriculture is the long history of mind set of the 

entire farming communities about conventional tillage 

practices. Farmers consider that thorough cultivation is the best 

way of seed bed preparation for optimal production.  
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Name of Technology AREA CLOSURE AND MANAGEMENT  

General description Purpose and benefits  

Area closure and management in Ethiopian context can be 

defined as a degraded land (land not suitable for agricultural 

purposes such as cultivation and grazing, that has been excluded 

from human and livestock interference for rehabilitation with 

interventions for management and utilization purpose.  

The inception of area closure and the experience of the 

management date back to the early eighties, which very much 

relates to the beginning of large-scale land rehabilitation and soil 

and water conservation program in Ethiopia. The process of area 

closure has been one of the strategies for rehabilitating degraded 

lands within the catchments delineated for rehabilitation and soil 

and water conservation program. However, the rate of recovery, 

productivity and the carrying capacity as well as the economic 

viability of the area closures very much depend on the 

appropriateness of the technological interventions and 

management practices. The experience of large-scale area closure 

management in Ethiopia proved that area enclosure is one of the 

most effective ways of rehabilitating the degraded lands and 

restoring their productivity. It increases communities’ benefits 
from native and introduced multipurpose trees, grasses and some 

cash crops. 

The practice of area closure and its management has 

become very common and important tool to the 

rehabilitation of degraded lands in most of the highlands 

where land degradation has become pervasive due to the 

long history of agriculture, increased population 

pressure and poor land management practices. Area 

closure is not useful only for rehabilitating degraded 

lands, but also it is becoming a key tool for increasing 

biomass productivity and production per unit area that 

increases the carrying capacity of lands. The practice of 

area closure when integrated with appropriate physical 

and biological soil conservation measures restores the  

hydrological balance and productivity, stabilizes the 

degraded ecosystem and minimizes shortage of land,  

reduces pressure on adjacent potential lands, prevents 

siltation of water resources, flood damage to 

downstream farmlands, villages, infrastructures and 

lives; consequently it restores balance  between carrying 

capacity and population pressure. 

Figure 1: Typical area closure 

 

Agro ecology 

Area closure is suitable for the rehabilitation of 

degraded lands in most of agro-ecological zones with 

certain modifications in terms of its management and 

communities’ participation. So far the most successful 

area closure management in Ethiopia is noted in the 

highland farming areas and to a lesser extent in agro 

pastoral areas. 

Design and method of application 

In order to protect the right of land users and to make the process and procedures of closing degraded lands fair and judicious, 

certain criteria have been developed and used in deciding the lands meeting the requirements. Lands considered for closure 

are those lands lost productivity for cultivation or grazing, often known as communal lands and characterized by loss of 

fertility, depletion of vegetation cover to less than ten percent, reduction of the soil depths to less than 25 cm and excessive 

exposure of rocks and advanced stages of gully development and eventually fail to produce any crop or vegetation at all 

leading to the abandonment of such lands. Hence, such lands are considered for exclusion (closure) for rehabilitation. The 

procedure for closure and rehabilitation should consider the community as major actors at all stages of development. 

Accordingly, the community should play active role in problem identification, selection of technology (development 

options), in reviewing and designing strategies for improvement, in developing management and administration strategies 

and utilization of the products. In order to minimize the problem of feed shortage for stall feeding after the closure of the 

land to free grazing, it is necessary to optimize forage production from other sources. This can be achieved by integrating 

improved forage production into farming system through the establishment of fodder banks on selected plots, intensification 

of forage production on conservation structures, farm boundaries, in gullies, adopting backyard forage development 

strategies, ley farming, increasing the productivity of grazing lands by introducing improved forage species and management 

practices.  

Complementarities and integration opportunities 

The vast area closures across the country should be converted into infinite sources of income, aesthetic values and treasury of 

human kind. These areas have proven to generate huge amount of biomass, many folds higher than before rehabilitation that can 

be used for livestock feed and other purposes. Moreover, these areas have become unprecedented haven of beekeeping and can 

be used as special place for apiculture industry. Area closure can be integrated with improved forage production and small scale 
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animal fattening and dairy farming. The water sources from these conserved areas can be used for irrigating the downstream 

areas. The practice is also compatible with the protection of downstream proprieties. The downstream villages, farmlands and 

lives are rescued from flood damages and the tragic consequences. The communities have many socio-economic and ecological 

benefits, which improves their lives in their localities. These immense economic and ecological benefits can be relished and 

appreciated by the communities if supported by appropriate technologies and technical guidance. 

Management Requirements 

Absolute control of livestock interference is compulsory to get the maximum impacts of closed area management. The human 

and livestock interference is protected either by guards or the beneficiary households taking turn to safeguard the area against 

encroachment. The method of area closure management slightly varies from place to place, but in most cases the area closures 

are protected against encroachment by guards. In spite of the similarity of the method of protection, the level of protection 

and safety of the area greatly varies from place to place depending on the arrangement of assigned guards. In areas where 

the guards are hired on full time basis the area is relatively better protected because of the consistency in the protection. In 

contrast, in areas where guards are hired on part time basis, the level of encroachment is very high because of the 

inconsistency in the time guards are on duty. The experiences show that protection of the area closure is strict when the 

community is fully committed for the safety of the area and ready for backing the guards. Such commitment indeed requires 

support of formal regulations and actions as per the community bylaws. The community should be organized into formal 

groups for proper management and utilization of the closed areas and AC sustainable management should be supported by 

strict regulations based on the community bylaws for management and utilization.  There should be close follow up, 

supervision and technical support from the responsible technical staffs at all levels, particularly from woreda and kebekle 

levels. Work norm for site guard is 4 person days/ha/year.  

Also it is necessary to control the competing vegetation with planted species in a 50cm radius. In general, continuous soil and 

plant manipulation is needed to optimize the benefits. It is also necessary to leave unplanted strips (grass strips) perpendicular to 

the direction of wind at certain intervals to control fire hazards. The strips left unplanted, at given intervals, to control fire hazards 

should always be cleared off any vegetation to make it effective in controlling the fire hazard. Moreover, the relevant teams of 

experts (multidisciplinary team) need to develop a management plan in consultation with the communities at the earliest possible 

for every area closure to optimize their economic and ecological benefits and ensure sustainability of the area closures as well as 

the economic benefits for the communities. 

Although, there is no well-defined management plan for: deciding the proportion between grass and trees, thinning or pruning to 

minimize the suppression of dominant tree species and for removing weedy vegetation that suppresses the productivity of 

desirable species, etc. is critically important to maintain (build) the interest of the community and to optimize the level of benefits. 

For the first few years the vegetation (especially the grass) is often allowed to freely grow and disperse seeds and expand from 

the vegetative parts. When the area is fairly covered with vegetation and the risk of soil erosion is minimized, cut and carry 

management and utilization system is employed to ensure sustainability of the assets created. In order to maintain optimal 

production of the livestock feed it is essential to eliminate (replace) the unproductive species. 

Acceptability and sustainability 

The value of rehabilitation of degraded lands and area closure management is well appreciated and accepted by the communities 

for the restoration of productivity of degraded lands and sustainable management of the natural resources in many localities in 

our country.  However, there are external interferences and violation of the rights of user communities in some localities eroding 

communities’ sense of ownership and sustainable management of the areas. Such interferences can seriously affect acceptability 

of the practice and sustainability of the assets created. But if such inferences are prevented and the communities are enjoying all 

the ecological and economic benefits of the practice acceptability and sustainability cannot be a challenge for the implementation 

and expansion of the practice. 

Constraints and Limitations 

Some of the social factors threatening sustainability of area closures are the traditional free grazing system followed in many 

places in the country and the illegal intervention of some community members, particularly in areas where there is lack of strict 

regulations backed by community bylaws. This is mainly attributed to the inadequate community participation and empowerment 

of the community for the development, management and utilization of the assets as well as lack of strict regulations backed by 

community bylaws. It is noted in some areas that the kebele administration overtook the decision making power and the income 

from sales of grass without the consensus and authorization by the communities. This is the most deleterious factor eroding 

communities’ sense of ownership and commitment for sustainable management and should be avoided at any cost. Also the 
failure of adequately restoring the productivity of AC due to the inadequate use of appropriate type and mix of technologies can 

lead to lack of communities’ commitment and interest for sustainable management of the AC.  The commitment and competence 
of the technical staffs providing technical supports also affect the success of sustainable management of the AC. 
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Name of Technology REVEGETATION/ENRICHMENT PLANTATION   

General description 
Re-vegetation and/or enrichment plantation measures are measures applied to degraded lands that lost their vegetation cover, 

biomass and biodiversity with the intention to restore the lost productivity; biomass, biodiversity and vegetation cover following 

the treatment of the area with various moisture and soil conservation measures. Indeed, the first and foremost focus on the 

rehabilitation of degraded lands would be controlling the flood and accelerated run off through the construction of intensive 

water harvesting and soil and water conservation structures including hillside terraces,  percolation ponds, contour trenches, and 

various micro basins on the hill sides and sediment storage dams (SS-dams) and check dams in gullies. The re-vegetation and/or 

enrichment plantation stabilizes the physical soil conservation structures, and stabilize degraded/fragile lands, restores and 

increases the biomass, biodiversity, vegetation cover and the productivity of degraded lands. These measures are made of various 

vegetation; predominantly trees, shrubs, grasses and herbaceous legumes applied in combination or pure in various forms for 

different ecological and socio-economic purposes. 

 
Rehabilitated degraded lands through re-vegetation and conservation measures 

Purpose and benefits 
The vegetative measures, in addition to increasing productivity, increase the biomass production and biodiversity of degraded 

lands. They are essential for restoring the hydrological balance, stabilizing the ecosystem and forming green environment 

suitable for the habitants and local agricultural system as a whole. The stabilization of degraded ecosystem and the increase of 

productivity and production minimize shortage of land, reduce pressure on adjacent productive lands, prevent siltation of water 

bodies (reservoirs) and flood damages to the downstream farm lands, villages, other properties, lives, etc. It also helps in restoring 

balance between carrying capacity and stocking rates as a result of increased productivity and hence carrying capacity of the 

degraded lands. The biomass provides substantial amount of livestock feed, fuel wood and construction materials or creates 

opportunity for generating income from the sales of the products. The increase in the biomass production also increases the 

population of wild animals and esthetic value of the environment.  

Agro ecology   Complementarities and integration opportunities 

The technology is more appropriate for areas receiving 

sufficient amount of rainfall for reliable establishment and 

survival of the vegetation. Sufficient moisture is also 

required for vigorous vegetation growth and vegetation 

cover to effectively control the runoff. Accordingly, it is 

applicable to many parts of the country receiving fairly 

good amount of rainfall for the survival and establishment 

of planted species. Especially Dega and Woyna Dega agro 

ecological zones where the amount of rainfall is sufficient 

and evapotranspiration is relatively low the intervention is 

very relevant and effective.  The technology could also be 

applicable to dry areas where supplementary irrigation and 

systematic in-situ moisture conservation practiced. 

The re-vegetation and/or enrichment plantation measures are well 

compatible with the existing native vegetation and other income 

generation packages provided suitable and appropriate plant 

species are used. Depending on the interest of the beneficiary 

communities and soil and climate conditions right type of plant 

species and high value crops should be used to optimize the 

complementarity and integration benefits.  Depending on the 

moisture conditions, technical supports and communities 

commitment for proper management, high value crops such as fruit 

crops, improved forage species, small scale animal fattening, 

beekeeping; etc packages can be well integrated.    

Design and Method of application  
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In such degraded ecosystem it is much better to prepare the pit long before the planting time; the longer the period before 

planting, the more favorable conditions would be created for the seedlings. Thus, pits should be prepared at least six months or 

one year ahead of planting for optimizing the success of establishment and higher survival rate of planted seedlings. During pit 

preparation the top soil and the sub soil should be put separately and the top soil should be mixed with various organic materials 

such as crop residues and filled first in the soil and the subsoil on the top. This allows the organic matter to decompose and mix 

up with the soil creating conducive environment for the seedlings at the time of planting.  The other factor seriously affecting 

the survival rate and establishment of the seedlings is the position of the planting pit and the level of the pit depth in relation to 

the level of harvested water in the basins (any structures constructed for water harvesting or moisture conservation). Quite often 

planting pits prepared at higher level (close to the surface of the land) whereas the harvested water (conserved moisture) in the 

structures is accumulated at much lower level from the surface and the roots of the seedlings cannot access and make use of the 

harvested water (conserved moisture). This is a big mistake and waste of resources; i.e. the purpose of water harvesting in 

planting sites is to supply adequate moisture to the growing plants and if the planted seedlings cannot easily access the conserved 

moisture then the efforts of water harvesting and moisture conservation are not relevant. Therefore, it is critically important to 

make sure that the root level of planted seedlings is in such away the harvested water (conserved moisture) gradually moves 

towards the root zone of the seedlings, i.e the seedling planting zone should either be lower than the harvested water (conserved 

moisture) level or at least in the same level. Therefore, the positioning of the planting pit and its depth in relation to the water 

harvesting structures should be correctly arranged from this perspective.  

There are various forms of planting materials including seeds, seedlings, root splits and stem cuttings and different planting 

methods used for the re-vegetation or enrichment plantation of degraded lands.  The forms (patterns) of planting could be 

dispersed or strip planting depending on the conditions of degraded lands and interest of the beneficiary communities. Dispersed 

planting is a planting system where the whole area is planted with the seedlings in dispersed manner throughout the closed area. 

Strip planting is a system where the planting of seedlings is made in alternate strips prepared in certain intervals.  The size of 

each strip and the distance between the consecutive strips varies depending on various factors such as community needs for 

grass, etc. When the need for grass is high, then the size of strips would be smaller and the distance between the consecutive 

strips would be longer. Because of the vegetative forms like seedlings, root splits and stem cuttings are in growing process; they 

have more energy reserves and/or growing organs for better establishment and survival when planted out in the field. Therefore, 

when the vegetative forms are available and the transportation facilities and establishment costs are not discouraging, it is 

preferable to use the vegetative forms. However, it could be difficult to always use the vegetative forms of planting materials 

because of the difficulties in transportation and high transportation costs. This is especially a problem when the transportation 

distance is far and a large area of land is to be covered in a short period of time. Thus, under this condition it would be preferable 

to use seeds.  

Planting techniques slightly vary with the different forms of planting materials. While the use of seed allows flexibility of 

broadcasting and /row planting, the use of vegetative forms of planting materials limits the technique to /row planting. The 

planting technique should always ensure good soil-seed/seedling contact for good survival and establishment. The details of 

planting techniques are available in other InfoTech’s described for vegetative measures.   

Species selection and composition: the type and quality of species is determined by their merits for stabilizing and rehabilitating 

the degraded ecosystem, meeting the multiple needs of the community and quality for increasing the carrying capacity of the 

land. Mono plantation is not preferred for sustainable production and protection of the environment. So, to guarantee effective 

ground cover, to allow under story/multi-story growth and exploitation of the physical resources (water, nutrients, etc of the soil) 

for maximum production, mixed plantation with various types of tree, shrub and herbaceous species is desirable.  Therefore, we 

should go for diverse species and mixed plantation. The suitable species for meeting such requirements are given bellow for the 

various agro climatic zones. 

Degaagro-climatic zone: Acacia melanoxilon (Omedla), A. decurrence, Eucalyptus globules, Grevillearobusta and Croton 

macrostachyus and Tree Lucerne, etc from tree/shrub species; Setaria and elephant grass in the lower and mid altitudes; Desho 

grass in mid and high altitudes. 

Weinea-dega agro-climatic zone: Acacia saligna, Eucalyptus cameldulensis, Croton macrostachyus, Grevillea robusta and 

Leucaenaleucocephala, Sesbania species, Pigeaon peas, etc from the tree/shrub species and Rhodes grass, Guinea grass, elephant 

grass, Desho grass, Lablab, Siratro, etc from grasses and legumes.  

Kollaagro- climatic zone: A. saligna, Azadiractaindica, Cassia Siamea, E.cameldulensis, Parkinsoniaaculata and Shinus mole, 

Leucaenaleucocephala, Pigeon peas, etc from tree/shrub species and Buffel grass, Rhodes grass, Siratro, Stylos, etc from grass 

and legume species.  

Management Requirements  
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The first and foremost important management required to achieving the objective of re-vegetation and/or enrichment plantation 

is guaranteeing the protection of the site from external inference, particularly from livestock interference. Weeding, cultivation 

and mulching of the seedlings during the initial stage of growth (3-4 years) is an essential management requirement to optimize 

the survival rate and establishment of the planted species. A replanting activity to replace the failed seedlings takes place on 

yearly basis until the gaps are filled up.  Improvement of the soil conditions is critically important to optimize productivity of 

the site and to optimize benefits from the introduced interventions and other complementary income generation packages. 

Particularly, intensive soil fertility management techniques such as soil organic matter monument and moisture conservation as 

well as supplementary irrigation could of paramount importance if high value cash crops are integrated to achieve the expected 

economic and ecological benefits. 

Acceptability and sustainability 

The practice of re-vegetation and enrichment plantation in closed areas is associated with area closure management andthe 

acceptability and sustainability of the practice is similar to area closure management.  

Constraints and Limitations 
One of the major limitations in the re-vegetation and enrichment plantation of degraded lands is the slow process of the 

rehabilitation before obtaining good amount of biomass production to meet communities’ needs.  The capacity of such lands to 
produce biomass and vegetation cover greatly varies from place to place depending on the variability of environmental factors 

such as amount and distribution of annual rainfall, soil conditions, the level of degradation and the type and quality of the 

development intervention, etc. In areas where the land completely lost its productivity and turned to barren/rock outcrops, the 

rate of recovery is very low and the biomass production either from planted or naturally regenerating species is also very limited. 
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Name of Technology 
REHABILITATION AND CONSERVATION OF GRAZING 

LANDS 
General description 
Rehabilitation and conservation of grazing lands refers to the application of appropriate packages to the grazing lands lost 

productivity or having sub-optimal productivity to control the accelerated soil erosion and to increase their productivity. Grazing 

lands are lands delineated by individual households or by the community for livestock grazing. Most of the grazing lands in 

Ethiopia are excessively overgrazed; the stocking rates are too high compared to the carrying capacity of these lands. 

Productivity of these lands is very low because of the replacement of productive species by poor species and due to the reduction 

in the percentage of ground cover. Erosion damage is serious as the impact of raindrops and overland flow is very high. 

Grasslands generally need time to regenerate sufficiently, to provide 70 percent ground cover at times of erosion risk; but the 

application of this principle and practical action to mitigate the problem is missing in Ethiopia. The first and most essential 

approach in grazing land management is the establishment of balance between the stocking rates and carrying capacity of the 

grazing lands. 

Purpose and benefits Agro ecology 

The main purpose of this particular intervention 

is to increase the amount of vegetation cover, 

quantity and quality of biomass production with 

aim of increasing livestock production, while 

ensuring sustainable productivity and 

management of the grazing lands. The increase 

in the amount of biomass production and 

vegetation cover also helps in effectively 

controlling soil erosion.  

Grazing land management measures are applicable to all agro climatic zones 

with some modifications in the approach, technologies and species selected. 

In areas receiving high rainfall, the potential for increasing biomass 

production and vegetation cover is much higher than areas receiving low 

rainfall and moisture stress areas i.e. the success of gaining better economic 

and ecological benefits with the application of the measures is much higher 

than moisture stress areas. In moisture stress areas the level of its success very 

much depends on the effectiveness of moisture conservation measures and 

productivity of multipurpose species introduced. 

Design and method of application 
Complementarities and Integration 

Opportunities 
The first and most essential approach in grazing land management is the 

establishment of balance between the stocking rates and carrying capacity 

of the grazing lands. One of the development options to restore a balance 

between the stocking rates and carrying capacity is the improvement of 

productivity of grazing lands. However, there is a maximum limit beyond 

which productivity of grazing lands cannot be increased. After increasing 

the productivity of grazing lands to the optimum level, if their carrying 

capacity is still below the stocking rates, there is a need to consider 

destocking or other options for increasing forage supply from other sources. 

Probably diversifying the livelihood packages into non-farm activities may 

encourage Farmers for destocking. In moisture stress areas contour 

furrowing can conserve moisture and reduce runoff contributing to 

increasing the quality and quantity of pasture production. The introduction 

of productive forage species and the application of manure or commercial 

fertilizers along with improved livestock breeds and moisture conservation 

measures can be beneficial in many areas. The two feasible techniques for 

introducing productive forage species are over sowing and strip planting. 

Conservation of grazing lands and the integration 

of productivity packages greatly increases the 

quality and quantity of livestock feed that makes 

the integration of small animal fattening and 

dairying very profitable and attractive venture.  In 

addition, different grazing land management 

techniques also help to maintain sustainable 

productivity of grazing lands. These management 

practices include proper farm planning, early 

stock reduction in droughts and fodder 

conservation. Degradation of grazing lands is 

intensified by poor (inappropriate) farm planning 

in large grazing lands like pastoral areas. Proper 

farm planning such as siting of fences, water 

points, and gates to avoid stock concentration in 

erodible areas, can greatly reduce the risk of soil 

erosion. 

Management Requirements 

Freeing grazing lands from livestock interference at certain period of the year is critically important to maintain the productivity 

and sustainability of grazing lands. Resting is a very important management strategy to prevent grazing lands against degradation 

and to maintain their productivity. Plants have three growth stages: early period of slow growth; middle period of rapid growth; 

and final period of slow growth. The early period of slow growth is often a period when plants start to grow with the onset of 

rains after long dry season in which the plants are overgrazed and lost vigor. The plants start growing slowly until they form 

enough ground cover mainly because of the limited energy reserve in the plant parts and limited amount of ground cover 

intercepting the solar energy for photosynthesis. 
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Allowing animals to graze early in the growing season, or after fire, will deplete the pasture energy reserves. After seven 

or eight weeks of growth, grazing would have little effect. During dry season the plants remain dormant and maintain their 

energy (food reserves), which helps them for regeneration at the onset of rains. Thus, grazing during the dormant period 

does not affect the survival of plants as it does at the onset of rains. The onset of rain is a critical period for plants survival 

and it is a period when most plants disappear as a result of over grazing. Therefore, it is critically important to protect 

livestock interference during this period. Improved grazing management systems shall be incorporated (Controlled 

grazing, rotational grazing cut and carry etc..) 

Acceptability and 

sustainability 
Constraints and limitations 

As it is true for any practice, lack 

or inadequate knowledge and 

awareness of the benefits of this 

practice can pose challenge to the 

acceptability and sustainability of 

the conservation of grazing lands. 

This requires prudent design and 

implementation of the practice in 

away the beneficiary 

communities witness clearly the 

benefits and advantages of 

realizing conservation of grazing 

lands. 

Poor livestock management practices, particularly the free grazing system and 

overstocking and hence overgrazing have been identified as the major causes of 

grazing lands degradation. The inadequate and infrequent practices of resting grazing 

lands often led to the depletion and gradual disappearance of productive species 

leading to the replacement of productive species by weedy species. The limited 

availability of improved livestock breeds and improved forage species often does not 

encourage the Farmers for holding smaller number of livestock and stall-feeding. This 

calls for addressing the root causes of the problems by introducing innovative 

technologies remunerating Farmers with economic benefits.  The practice of stall-

feeding (zero grazing) can be realized if biomass production from forage trees and 

shrubs, herbaceous legumes and grasses from different land uses (closed areas, 

grazing lands, croplands, stabilized gullies and homesteads), intensified and readily 

available for the livestock feed.  In line with the improved livestock management 

practices, improved breeds (if possible) need to be introduced to guarantee higher 

economic returns. 
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Name of the technology SEED COLLECTION  

General Description 

¶ Trees are propagated either through vegetative or from seeds. Seedlings can be produced either 

from natural regeneration or artificially from seeds in the nursery. Those types of trees that 

can be propagated from coppices, root suckers etc also can be reproduced from seeds in the 

nursery and hence require seed collection, handling and proper management.  

¶ Seed collection needs careful selection of mother trees because the nature of the trees affect 

the quantity and quality of products obtained from the tree. The best seeds come from strong 

and healthy parent trees. In general, good seed produces good tree. Quality seed implies a seed 

that is highly viable, vigorous and genetically well suited to the site and the purpose it is 

intended for. 

¶ In most cases propagation by seed is the easiest and cheapest method for multiplying and 

expanding various tree species, while the vegetative propagation method can be a good method 

of propagation of tree species, but it may be costly to transport large quantity of vegetative 

materials to distant places.  

¶ Seed collection is divided into two: 

(1) Seeds of tree species: mostly for indigenous trees to grow in nurseries for specific and 
multipurpose uses.   

(2) Legume, shrubs and grass seeds: can be used for stabilization, homestead plantations, 

grazing lands improvement, support to nurseries, fencing, gully control. This activity is 

especially valuable for grass seeds collected outside the nursery areas and seed 

multiplication centers, particularly native grasses of particular value for their palatability 

and adaptation to local conditions.  

¶ Valuable seeds can be collected and networked between woredas and regions. The collection 

of local seeds is an effective way to protect valuable planting materials from extinction and to 

replenish depleted areas with materials collected from other areas. 
 

Geographical extent of use 
Seed collection is applicable to most of agro ecological zones preferably where diverse and large number of the required 

species exists. Under Ethiopian conditions moist and warm middle altitude appears the most suitable area for seed 

collection because of the accumulation and existence of naturally growing dense and diverse forest species. Diverse and 

large quantities of artificially grown tree species existed in urban and rural areas in different agro ecologies are also 

potential areas for seed collection. 

Technical design requirements 
The genetic quality of the parent tree species is an important 

consideration in seed collection because of characteristics such as fast 

growth, tree form, and resistance to diseases and insects can be passed 

on from the generation to the next.  Therefore, seeds should be 

collected from mature good mother trees. Thus, collect seeds only from 

healthy and vigorous trees of reasonably good form, middle aged to 

mature trees. 

Seeds should possibly be collected from dominant or co-dominant trees, 

which are better both in form and height than the existing trees.  

Avoid seed collection from:  

­ Young or over-mature trees, because of the seeds from those trees 

have low viability;  

­ Trees that are crooked, deformed, abnormal growth, diseased and 

infested by insects;  

­ Isolated trees, as they tend to self-pollinate; seedlings from those 

trees are either weak or malformed. 

Seeds and fruits can be collected by: 

­ Hand picking from a standing tree shrubs and trees that have low 

branches;  
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­ Cutting the branches that bear the seeds or fruits with the help 

of long pruning saw and collected from ground; 

­ Climbing up the tree, or shaking trees to collect seeds by laying 

canvas on the ground. 

Period of Implementation across Season 
Seeds must be collected when they are ripe and ready for collection. Seed maturity can be detected easily for fruits and cones 

by their color. Most fruits turn yellow, red, brownish etc. (depending on their nature) when they are ripe enough. In the field, 

change in the color of the fruits and its readiness to fall are important methods for deciding the period of seed collection. 

Other methods like seed shape and size, moisture content, specific gravity, etc., can also be used. Fully ripened fruits can be 

picked directly from the trees or collected immediately as they fall. Seed bearing of trees/shrubs may not be regular every 

year. Since a good seed year is usually followed by a bad seed year in many cases, it is wise to make advantage of good seed 

year for collecting as much seeds as possible and use them during bad seed years. 

Planning and Mobilization Requirements 
Seed collection can be integrated with forest conservation and biodiversity management program. Probably integrating seed 

collection as a means of income generation program with the conservation and management of Ethiopian natural high forests 

could be a great opportunity for successful conservation and protection of these forests on sustainable basis. In this case, 

regions or woredas can facilitate the organization of Farmers or user groups to undertake seed collection on contractual basis 

for the government or private company or other development agencies. Local government can play catalytic role in the 

arrangement of seed collection by private companies or development agencies in organizing and training Farmers or user 

groups and linking the two parties deliberately to create an employment opportunity for the community as well as to create 

conducive environment for natural forest conservation and protection. Moreover, seed collection can be integrated with 

beekeeping practices. The government can play facilitation role in organizing Farmers or user groups and provide the 

required trainings on technologies, inputs, credit and technical supports to launch beekeeping activities. 

Cost Elements and Work-norm 
The work norm involves: Selection of healthy and vigorous mother trees, collection of tree seeds at proper time; seed removal 

from pods or cover (threshing), drying, and seed extraction and removal of impurities (cleaning), bagging and storing.  

­ Tree seed collection: Work norm is 20 PD/kg. Only exception is for Grevillearobusta for which the work norm is 60 

PD/kg of clean seeds. 

­ Grass/legume/other seeds collection (closures, bunds, etc.): Work norm: 10 PD/kg of grass seeds and small legume 

pasture seeds (does not include pigeon peas). 

¶ Seeds differ in size and weight and a standard work norm is of difficult application.  

¶ Woreda experts can take this norm as average for different seeds and adjust to reach the maximum indicated in the 

work norm. 

­ Materials and equipment required include:  

¶ Labels: Give each collection a batch number, cross referencing these to records on: location/conditions of the tree and 

site, date, quantity, quality, etc. 

¶ Containers: Open weave sacks (polythene or hessian) are ideal for larger seeds/nuts. Polythene sacks (co-extruded) 

are useful for berries/wings. Paper bags can be used for smaller seeds (birch/alder). 

¶ Gloves: To hold thorny blackthorn, hawthorn branches, etc. 

¶ Stepladder: Preferred to pruners as hand picking minimises destructive seed collection. Pruners “Snip and grip” type 
are especially useful. 

¶ Rakes/shovels: For raking up larger quantities of seeds (beech mast, acorns, etc). 

¶ First aid: They help to ensure a safe and enjoyable days’ work. 
¶ Mesh sieves: Different gauges to allow seeds to pass through/sieve out rubbish. 

¶ Buckets: To clean off seeds and float off residue/unviable seeds (remember not all floating seeds will be unviable! So 

separate them, but retain). 

¶ Hose: A high-pressure nozzle assists separation of pulp and seed. 

¶ Aerated and dry store 

Management and Maintenance 
The collected seeds need to be dried to the required moisture content prior to storage.  Therefore, the collected seeds must 

be spread over canvas or mats for drying in the sun and air. During the drying process, turning over the seeds until they are 

fairly dry is necessary. To separate some seeds from their fruits, threshing and winnowing may be required. After the seeds 
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are well sorted, they should be packed in sacks or bags and stored in a dry place. Seed processing may require also extraction 

from the fruits or pods and drying them before sowing. If seeds are enclosed in a fleshy fruit, remove the flesh with knife, 

wash off the rest under water and sow the seeds immediately. For seeds in a seed pod, such as Luceanaleucocephala, let the 

pods split open naturally by laying them in a semi-shade place. Similarly for other fruits with hard coat, drying them in semi-

shade or gentle cracking could be applied.  

A seed store needs to be free from moisture, a well-ventilated and raised bed and free from pests. In order to keep the seed 

cool, storage along a wall facing a southwesterly direction should be avoided since this wall tends to be warmer than the 

other walls during the afternoon. Also seed should not be stored too high in the building because hot air will concentrate 

under the roof. The sack, jars, or boxes with the seed must be placed in such way that air can circulate around each container. 

For this purpose shelves can be placed in the store.  

Some seeds can be dried to low moisture content of about 5% and be stored successfully at low temperatures. Others cannot 

survive drying below 20 - 50% moisture content. Therefore, seed storage requires the knowledge of the nature of the species. 

Several species of leguminous and others have high longevity (surviving for long years), For example, seeds of Acacia, 

Albizia, Cassia, Leucaena, Prosopis, Hibscusetc, can be successfully stored for more than 20 years. 

Benefits and Acceptability 
Seed collection and use on large quantity is not commonly practiced by Farmers in Ethiopia. Some Farmers may collect 

limited amount of seeds that have high economic value, such as Eucalyptus species, for their own consumption. 

Large amount of seed collection is mainly performed through government organizations for the establishment of artificial 

forests or for the rehabilitation of degraded lands, through FFW/cash payments or on voluntary basis. Some private 

companies sub contract the task of seed collection to supply seeds for government and some development agencies. 

Therefore, acceptability and sustainability of seed collection in large quantity cannot be expected from Farmers for their own 

consumption at this moment. 

Limitation 
The limited knowledge and skills for collecting good quality seeds by Farmers' are the major limitations. Less attention had 

been given for seed collection by the government, and seed collection has been carried out by local Farmers based on 

traditional knowledge. Securing good quality seeds for seedling production was a serious limitation in most places. 

Moreover, only seeds that can be easily collected by Farmers (e.g. Eucalyptus) were used for seedling production and re-

forestation program. This limitation has been one of the major factors for the limited propagation and plantation of indigenous 

species and for the rehabilitation of biodiversity in many areas 
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Name of the Technology 
QUALITY TREE SEEDLING/GERMPLASM PRODUCTION 

AND  NURSERY MANAGEMENT     
General description 
Plant propagation is the process of creating new plants from a variety of sources: seeds, cuttings, bulbs and other plant 

parts. Plant propagation can also refer to the artificial or natural dispersal of plants. 

Vegetative propagation is a form of asexual reproduction in plants. Asexual propagation or reproduction from vegetative 

parts of the original plant is possible because every cell of the plant contains the genetic information necessary to regenerate 

the entire plant. Reproduction can occur through the formation of adventitious roots and shoots or through the uniting of 

vegetative parts by grafting or budding. The simplest method of propagating a tree vegetative (non-sexually) is rooting or 

taking cuttings. The most common method of propagating fruit trees, suitable for nearly all species, is grafting or budding 

the desired variety onto suitable rootstocks. 

A Nursery is a place where seedlings are propagated, managed and grown to plantable size. To ensure a good planting 

programme, good nursery stock is essential. 

Geographical extent of use 
It can be established in all agro-ecological zone, but the type of tree species and growing media type should meet the local 

specific condition. 

Technical design requirements 
Prepare the sowing beds and soil media preparation:  

¶ The seeds should be sown in sowing beds. 

¶ The sowing beds can be made from bamboo, wooden boxes or directly on the ground. 

¶ The media consists of top soil, compost and sand  

¶ The thickness of the media is 6 – 10 cm. 

¶ The function of media is to assist the growth of seedlings. Media should support a healthy root system with enough 

oxygen, nutrient, and water. 

¶ Type of mixed media is forest soil, topsoil from the garden, sand soil. Mostly use site-specific recommended soil mix 

ratio. 

   Pot filling  

¶ This is the filling of polythene tubes with soil. This should be done under a shade near the heap of the soil at the site of 

the transplant bed. The soil should be moist enough to run freely into the tube and easily firmed to form the bottom of 

the tube (The way of pot filling) 

Layout and construction procedures 
Seed Sowing: There are three different sowing methods:- 

¶ Broadcasting: this is spreading seed on top of the growing media either by hand or mechanical broadcast. Mostly 

used to small size seeds like Eucalyptus glublous. 

¶ Drill sowing: it is sowing seeds by making drills in the soil, then seeds are linearly dropped in and lightly covered 

with soil. It is used when the seed is old or when the germination is unknown or low. 

¶ Direct sowing; it is sowing seeds directly to the soil. When large size seeds are directly sown into the container or 

to the field.  

Transplanting: is the process of transferring the seedling to polythene bags. 

• The transfer will be done when the seedlings have two true leaves fully open 

• If the transfer is delayed, the rooting structure will be affected 

• Use a piece of wooden stick to remove the seedlings and place the seedlings on wet containers (could be banana leaves or 
plastic containers).  

Layout and Planting Procedures for Vegetative propagation/Grafting 

Grafting is a form of vegetative propagation, which involves the union of two separate structures, usually woody parts of 

two plants. The common parts which can be used for grafting are usually the stem. . 

Selecting rootstocks and Scion:  Rootstock can be raised from seed and must be a variety well adapted to the soil and 

environment where the grafted trees will be planted e.g. must withstand drought in dry areas or tolerate waterlogged soils in 

valley bottoms. Scion is obtained from the outermost branches of donor tree. The terminal parts should be well ripened. The 

branches selected should be vigorous with no pest infestation and there should be several well-developed buds. The buds 

should be swelling slightly but not actually busting. The diameter of the scion should be about the same or slightly smaller 
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than that of the rootstock. To ensure the compatibility between rootstock and the scion, they must belong to the same plant 

species or to the same family 

The requirement for scion selection: Quality of the fruits, productivity, early or late maturity, resistant to pests and diseases 

of the aerial parts, the shape of the tree canopy  

I. Grafting methods:  

1. Top/wedge grafting: This method consists of splitting the rootstock lengthwise and inserting the tapered scion into the 

cleft.  

Steps to be followed:  

1. Harvest scions from the desired mother tree and cut them about  

15cm long. Remove all the leaves carefully. The scions should be the same thickness as the rootstock stem. With a very 

sharp knife cut the bottom of the scions with two sloping cuts 3½cm long (A).  

2. Cut off the top of the rootstock about 30cm above the soil. Make one straight cut about 3cm deep in the top of the 

rootstock (B) to form a wedge. Bind the two parts tightly together using a transparent plastic tape. Push the scions firmly 

into the rootstock cut. Leave ½cm of the cut scions outside the rootstock as shown.  

3. Use clear plastic tape to wrap firmly around the graft. Do not remove the tape until the scion begins to grow – showing 

the graft has been successful.  

4. Remove any buds which have grown below the graft. 

5. The tape can be removed after the scion and the rootstock has been united.  

II. Splice grafting  

In this method side joining of the scion and rootstock is done.  

Steps to be followed:Select a rootstock of about the same size as the scion,cut the end of the rootstock in a slanting way as 

the lower end of the scion, place the scion against the slanting cut of the rootstock and cover the union with a wrapping tape 

that holds the scion firmly and binds the two plant parts together, cover the scion with a transparent plastic bug up to a point 

below the joint of scion and stock, put grafted plant under a shade (locally made), water regularly, remove polythene bag 

when new leaves appear on Scion 

III. Budding  

This is the technique of inserting a scion in the shape of a shield under the bark of the rootstock. In case of budding the scion 

part has only a single bud. The shield is a small slice of the shoot with a bud in the center. The shield is cut in such a way 

that it bears a bud, a piece of bark and cambium and a small tongue of sapwood. 

Steps to be followed:Make a T shaped incision in the bark of the rootstock, cut the shield-shaped portion of the shoot with 

a bud (i.e. cut from the node). Cut off the leaf but leave a stub of the stalk, lift the edges of the incised bark of the rootstock, 

insert the bud shield between sapwood and bark. Never touch the cut part of either the rootstock or the scion shield, the bark 

of the rootstock is flattened back round the bud, tie the grafted part with a transparent polythene tape but leave the bud 

uncovered, put grafted plant under the shed, water regularly, when the bud starts to grow, cut off the upper part of the 

rootstock 1-2 cm above the point of union.  

Managing Grafted Seedlings: 

1. Grafted plants must be shaded and watered until the scions  

    have taken off completely  

2. 

Systematically remove all the shoots growing below the 

grant union 
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Period of implementation across season 
Time of tree Seedling production should be before the rainy season to ensurethat quality seedling can be accessed 

for planting in the rain season. Always graft in the rainy season when the trees are full of sap and the bark of the 

rootstock plants and the scions can be lifted easily. The rainy season is also the time when the cambium layer is 

most active. 

Cost elements and work norm 
Depending on the conditions in your nursery, including the tree species (size of the seed), a number of plants to be produced, 

a method of production and labor availability will determine seedling production cost. For instance, direct sowing of seeds 

into containers saves time, labor and money, because the extra step of preparing a seedbed and transplanting is eliminated. 

Management and maintenance 
There are several recommended operations and integrated activities while carrying out proper tree seedling 

production which includes:  

Watering: The regular supply of clean water is essential to plant growth. Plants are made from more than 90% 

water. When grown in containers plants do not have an ability like matured trees to search for water from far 

below the soil surface.   

The amount of water that seedlings require depends on seedling age, amount of sunlight, soil type and presence 

of wind turbulence. Remember; Overwatering weakens plants and causes many diseases. Avoid dirty water as it 

contains many plant diseases. 

Weeding and Nursery hygiene: This is the operation of removing weeds in order to reduce competition for 

water and nutrients. Good hygiene of the nursery site will lead to healthy and quality seedlings produced in the 

nursery.  

Root pruning: Is the cutting back of the actively growing roots of the transplants. Root pruning is carried out to 

avoid the roots of the seedlings intertwining, to enable the transplants to develop a well-established root system 

fit for the easy establishment in the field and for the transplants not to penetrate the soil and get established within 

the nursery site.  

Hardening off: This is the process of creating hard conditions to the seedlings towards the planting season. This 

can be done by reducing the amount of water before seedlings are planted out.   

Benefits and acceptability 
This practice is very promising and profitable business, especially for landless youth and women group. 

Limitation 
It requires higher establishment cost and qualified person for quality planting material propagation.   
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Name of the Technology HOME GARDEN AGRO-FORESTRY PRACTICES 
General description 
Home Garden Agro-forestry practice (HGAgfP) is a way of planting a 

mixture of crops, shrubs, and trees of different type and uses, including 

food crops, cash crops, fruit trees, woody perennials, and forage plants. It 

makes the land more productive and improves soil fertility, reduces 

temperature, provides shade, and increase family income, particularly 

during a period of drought.  

Home gardens can be found in many parts of southern and South western 

regions of Ethiopia. Crops such as coffee, enset, pepper, and numerous 

kinds of vegetables are dominant components of the Ethiopian home 

gardens (Getahun 1988). Trees like Cordia Africana, Militia ferugenia, 

Albizziagummifera, Ficus species, and Acacia species are among the 

species that form the upper storey of home gardens. The species diversity 

and structural complexity of Ethiopian home gardens agro-forestry 

practices varied from place to place. For instance, Gurage home garden 

agro-forestry practices mostly have two strata with Enset home-compound 

farms. 

Home gardens supply much of the basic needs of the local population and 

help reduce the environmental deterioration. However, research and 

quantitative information on Ethiopian home gardens are in its infancy, with 

the exception of a few quantitative and descriptive studies (Getahun 1988; 

Abebe 2000; Negash et al. 2002).  

 
Gedeo area home garden practices 

Geographical extent of use 
Homesteads are the primary suitable location to start new HGAgfP, for both day-to-day management activities and to protect 

fruits and other produce. Agro ecologically, sub-humid and semi-arid areas with rainfall above 600 mm are most preferable. 

However, HGAgfP is also possible in a drier location, especially if the area is located close to a water source and integrated 

with irrigation (drip, hand dug wells, etc). In Ethiopia, HGAgfP is common in Sidama, South Omo, and Gedeo areas 

Technical design requirements 
Select the area: A well-drained site with soil depth not less than 50-100 cm and slope < 5-8% is preferable.  Following site 

selection, it is important to decide the weather is appropriate for agroforestry practice in the area based on community need 

and their willingness or capable of adopting a Home garden practice.  

Identify required tree and crop species to establish Home Grown Agro-forestry Practice site:  The selection should 

strictly consider species agro-ecological ranges.   

- Chose the major fruit trees that can grow and produce quickly and potential sources of income, for instance: mango, 

avocado, coffee, lemon, guava, castor oil, papaya 

- Choose the multipurpose trees which can provide more than two benefits, such as for poles, post, timber, fuel wood, 

fodder, leaves for vegetables and medicines, for example, leucaena, cassia, neem, cordia, etc. 

Characterize the minimum space requirements, water and fertilizer needs, and shade tolerance of the desired crops 

Spacing guides for planting selected trees and crop species: The recommended spacing varied from species to species, 

such as for Mango, Avocado, and Guava is 6m*6m or 8m*8m and for papaya is 3*3 m. For Timber tree species, 5 x 5 m is 

recommended. However, if future thinning is considered the spacing for timber trees species can be reduced to 2.5 x 2.5 m. 

The suitable spacing for fodder shrubs planted in a row is 30 to 50 cm. Widely used spacing for common crops (cm), such 

as for maize 75 x 25, beans 30 x 15, potatoes 75 x 30, cabbages 60 x 60, tomatoes 60 x 60, carrots 30 x 30, rice 10 x 10 

between raw and plant respectively. Moreover, caution is needed on the selection of species that may shade or compete with 

crops and reduce yields. 

Layout and construction procedures 
¶ Plan the proportion of the permanent fruit and lumber trees on the basis of relative importance to the farmer. 

¶ Plan the spacing of long-term trees on the basis of final space requirements. 

¶ Plan succession of annual and perennial understory crops, including crops for soil protection and enrichment. 

¶ Adjust planting plan to place shade tolerant crops in most shady areas. 

¶ Always keep the ground covered to reduce water loss and protect/reduce soil erosion. 

Try the system on a small scale first. 
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Period of implementation across season 
Home Garden Agro-forestry Practices can be implemented all year round but the frequency depends on the availability of 

input, water, and labor. 

Planning and mobilization requirements 
Decide whether agro-forestry practice is appropriate based on on-site suitability, community needs and willingness/capable 

of adopting a Home garden practice. 

List the potential benefits, and their relative importance, of home garden agro-forestry practice in the area. Find the limiting 

constraints such as disease infestation, yield quality, and marketing. 

Technical preparedness needed 

Management and maintenance 
¶ Compost making, half-moon, and eyebrows basins to support the growth of trees and any other activity enhancing 

fertility are recommended.  

¶ Integrate with irrigation when the annual rainfall is under 600mm rainfall  

¶ Perform a thinning and/or pruning when needed to reduce competition for nutrients, water,and light.  

The management methods differ from one species to another. Generally, tree canopy is cut at 20-50cm from the ground 

cover and will allow rejuvenating for the next six months 

Benefits and acceptability 
Home garden AF practices provide several benefits including: 

▪ Provision of food, fodder, construction materials, fuel, and shade; 

▪ Improved year-round production of food and useful and saleable products; 

▪ Improved year-round use of labor and resources; 

▪ Reduce soil erosion and improvement of soil fertility (when legumes are included) 

▪ Increased efficiency in the use of land; 

▪ Short-term food production offsetting cost of establishment of trees; 

▪ Furnishing of shade for vegetable or other crops that require or tolerate it; 

▪ Medium and long-term production of fruits; 

▪ Long-term production of fuel and timber 

▪ Mitigate climate change through stocking willing or capable of adopting a Home garden practice. 

Limitation 
The most common limitation of HGAfP is the interaction effect among components, such as competition for light, water, or 

soil nutrients. However, Interactions between components of the home garden are often complementary. In a practice with 

trees and with livestock, the trees provide shade and/or forage while the animals provide manure. More importantly, the 

negative interaction effect can be reduced through careful selection of species and good management of the system. 
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Name of the Technology 
ON GRAZING LAND TREE INTEGRATION AND 

MANAGEMENT PRACTICES  
General description 
Trees on the farm are one of the forms of agro-forestry systems where 

trees are dispersed widely, either spaced systematically in a grid or 

scattered at random. On-farm trees integration is an old practice in many 

parts of Ethiopia and indispensable to sustain a green cover on the land 

throughout the year, increasing food and fodder production sustainably 

to improve the livelihoods of smallholder Farmers and to sustain the 

natural resources upon which they depend 

 

 

Geographical extent of use 
This practice as one form/type of Agro-forestry is applicable to most of the Dega, Woina-Dega and Kola agro-ecologies. 

There are numerous multipurpose tree species that fit to the context of the various agro-ecological zones of Ethiopia.   

Technical design requirements 
¶ Characterize the farming system and land management in 

consultation with Farmers. Select contextually/agro-ecologically 

suit tree species having a minimum or zero competition with crops. 

These include, trees having a deep rooting system; light shade; 

ability to improve soil through nitrogen fixation; no tendency to 

harbor crop pests and provide multipurpose services and functions.  

¶ Training or create capacity and knowledge of farming communities 

on the selected trees and their management and tending operations  

¶ Encourage and manage naturally grown indigenous species as per 

their pattern and growth habit   

¶ Moisture and soil fertility are the key challenges in dry land areas of 

Ethiopia. Thus, constructing moisture harvesting structures like large 

pits and/or circular basin across moisture-stressed arid and semiarid 

areas is necessary. If possible addition of compost/fertilizer helps a 

lot.  

¶ For waterlogged areas, construction of drainage systems and/or use 

of raised planting bed/pit is important for better survival and growth 

of planted seedlings/seeds.    

 

Layout and construction procedures 
▪ The layout and establishment of trees on the farm could vary on the 

type of techniques to be applied. The methods of establishment on the 

farm could be either through using direct seeding; seedlings grown in 

nurseries; natural regeneration or a combined way.  

✓ Direct sowing: In field direct sowing is especially good in relatively 

moist areas. Direct seeding of 1-2 seeds to the pits should be 

undertaken early in the rainy season, to allow as much time as 

possible for the plants to establish before the dry season.  

✓ In the field through Assisted Natural Regeneration (ANR): ANR 

is a very rapid, low cost, easily replicable and sustainable method of 

degraded landscape restoration. It involves selective thinning and 

pruning of re-growth from stumps, roots or seeds of any species coming out from the ground. 

✓ Seedlings growing in nurseries: For this technique, prepare planting pits at least two weeks before planting, most 

preferably on row bases (e.g. 25m between rows and 3-7m between plants) in east-west direction to minimize shading 
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effect to crops during the raining season or apply any relevant and proper silvicultural techniques 

(pollarding/lopping/pruning).  

Period of Implementation across Season 
This varies as per the agro-ecological zones, resources availability, a method of application and communities willingness. 

Usually, direct seeding is undertaken early in the rainy season, to allow as much time as possible for the plants to establish 

before the dry season. Direct sown seedlings should be watered at about five-day interval for two or three times or till it gets 

well established.  

One and more years seedlings will be the better establishment even for pastoralist areas, but when it is not the case for 

most tree species 6-9 months seedling age could be Okay for planting early/during the raining season. Assisted natural 

regeneration can be done throughout the year but activities, like thinning and pruning, should be conducted before the start 

of the raining season.   

Planning and mobilization requirements 
Farm enclosure/ex-closure is the key decision to promote trees on the farm as livestock and human encroachment. Thus, 

clustered based community movement is highly advised to create tree-based farm integration. 

Cost elements and work norm 
Cost elements are similar to tree seedling planting PD that applies to this particular technology.  

Management and maintenance 
Cultivation including weeding, watering and protecting from external factors like grazing is must in the early stages of trees. 

In addition to the selection of proper trees species, having proper design and pattern of trees on a farm like keeping the 

desirable spacing (scattered, in line, and in blocks) will also help to strengthen the advantages offered by the trees, while 

reducing the disadvantages. This can be done through various management techniques, mainly by applying the silvicultural 

techniques (pruning, lopping, controlled harvesting, pollarding).  

✓ Pruning: it is the removal of branches from the lower part of the tree crown with the aim to reduce shade for crops 

near the tree; Early harvest of branch wood for fuel or other use and to reduce competition and enhancing the growth 

of selected ones. 

✓ Lopping: Lopping is cutting of branches randomly from the leafy crown. Also lopping is not always done starting 

from the lower part of the tree but can be more haphazard. If any selection of branches is made, the main criteria 

are often a good green leafy biomass since the lopping is usually done to obtain branches for fodder. This is mostly 

also common when trees are grown in rows in farmlands. 

✓ Pollarding:  It is the cutoff of all the branches and the top part of the trees with the main objectives of early harvest 

of wood and fodder production and reduction of shade for crops. 

Moreover, the following management measures are important to consider in trees grown scattered in croplands: 

✓ Weeding and cultivation at seedling stage 

✓ Manuring if necessary at younger age 

✓ When the stocking is more than necessary, thinning should be undertaken (removing inferior ones considering the 

spacing) 

✓ Protection against termite attack 

✓ Replacement planting 

Benefits and acceptability 
In countries like Ethiopia, the integration of trees on agricultural Land scape could have various benefits. These include:  

✓ Increase the yield and productivity of food crops; 

✓ Regenerate soil fertility which is declining in many cases  

and make farming systems more resilient to stress and enhance  

Food and feed production on farms  

✓ Increase energy supply and diversify farm enterprises 

✓ Increase the farm asset base  

✓ Carbon sequestration and changing microclimate 

Fixing nitrogen from the air and bringing up water from a depth 

Limitation 
The technology mainly suffers from damage due to free grazing prior to gaining the required stand and no permanent 

protection made by members of the communities.  
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Name of the Technology VEGETATIVE /LIVE FENCING  

General description Purpose and benefits Agro ecology 
Vegetative (Live) fences are lines of 

trees or shrubs planted on farm, 

around homestead, field boundaries or 

any development site that provide 

protection against cattle, human and 

wild life interference, act as 

windbreaks, enrich the soil, provide 

bee forage, provide shade, and control 

dust. They are less expensive and 

more useful than fences made of 

wood, barbed wire, or stone masonry. 

Various species have been tested to 

discover their suitability for use as bio 

fencing plants. 

Depending on the type of species, their density and 

methods of establishment, they may create a “conservation 
webs or nets” capable to trap sediments and moisture in 

various directions. They also act as wind breaks and reduce 

evapo-transpiration of cultivated plots. Assist in providing 

psychological security regarding tenure and encourage 

investment for better land care. Also it can be used for 

dividing grazing lands into controlled grazing paddocks 

and on farm boundaries. In Ethiopia plant species such as 

Euphorbia candelabra (tall Euphorbia or “Kulqual”) and 
finger Euphorbia (“Kincheb”), Erithrina (“Korch”), Aloe, 
Sisal and other plants are established as vegetative fences 

to protect properties and/or development activities from 

livestock or human interference 

It is commonly 

practiced in most 

agro ecological 

zones in Ethiopia 

along farm 

boundaries and 

around homesteads 

using different local 

species to protect 

the development 

activities from 

livestock and 

human 

interferences.  

Design and method of application 
Vegetative fences may be single or multiple rows of trees, shrubs or grasses established for protecting properties and/or 

assets in a given closures.  In double rows vegetative fencing, the seedlings may be planted at 30-40 cm spacing between 

the seedlings in staggered pattern; and the same spacing can be maintained between rows. In single row vegetative fencing, 

closer planting is advised to establish a tight and resistant vegetative barrier. In fact the design and spacing of the vegetative 

fences considerably varies with type of species and their growing characters. Planting grass/legume species from inside 

while strengthening the resistance of vegetative fence, it is also optimizing biomass production for various purposes. That 

means it will further support and make the fence thicker and more productive. While direct sowing is possible with shrub 

species such as Sesbania, Pigeon peas, Acacia Saligna and Tree lucerne, it is advisable to use seedlings to get quick and 

reliable vegetative fence establishment. WORK NORM:40 person days/km. 

         
Figure: 1 Different types of vegetative fences 

Complementarities and Integration 

Opportunities 
Management Requirements 

Vegetative fencing can be integrated with all 

possible watershed treatment measures on hillsides, 

gullies, grazing lands and farms. Studies in Asia 

demonstrated that an entire “web” of green 

boundaries projected over large areas had huge 

implications in terms of incentives for “intensive 
land care”, water harvesting (recharge of water 

tables) and erosion control. Combined with land use 

certification, it can generate high level of 

investments. This activity can be combined with 

many other activities related to the treatment of 

hillsides closures, gully control, etc. 

In order to make the vegetative fence very effective at all times for 

protection, it is necessary to closely monitor the gaps between the 

branches or plants in view of bridging the gaps through training of 

the growth of the branches, which is done through pruning and 

intertwining the branches.  If there are gaps between the seedlings 

or too much widening between the plants from the beginning there 

is a need to replant the gaps.  The other management aspects needed 

for optimizing the economic benefits depends very much on the 

various activities integrated for various purposes and the 

management can be performed accordingly. The area should be 

strictly protected from livestock interference particularly during 

early establishment of the vegetative fence. 

Acceptability and Sustainability  Constraints and Limitations 
If the technical staff engaged in promoting the practice are skillful and 

are committed to demonstrating the right design and establishment, 

suitable species and integration with complimentary activities where the 

beneficiaries can enjoy and appreciate the optimal benefits, the 

acceptability and suitability is highly guaranteed and vis-versa.  

Lack of suitable species for establishing 

vegetative fences and limited awareness of 

Farmers about the multiple benefits of the 

technology may be major factor limiting the 

initiation and expansion of the technology.  
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Name of the technology SHELTER BELTS - WINDBREAKS 

General Description 
Windbreaks or shelterbelts are plantings of single or multiple rows of 

trees or shrubs that are established for environmental purposes. The 

height of the tallest row and overall density of foliage and branches of 

an individual planting greatly influence the size of the nearby area that 

is protected or sheltered. Windbreaks or shelterbelts are generally 

established to protect or shelter nearby leeward areas from 

troublesome winds that cause soil erosion. Living conditions and 

agricultural production can often be improved by planting trees and 

shrubs in protective windbreaks and shelterbelts which reduce wind 

velocity and provide shade. Windbreaks and shelterbelts, which are 

considered synonymous, are barriers of trees or shrubs that are planted 

to reduce wind velocities and, as a result, reduce evapotranspiration 

and prevent wind erosion; they frequently provide direct benefits to 

agricultural crops, resulting in higher yields, and provide shelter 

Source: USDA,  Windbreak/Shelterbelt, 

Conservation Practice, 1997 

to livestock, grazing lands, and farms. Quite often, protection can be combined with production by choosing trees and 

shrub species that, apart from furnishing the desired sheltering effect, yield needed wood and other products. 

Geographical Extent of Use 
In arid zones, where the harsh climate and the shortage of water are intensified by strong winds. Windbreaks are 

“environmental buffers” that are planted in a variety of settings, such as on cropland, pasture, and rangeland (sometimes 

referred to as “living barns”), along roads, farmsteads, homesteads, feedlots, and in urban areas. 

Technical Design Requirements 
To get effective protection from windbreaks and shelterbelts the following parameters need to be dealt carefully: 

¶ When considering windbreaks or shelterbelts planting, three zones can be recognized: the windward zone (from 

which the wind blows); the leeward zone (on the side where the wind passes); and the protected zone (that in which 

the effect of the windbreak or shelterbelt is felt). 

¶ The effectiveness of the windbreak is influenced by its permeability. If it is dense, like a solid wall, the airflow 

will pass over the top of it and cause turbulence on the leeward side due to the lower pressure on that side; this 

gives a comparatively limited zone of effective shelter on the leeward side compared to the zone that a moderately 

permanent shelter creates. 

¶ Optimum permeability is 40 to 50 percent of open space, corresponding to a density of 50 to 60 percent in 

vegetation. 

¶ Permeability of dense shelterbelt can be improved by pruning lower branches at 0.5 – 0.8 m from the soil level. 

¶ It is generally accepted that a windbreak or shelterbelt protects an area over a distance up to its own height on the 

windward side and up to 20 times its height on the leeward side, depending on the strength of the wind. In reducing 

wind speeds, narrow barriers can be as effective as wide ones. Furthermore, a narrow shelterbelt has the advantage 

of occupying less land. 

Selection of tree and shrub species: In the selection of tree or shrub species for windbreaks or shelterbelts, the 

following characteristics should be sought: 

¶ Rapid growth, straight steams, wind firmness, good crown formation, deep root system which does not spread into 

nearby fields, resistance to drought and desired phonological characteristics (leaves all year long or absent only 

part of the year). 

¶ Some possible trees and shrubs for windbreaks area Accacia species (Nilotica, Senegal, etc.), Azadiracta indica, 

Leucaena lecocephala and Zizyphus spinachristi. 

Site preparation: Remove debris and control competing vegetation to allow enough spots or sites for planting and 

planting equipment. For plantings requiring supplemental moisture, prepare and ready applicable materials for 

installation. Additional requirements: 

A windbreak or shelterbelt usually consists of multiple rows, with shrubs in the outer rows and taller trees in the interior. 

Complementary practices work with these environmental buffers to further control wind erosion and snow deposition 

and modify site characteristics for habitat and screening purposes. For comprehensive protection of a field, windbreaks 

are placed in a series across the area (typically spaced at intervals of 5 to 20 times the height of each windbreak), with 

individual windbreaks running parallel to one another, but perpendicular to prevailing winds. 
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Layout and Construction Procedures 
Establishment: The main method of establishing windbreaks is by seedlings. Planting a single line of trees is sufficient 

to mark a boundary and to serve as a windbreak. A windbreak should be established at a right angle to the prevailing 

wind direction. The spacing between trees is normally 2 m, but this may vary with species. 

The efficacy of a windbreak can be improved by planting tall trees in the first line and shorter trees in a parallel line. In 

this condition, small shrubs, medium trees and bigger trees will be planted consecutively in parallel rows. The spacing 

between the rows can be from 3 – 4 m.  If the boundary separates two fields, the first line of trees should be placed one 

or two meters inside the boundary. If both Farmers are interested, each can plant a line of trees inside their boundary. 

 

Period of Implementation Across Season 
Raising seedling over the dry seasons and planting at the onset of rains. 

Planning and Mobilization Requirements 
Temporary Storage Instructions: Planting stock that is dormant may be stored temporarily in a cooler or protected area. 

For stock that is expected to begin growth before planting, dig a V-shaped trench (heeling-in bed) sufficiently deep and 

bury seedlings so that all roots are covered by soil. Pack the soil firmly and water thoroughly. 

Cost Elements and Work Norm 
The work norm for plantation can be adopted. 

Management and Maintenance 
Protect young trees against livestock and fires. Termite control is necessary for trees such as eucalyptus which are 

susceptible to termite attack. Mature trees can be selectively pruned or pollarded to reduce the shading effect on the 

adjacent agricultural crops. 

Windbreaks and shelterbelts are normally established concurrently with other practices as part of a conservation 

management system. For example, proper crop rotations and tillage techniques and management of residue in fields 

(conservation, crop rotation and residue management) work with windbreaks to control wind erosion. The planting must 

be inspected periodically and protected from damage so proper function is maintained. Replace dead or dying tree and 

shrub stock and continue control of competing vegetation to allow proper establishment. For plantings requiring 

supplemental moisture, install and begin operation of the irrigation system. Periodically prune trees and shrubs to repair 

environmental damage and maintain plant health and vigor.  

Benefits and Acceptability 
Such plantings are used to reduce wind erosion, protect growing plants (crops and forage), manage snow, and improve 

irrigation efficiency. Windbreaks also protect structures and livestock, provide wildlife habitat, improve aesthetics, and 

provide tree or shrub products. Also, when used as a living screen, windbreaks control views and lessen noise. 

Limitation 
No significant limitation as such. But trees such as Damas in semi-arid areas like Sudan need irrigation. 

 

 



 
100 

Name of the technology BIOLOGICAL SAND  DUNE STABILIZATION - FIXATION 

General Description 
Biological measures of wind erosion control or sand dune 

stabilization / fixation techniques are those already known for 

water erosion control. These could be those dealing with 

agronomic, soil management and vegetative means. However, for 

sand dune stabilization, i.e. sand dune already created or on the 

process of its formation needs special attention other than 

mechanical or physical stabilization. This focuses more on 

vegetative stabilization of sand dunes by live grasses, bushes, 

shrubs and trees. See the picture at the right. 

 

Technical Design Requirements 
Biological sand dune stabilization can be applied in coastal as well as inland areas. A common strategy to restore 

degraded soils is to re-establish a vegetation cover, because plants are able to protect the soil from wind erosion in 

various ways, e.g. by sheltering the soil from the erosive force of the wind and by stabilizing the soil with their roots. 

Plants play a key role in wind erosion control measures, because they are able to protect the soil in various ways. Wind 

erosion has been shown to decrease significantly with increasing level of soil aggregation. Soil and air humidity are 

important determinants of the erodibility of the soil. 

Most plants form symbiotic associations with mycorrhizal fungi which have the potential to improve both plant growth 

and soil aggregation. The above-ground parts of vegetation modulate wind erosion processes primarily through the 

following mechanisms:  

i) Vegetation can shelter the soil from the force of the wind by covering a fraction of the surface and providing lee-side 

wakes in which the average wind velocity and friction velocity are substantially reduced; 

 ii) Vegetation can extract momentum from the wind, thus reducing the erosivity of the wind; 

 iii) Vegetation can trap windborne particles, thereby reducing total sediment flux and providing chance for sediment 

deposition;  

iv) Plants protect the soil below-ground i.e. by stabilizing the soil structure and by affecting near-surface soil and air 

humidity;  and 

v) Plant roots stabilize soil structure by enmeshing individual soil particles and by releasing glue-like exudates, thereby 

contributing to the formation of stable soil aggregates. Wherever the plant (Caparies decidiau) is, there is deposition of 

sand around it, in Sudan. Salvadora persica (up right) and Panicum maximum (lower) under trial in Um Groad Village 

West of Atbara, Sudan - Community Watershed Management Project, May 2014. 

Panicum maximum (left), Salvadora 

persica (up right), and Caparies decidiau 

Period of Implementation Across 

Season 

As per the individual species requirement 

depending on dry or wet planting/seeding. 

 

Management and Maintenance 

Requires fencing of the seeded and planted 

saplings to avoid grazing by livestock and 

wild animals. 

Benefits and Acceptability 
The biological or vegetative barriers apart from filtering and fixing the sand increase soil organic matter and soil 

structure formation. 

Limitation 
Very appropriate plant species that suits the niche should be identified and these may not be many.  
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Name of the technology CHECKERBOARD 

General Description 
This is one of the physical or mechanical stabilization technique. Stabilization of dunes effected by the planting of 

marram grass (Ammophila arenaria), or rice grass, whose long roots bind the surface layers of sand and so hinder its 

removal by wind. 

Technical Design Requirements 

Dry straw in a checkerboard arrangement 

The straw checkerboard technique is used for fixing sand dunes. 

Straw of wheat, rice, reeds, and other plants is placed in the 

shape of a checkerboard. Half is buried and half is exposed. 

 

 

The straw decreases the wind velocity near the ground surface and can prevent wind erosion of the soil. In regions 

where the annual precipitation is over 200 mm, bushes and herbs can be planted to further improve the windbreak and 

sand dune fixation qualities. After establishment, the straw gradually rots to become soil organic matter. 

Period of Implementation across Season 
Anytime when there is availability of the dry matter. 

Benefits and Acceptability 
The establishment of a straw checkerboard changes the structure of the airflow and changes the ground surface status 

from erosion to deposition. Owing to the deposition of fine particles, a soil crust is formed and soil formation begins. 

Limitation 
It is not possible to apply it in areas where the straw is needed for other purposes such as, fodder, fuel, roof thatching, 

etc. 

 

 

 

Wind break from crop straw balled 
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Name of the technology 
WIND EROSION CONTROL WITH IMPROVED 

TILLAGE PRACTICES   
General Description 
In normal tillage operation, where wind erosion may not be a problem, 

then it would be wise to prepare smooth seed bed preparation. However, 

this is unlikely when it comes to wind erosion control and the surface, as 

much as possible, left with high surface roughness. Field with rough or 

ridged tillage and clods is less likely to be affected by wind erosion. See 

Picture. 

Wind erosion resulted from fine seed bed,  

East Atbara, Sudan 

Technical Design Requirements 
The concept of working only a very narrow width in the bottom of the 

furrow for seed placement and leaving the ridge between rows untilled 

with chemical weed control probably would provide good protection from 

wind erosion. Some information on the most desirable degree of 

roughness for maximum efficiency in controlling erosion can be obtained 

from trials and experiments.  

The most effective height is 5 to 12cm (2 to 5 inch). The deep furrow drills 

used to plant small grains generally produce roughness within that range 

and, consequently, provide an erosion-resistant surface. Generally, two 

methods of tillage operations are common: 

i) Establishment of  wind breaks with ditcher; and 

ii) Establishment of shelterbelts using disc plough. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   Surface left rough by tillage operation to control wind erosion 

Period of Implementation Across Season 
During tillage operations. 

Limitation 
Need of tractor for the ditcher and the disc to pulled i.e. mechanization. 

 

 





 
104 

Name of the technology ROOF TOP RAINWATER HARVESTING  

General description 
¶ Rooftop rainwater Harvesting is a system of 

collecting rainwater that it falls on roof 

catchments built with metal/corrugated sheet, or 

any roofing material that is waterproof and does 

not contain any chemical dangerous to water 

supply for domestic, livestock and crop 

production 

¶ The water collected from roof catchment can be 

conveyed using appropriate conveyance devices 

and stored in structures constructed either 

aboveground or belowground structures. The 

water storage structures can be constructed using 

different construction mistrials, such as, bricks, 

masonry, ferro-cement, geo membrane, 

reinforced concrete, etc. 

¶ The water harvested from roof catchment system 

can be used for multiple uses including, water 

supply for domestic, water supply for livestock 

or household irrigation or in combination of 

these. 

¶ Roof top rainwater harvesting system consists of 

three basic components: 

¶ Catchment,  

¶ conveyance (gutter and down pipe) and  

¶ storage  

 

Geographical extent of use 
Roof top rainwater harvesting can be applied in all parts of Ethiopia. However, it will be more feasible in arid and 

semi-arid parts of Ethiopia where the access for surface water and groundwater is very limited and expensive. 

Planning and design mobilization requirements Technical design requirements 
Planning and design requires for roof top rainwater harvesting 

include: 

Estimation of runoff amount from a given catchment area can be 

referred in Annex 1 of Technologies.  

Estimating household and livestock water demand 

can be estimated using the following Equation. Ὀ ╝ ᶻ ╠ ▪ ᶻ ▲ ᶻ ╣ ᶻ Ȣ  

You can further refer Annex 9.  

Sizing the storage facility 

While sizing your water storage tank, one can follow the following 

general steps.                                                                                 

Step 1. Determine Your Annual Water Demand.  

The first thing that you need to do is to figure out how much potable 

water you and your family need each day.  

Step 2. Determine the Amount of Rainfall You Can Capture 

Step 3. Determine How Big Your Storage Tank Needs to Be 

For ease estimation,  

➢ Volume of storage (M3) = total annual demand (M3) + Total 

demand*20%) + Total demand*10%) 

20%= estimated amount due to over consumption because of ease 

access 0%= water loss due to leak or sedimentation 

Technical preparedness needed 

¶ The height of the storage structure (if 

above ground) should be less than the 

height of the building/shed/house 

¶ If low cost options are considered, the total 

volume of rooftop rainwater harvesting is 

recommended not to be over 10M3 

capacity 

¶  The catchment area should be free from 

any chemical  

¶ The storage structure should be free from 

leaking 

¶ The storage structure should be away from 

deep rooted trees 

¶ The storage structure should be provided 

with vent, and if possible, should be dark 

by protecting it from direct sun rays. 

Period of implementation across 

season 
Roof top rainwater harvesting can be 

implemented throughout the year but the 

construction be completed before the beginning 

of the rainy month/s.  
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Layout and construction procedures 
Basic procedure for construction 

includes: 

¶ Layout 

¶ Excavation 

¶ Construction 

¶ Supervision and monitoring 

For example: layout /construction for 

Ferro cement tank is given in the below 

Figures 

 

 

Cost elements and work norm 
Cost items can be categorized as follows:  

1. Material: Hand tools (tools required for mason, carpenter, steel 

fixer, excavation); Construction materials (Cement, sand, gravel, 

wire mesh, steel, gate valves, gutter, downpipe, etc.) 

➢ Labor: Excavation (un skilled labor), Manson, Steel fixer, Carpenter 

2. Work norm. 

The work norm for roof top rainwater harvesting system using above 

ground structure up to 10M3 capacity include excavation (foundation), 

masonry/cement work, gutter and downpipe (carpenter), steel fixing. 

Total average labor required for 10M3 capacity in pastoral area is 42PD. 

Management and maintenance 
`Management of rooftop RWH includes: 

¶ Inspection, regular cleaning and minor 

repair of the whole RWH system; the 

catchment, the conveyance, the tank 

and the various tank components  

¶ Removal of branches of trees over 

hanging on roofs and bird droppings 

¶ Inspection of water quality in the tank, 

testing from time to time and 

treating/disinfecting regularly 

¶ Provide mesh for any opening in the 

RWH system  

¶ Treatment of Stored Rainwater 

(Chlorination, use of filters, boiling, 

etc) 

Regular supervision for any leak and does 

the required repair and maintenance 

Benefits and acceptability 
¶ Can provide domestic water supply  

¶ Reduces the cost for pumping as the storage tank is in most cases is 

above ground  

¶ Provides high quality RAIN water, which is soft and low in minerals  

¶ When recharged to ground water it improves the quality of 

groundwater through dilution  

¶ When applied to significant scales in urban areas reduces soil erosion 

and flooding  

¶ Compared to groundwater abstraction and piping through long 

distances is less expensive 

¶ Rainwater harvesting systems are simple and divisible which can be 

adopted by individuals  

¶ Rooftop rainwater harvesting systems are easy to construct, operate 

and maintain  

¶ Relatively cheap materials can be used for construction of containers and collecting surfaces 

¶ Provides a supply of safe water close to homes, schools or clinics, encourages increased consumption, reduces the 

time women and children spent to collect water, reduces back strain or injuries from carrying heavy water 

containers 

Limitation 
¶ If workmanship is not properly supervised, leaking of structure  

¶ The height and area of the roof limits the capacity of the structure 

¶ Because of the limited capacity (up to 10M3), the cost per M3 is relatively high  

¶ Required appropriate ventilation system for proper aeration 
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ANNEX 12: TYPICAL DRAWING FOR BIRKA DESIGN 
 

 

 

 


