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1. Introduction   
The term micro scale irrigation (MIS) refers to small-sized schemes of less than 1 hectare 

developed at household level, and a wide range of approaches by which soil-water can be 

increased and soil-water management is improved. These approaches include techniques for 

catching, storing and using rainfall at or near the place where it falls (usually called rainwater 

harvesting); diverting flowing water by gravity; using stone/earth/brushwood or concrete 

structures (run-of-river or spate irrigation systems); lifting water by human or motor power 

(lift irrigation); conveying water by canal or pipe; and applying water to land by controlled or 

uncontrolled flooding (gravity), overhead sprinklers(pressurized), or drip irrigation (in the 

present context, usually at very low pressure). In general, the advantages of this category of 

technologies are: 1) they can be adopted and used by individual farmers because they do not 

depend on collective action by groups; 2) they are of relatively low cost in terms of their 

capital and operating costs per farm (but not necessarily per hectare); and therefore are 

potentially affordable by small farmers; 3) they are often highly efficient in use of water with 

high water productivity, while also improving crop quality and reducing labor costs.   

According to Critchley and Siegert (1991), water harvesting in its broadest sense is defined as 

the “collection of runoff for its productive use”. Runoff may be harvested from roofs and 

ground surfaces, as well as from intermittent or ephemeral watercourses. A wide variety of 

water harvesting techniques for many different applications is known. Productive uses 

include the provision of domestic and livestock water; concentration of runoff for crops, 

fodder and tree production. One of the methods frequently used in rainwater harvesting for 

crop production is the storage of rainwater in situ. Topographically low areas are ideal sites 

for in situ harvesting of rainfall. In this micro irrigation development guide in situ water 

harvesting structure is introduced.  

 

1.1Rainwater harvesting (RWH) 
The two basic approaches to flood control are based on RWH principles mostly practiced are 

maximum infiltration and holding of rainwater in the soil where it falls and building dams 

and reservoirs to store peak floods. The in-situ systems, which enhance soil infiltration and 

water holding capacity, have dominated over storage schemes until recently. Despite the 

additional costs involved in storage schemes, the recent trend shows there is a relatively high 

degree of adoption. So, rainwater harvesting is a useful means to overcome the recurrent 

erratic rainfall and dry spell conditions, which often result in crop failures in Ethiopia.  

An integrated approach to improving the productivity of rain fed agriculture, through a 

combination of RWH, better management of land, especially fertility, supplementary 
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irrigation using low cost micro irrigation technologies, 

and improved varieties can lead to a doubling of rain fed yields over the next 10-15 years for 

a relatively lower per ha and per capita investment than is required for formal irrigation 

investments. Rainwater harvesting is an ancient practice, and has been developed in areas 

where rainfall is not sufficient to support crop production or is too variable to guarantee a 

harvest, or where drinking water sources are scarce. Around 80% of crop land worldwide is 

rain fed. Nowadays, water resources in dry areasare under even more pressure due to 

population growth, environmental degradation and climate change. Rainwater harvesting in 

agriculture is a means of collecting some run-off from one area and directed it to another area 

to increase moisture supply and deposition of rainwater for reuse onsite. Rainwater 

harvesting for crop production assumes that rainfall in an area is normally inadequate and 

must be supplemented by adding run-off from elsewhere. It is a directly productive form of 

soil and water conservation.   

Rainwater harvesting refers to a wide range of different techniques for accumulation, storage 

and provision of rainwater. Uses of collected water include provision of drinking water, water 

for livestock and irrigation, diversion of run-off water for infiltration in water scarce cropping 

areas, and refill of aquifers (groundwater recharge). It can be used as a low cost adaptation 

mechanism at the farm level for increasing soil moisture, reducing soil temperature, and 

recharging groundwater and other water resources.   

The purpose of RWH is normally to minimize losses by capturing rainwater that may be 

wasted and putting that water into productive use. Runoff is one of the major ways by which 

water is lost from a given catchment. This is due to limited capacity of the soil to absorb and 

store all the rainwater from short but intense rainstorms. Such phenomenon is common in 

semi-arid areas.  

1.2. In situ rainwater harvesting systems  

 It is runoff farming, which is identical with "Water Harvesting” but for crop production 

purposes". When the harvested runoff water from un-cropped areas is directed to a cropped 

area, this technique is called runoff farming. In this system, soil profile acts as a water storage 

container. The objective of in-situ water harvesting is to retain runoff in order to increase 

infiltration and soil moisture on crop lands. This goal can be achieved through conservation 

tillage, terracing, tied ridging, mulching, and other, similar methods. Under many 

circumstances, the implementation of in-situ water harvesting also has implications for soil 

properties, improving soil quality by increasing the soil water-holding capacity.  

It is basically all the conventional approaches to soil and water conservation, designed to 

enhance infiltration of rainwater into the soil. In situ rainwater harvesting systems are based 
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on changing soil and water management techniques, with 

the aim to improve infiltration, water holding capacity and fertility of the soil, and to counter 

soil erosion.  

 

By means of various types of barriers, rainwater runoff in sloping fields can be captured in 

the field and stored in the soil for immediate use by the crop. It can also be used as a water 

source for livestock or domestic purposes if it recharges shallow groundwater aquifers or 

other water flows or small ponds. In addition, flooding and peak flows can be reduced 

through slowing down runoff and storage of water in the soil. These systems can achieve 

even higher outcomes if supplemented by measures of conservation agriculture, such as no-

tillage, mulching, and crop rotation for increasing organic matter content in the soil. Figure 3 

shows an example of an in situ rainwater harvesting system.   

 
      Figure: 1 In situ rainwater harvesting with ring basin infiltration pit.  
 
1.3In-situ water harvesting technologies   
In-situ rain water harvesting, also called soil and water conservation, involves the use of 

methods that increase the amount of water stored in the soil profile by trapping or holding the 

rain where it falls (Hatibu & Mahoo, 1999; Stott et al., 2001). In this application there is no 

separation between the collection area and the storage area, the water is collected and stored 

where it is going to be utilized (UNEP, 1997).  

The main factors affecting all water harvesting systems for crop production are climate, 

topography, hydrology, agronomy, soil and socio-economy. In-situ rainwater harvesting has 

also two major components:  

i) Run-off area: The generation of runoff either within the field or from external 

catchments and its subsequent application directly into the soil profile or though temporary 
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storage for supplemental irrigation. The part of the field 

that provides runoff to a cropped field is termed as micro-catchment. Examples of 

technologies that fall under this system are fanya juu terrace, contour bunds (stone, trash 

lines), micro-basins, semi-circular earth bunds, negarims, large trapezoidal bunds, infiltration 

trench/ditches, and the like. The catchment characteristics will determine how much of the 

rain which falls during a given storm will become run-off. The amount of run-off in a given 

catchment area is also influenced by soil type, Vegetation cover, and slope and catchment 

size.   

ii) Run-on area: This is where crop roots grow from root zone and get moisture supply; 

and the soil should therefore be deep, have good water storage capacity, free of stones, fertile 

for good crop performances, and not saline. The most common technology for this purpose is 

conservation tillage, which Community Based Participatory watershed development: a aims 

at maximizing the amount of soil moisture within the root zone. A number of agronomic 

practices such as mulching, ridging, manuring, and other small farm structures such as field 

ridges/bunds, contour bunds, bench terraces within cropped area and others, could fall 

underthiscategory.  

2.Benefits of In-situ rainwater harvesting systems  
It is commonly agreed that water harvesting systems (WHS) are beneficial. Experiences of 

development projects suggest that sustainable and locally adapted in situ rainwater harvesting 

systems can contribute to food security and adaptation to climate change, and improve the 

livelihood of farmers. It can be an alternative and/or complementary method to large-scale 

water withdrawals and reduce negative impacts on ecosystems services, such as erosion. In 

addition, small-scale rainwater harvesting systems can yield a higher amount of collected 

water than large dams, as evaporation and water losses are reduced.   

2.1Advantages & disadvantages of runoff farming:  
• Runoff farming has the potential to increase the productivity of arable and grazing 

land by increasing the yields and by reducing the risk of crop failure.   

• They also facilitate re- or afforestation, fruit tree planting or agroforestry.   

• Can be an alternative option where irrigation water from other sources is not readily 

available or too costly.   

• Unlike pumping water, runoff water harvesting saves energy and maintenance costs.   
• Can helps in decreasing the use of other valuable water sources like groundwater.   
• It mitigates the effects of temporal shortages of rain to cover both household needs as 

well as for productive use.  
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• It has been used to improve access to water and 

sanitation, improve agricultural production and health care thus contributing to 

poverty alleviation, reverse environmental degradation through reforestation and 

improved agriculture practice,   

• aid groundwater recharge,  
• empower women in the management of water and other natural resources and   
• address floods and droughts by storing excess water  

 

• The runoff water has a low salt content and, because it does not have to be transported 

or pumped, is relatively inexpensive.   

• The system enhances leaching and often reduce soil salinity (Matthew & Bainbridge, 

2000)   

• It offers flexibility of implementation; furrows can be constructed before or after 

planting.  

• Rainwater harvesting is compatible with agricultural best management practices, 

including crop rotation.  

• Permeable in situ rainwater harvesting areas can be used as a method of artificially 

recharging groundwater aquifers.  

• They are simple and inexpensive to construct and can be built rapidly using local 

materials and manpower.   

 

2.2. Disadvantage of runoff farming:   

• Successful runoff water harvesting activities are often based on farmers’ experience 

and trial and error rather than on scientifically well established techniques, and can 

therefore not be reproduced easily.   

• Agricultural extension services have often limited experience with it.  

• The possible conflicts between upstream and downstream users Relatively large 

labor inputs.  

• Runoff farming require a relatively large natural watershed area   
• In situ rainwater harvesting cannot be implemented where the slope of the land is 

greater than 5%.  

• It is difficult to implement in rocky soils.  
• Areas covered with stones and/or trees need to be cleared before implementation.  
• The additional costs incurred in implementing this technology could be a factor for 

some farmers.  
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• It requires impermeable soils and low topographic 
relief in order to be effective.  

• The effectiveness of the storage area can be limited by evaporation that tends to occur 

between rains.  

3.Design of runoff Water Harvesting System  
The design will focus on calculating catchment to cultivated area ratio for crops, and trees 

plantation.  

 
3.1General design principles for crops  
Micro catchment rainwater harvesting systems (in-situ RWH) has the following 

characteristics: overland flow harvested from short catchment length, catchment length 

usually between 1 and 30 cm, runoff stored in soil profile, ratio catchment: cultivated area 

usually from 1:1 to 3:1, normally no provision for overflow and even plant growth. The 

major techniques include: Pitting (wor105), earth basins, Strip catchment tillage, 

Semicircular bunds (wor105), earthen bunds, Meskat-type system, Negarim micro-

catchments (water harvesting sudan), contour ridges (swim07) and stone lines (Critchley & 

Siegert 1991).  

The general design principle of micro-catchment rainwater harvesting systems involves a 

catchment area, which collects runoff coming from roofs or ground surfaces and a cultivated 

area, which receives and concentrates runoff from the catchment area for crop water supply. 

The relationship between the catchment area and the cultivated area, in terms of size, 

determines by what factor the rainfall will be multiplied. For a more efficient and effective 

system, it is necessary to calculate the ratio between the two if the data related to the area of 

concern in terms of rainfall, runoff and crop water requirements is available (Moges, 2004). 

The first step in designing in-situ rainwater harvesting system is to calculate the ratio between 

the catchment area and cultivated (cropped) area such that, if the estimated design rainfall is 

received the amount of water harvested will be equal to the extra water required by the crop.  

The ratio is based on the concept that the design must comply with rule:  

Water harvested = Extra water required C * DR * K * Ef = CA (CWR – DR)  
The amount of water harvested from the catchment area(C) is a function of the amount of 

runoff created by the rainfall on the area. This runoff for a defined time scale is calculated by 

multiplying a “design” rainfall (DR) with a runoff coefficient (K). As not all runoff can be 

efficiently utilized (because of deep percolation losses, etc.) it must be additionally multiplied 

with an efficient factor (Ef).   
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The amount of water required is obtained by multiplying 

the size of cultivated area (CA) with the net crop water requirements (CWR), which is the 

total water requirement less the assumed design rainfall (DR).  

The term "rainfall multipliers" describes methods where the run-off from an uncultivated part 

of the land is diverted on to a cultivated part, thus giving it the benefit of more water than it 

receives directly as rain, hence rainfall multiplier.  

The object of designing such methods is to get the best ratio of area yielding run-off to the 

area receiving run-on. Because of the variations of soil and crop requirement, and above all 

the variability of rainfall, this can never be a straightforward mathematical calculation. A 

formula which can be used to provide a starting point for field trials is given by Finkel 

(1985), together with some empirical values for Turkana in Kenya, to be used in the formula 

rearranged we finally obtained, catchment / cultivated area ratio as  

 

 

    

 

Remark: -  

• Crop water requirement is estimated from evaporation data with a crop factor applied;   

• Design rainfall is probably less than long-term average rainfall in order to give a better 

crop in low rainfall years, while the excess can overflow in wet years;   

• Run-off coefficient is the percentage of rainfall which becomes run-off;   
• Efficiency reflects the difference between rainfall distribution and the water 

requirements of the crop.  

Schemes with internal catchments require high energy inputs for surface modification and so 

tend to be more common on crop land and in areas with annual rainfall of 250 mm or more. 

The ratio of catchment area to cultivated area is likely to be from 1:1 to 5:1. Schemes using 

external catchments may have much higher ratios, for example up to 30:1 in the case of the 

run-off farming in the Negev desert (Evenari et al. 1982). Such systems may be practical at 

levels of rainfall down to less than 100 mm, which is lower than is possible for in-field 

schemes for cropland.  

The efficiency factor represents the proportion of water that the plant can actually utilize.  

The efficiency factor takes in to account the uneven distribution of the water within the field 

and losses due to evaporation and deep percolation below the root zone of the crop.  The 

factor for fodder crops or trees that have deep roots will be higher than shallow rooted crops.  

Where the cultivated area is leveled and smooth the efficiency is higher.  Micro-catchment 

systems have a higher efficiency than macro-catchment systems as water is deeply ponded, 
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more even spread, and evaporation losses are less. The 

factor varies greatly from season to season. Low rainfall seasons have high efficiency values 

because there may be very limited deep percolation. In the design of surface irrigation 

systems, an efficiency factor of 0.4-0.85 is commonly used. Because of poor rainfall 

distribution, a figure of 0.4-0.6 is suggested, with the lower figure for drier areas.  

 

 

 

• Two examples of rainfall multiplier:   

a) Internal catchment, ratio 2:1, design rainfall 250 mm  

2 = 500 - 250               = 250 
1     250 x 60% x 80%    120  

This means that the cropped (cultivated area) will be 1 unit wide and the catchment area 2 

unit wide.  Thus for a 15 m wide terrace, the cultivated area will be about 5m wide (1/3 x 15) 

and the catchment area about 10 m wide (2/3 x 15).  

b) External catchment, ratio 20:1, design rainfall 100 mm  

 20 = 500 - 100               = 400 

 1     100 x 25% x 80%      20  

The run-on is greater in b), so the soil moisture storage must be greater, or run-off events 

better distributed.  

• Other Examples on how to calculate the ratio C: Ca   
a.Example One   
 Climate: Arid   

 RWH System: External Catchment (e.g. trapezoidal bunds)  

 Crop Water Requirement for M crop (total growing season) = 475 mm   

 Design Rainfall (growing season) = 250 mm (at a probability level of P = 67%)  

 Runoff Coefficient (seasonal) = 0.25 (low due to relatively long catchment and low 
slope)  

 Efficiency Factor = 0.5 (general estimate for long slope technique)   

i.e.: The catchment area must be 7.2 times larger than the cultivated area (in other 

words, the catchment: cultivated area ratio is 7.2:1)   
Comment: The ratio is high, but the system is designed for a dry area with a low runoff 

coefficient assumed.   
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b. Example Two:   

 Climate: Semi-Arid   

 RWH System: External Catchment (e.g. trapezoidal bunds)   

 Crop: 110 day Sorghum and Crop Water Requirement = 525 mm  

 Design Rainfall = 375 mm (P = 67%)   

 Runoff Coefficient = 0.25   

 Efficiency Factor = 0.5   

 

 

i.e: The catchment area must be 3.2 times larger than the cultivated area. In other 

words, the catchment: cultivated area ratio is 3.2:1.   

Comment: A ratio of approximately 3:1 is common and widely appropriate.   

c. Example Three:   

 Climate: Semi-Arid   

 RWH System: Microcatchment (e.g. contour ridges)   

 Crop: 110 day Sorghum and Crop Water Requirement = 525 mm   

 Design Rainfall = 310 mm (set at a probability level of P = 75% to give more 
reliability)   

 Runoff Coefficient == 0.5 (reflecting the high proportion of runoff from very short 

catchments)   

 Efficiency Factor == 0.75 (reflecting the greater efficiency of short slope catchments)   

i.e. The catchment area must be approximately twice as large as the cultivated area.  

Comment: Ratios are always lower for micro catchment systems due to a higher efficiency of 

water use and a higher runoff coefficient. Using a design rainfall of 67% probability (i.e. a 

less reliable system) would have even reduced the ratio to 1:1.  

3.2. Design method for trees plantation  
Trees are almost exclusively grown in micro-catchment systems where it is difficult to 

determine the proportion of total area exploited by the root zone, due to root development 

over the year.  However, it is assumed that the roots occupy an area equivalent to the canopy 

of the tree. Instead of calculating the C: CA, the procedure for trees is to estimate the total 

area of the micro-catchment (MC) i.e.  The catchment and cultivated (infiltration pit) 

together, for which the following formula can be used.  
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Fig. 2. Root infiltration Pit  

MC  RA  RA  DRCWR*K *DREf  

MC= (RA x CWR x DR x K) /Ef 

Where:  

 MC:   total size of micro catchment ( m2)   RA:    Area exploited by the root system (m2)  
 CWR:   water requirement (annually) (mm)   DR:  design rainfall (annual) 
(mm)  
 K:  runoff coefficient (annual)  Ef:  

efficiency factor.  

As a rule of thumb, it can be assumed that the area to be exploited by the root system is 

equal to the area of the canopy of the tree.    

While using rainwater-harvesting techniques for crop production, two types of construction 

materials and methods namely, stone and earth bund embankments are used. Soil is the most 

abundant construction material. Stone bunds are porous and can allow some overtopping. 

Therefore, they may not require a freeboard. They also silt quickly and may lose their 

effectiveness in holding runoff unless they are increased subsequent to silting. When loose 

stone is available, earth bunds are preferred. Stone bund can be used together with grasses; 

this helps to slow runoff and deposit suspended soil while allowing the water to slowly flow 

down the land slope. Soil bunds are made by compacting soil at optimum moisture until the 

required height is achieved.   

In water harvesting systems, to ensure stability of the structure side slopes 1: 1 on both sides 

are recommended. For field conditions, the most practical construction period is when the 

soil is moist, such as:  

 

1  m  
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 Immediately after harvesting the crop;  

 After a few showers at the beginning of the main season;  

 Making bunds during the minor season contribute to the reduction of labor 

competition in the main season.  

Example:    

• Semi-arid area, fruit tree grown in Negarim microcatchment    
• Annual water requirement (WR) = 1000 mm   
• Annual design rainfall (DR) = 350 mm   
• Canopy of mature tree (RA) = 10 m2 

• Runoff coefficient (K) = 0.5 and Efficiency factor (EFF) = 0.5   
• Total size MC = 10 x {(1000-350)/(350 x 0.5 x 0.5)} = 84m2 

As a rule of thumb, for multipurpose trees in the arid/semi-arid regions, the size of the micro 

catchment per tree (catchment and cultivated area together) should range between 10 and 100 

square metres, depending on the aridity of the area and the species grown. Flexibility can be 

introduced by planting more than one tree seedling within the system and removing surplus 

seedlings at a later stage if necessary.   

3.3Site and technique selection  
3.3.1People's priorities  
Before selecting a specific technique, due consideration must be given to the social and 

cultural aspects prevailing in the area of concern as they are paramount and will affect the 

success or failure of the technique implemented. This is particularly important in the arid and 

semi-arid  regions and may help to explain the failure of so many projects that did not take 

into account the people's priorities. In arid and semi-arid regions, most of the population has 

experienced basic subsistence regimes which resulted over the centuries in setting priorities 

for survival.  

Until all higher priorities have been satisfied, no lower priority activities can be effectively 

undertaken.    

Along with checking the sequence of priorities, the planner must also consider alternate 

sources of water. These must be compared with water harvesting in cost and in the risk 

involved. The comparison must take into account the water quality required, operational and 

maintenance considerations as well as the initial cost. Where alternate water is of better 

quality, is cheaper to develop, easier to obtain or involves less risk, it should be given 

priority. An example of this is the development of springs or shallow wells for micro-scale 

irrigation, prior to water harvesting.    
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3.3.2Basic technical criteria   
A water harvesting scheme will only be sustainable if it fits into the socio-economic context 

of the area and also fulfills a number of basic technical criteria.    

3.3.3SLOPE  
The ground slope is a key limiting factor to water harvesting. Water harvesting is not 

recommended for areas where slopes are greater than 5% due to uneven distribution of run-

off and large quantities of earthwork required which is not economical.    

3.3.4SOILS:   

Should have the main attributes of soils which are suitable for irrigation: they should be deep, 

not be saline or sodic and ideally possess inherent fertility. A serious limitation for the 

application of water harvesting are soils with a sandy texture. If the infiltration rate is higher 

than the rainfall intensity, no runoff will occur.   

3.3.5COSTS:   

The quantities of earth/stonework involved in construction directly affects the cost of 

ascheme or, if it is implemented on a self-help basis, indicates how labour intensive its 

construction will be. 

 

 

 

 

 

 

 

 
4. Common in-situ water harvesting structures  

4.1Negarims Micro catchment  
Although the first reports of such micro catchments are from southern Tunisia (Pacey and 

Cullis,1986) the technique has been developed in the Negev desert of Israel. The word 

"Negarim" is derived from the Hebrew word for runoff - "Neger". Negarim micro catchments 

are the most well-known form of all water harvesting systems.    

Negarim micro catchments are diamond-shaped basins surrounded by small earth bunds with 

an infiltration pit in the lowest corner of each. Runoff is collected from within the basin and 

stored in the infiltration pit. Micro catchments are mainly used for growing trees or bushes. 

This technique is appropriate for small-scale tree planting in any area which has a moisture 

deficit. Besides harvesting water for the trees, it simultaneously conserves soil. Negarim 
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micro catchments are neat and precise, and relatively easy 

to construct. It is regular squares made of soil bunds turned by 450 from the contour to 

concentrate runoff water at the lowest corner of the square. At the corner, an infiltration basin 

is made. At the center of the basin a planting pit is made. The whole square consists of a 

catchment area and a cropped area. Runoff collected from the catchment area and flows into 

the cropped area where it ponds, infiltrates and is stored in the soil.   

 
Figure 2:Field layout of Negarim micro catchments  

 

 

 
4.1.1Technical details   

 i. Suitability   

• Negarim micro catchments are mainly used for tree growing in arid and semi-arid 
areas.    

• Rainfall: can be as low as 150 mm per annum.    

• Soils: should be at least 1.5 m but preferably 2 m deep in order to ensure adequate root  

development and storage of the water harvested.    

• Slopes: from flat up to 5.0%.    
• Topography: need not be even - if uneven a block of micro catchments should be 

subdivided.    

ii. Overall configuration   

• Each micro catchment consists of a catchment area and an infiltration pit (cultivated 

area).   
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• The shape of each unit is normally square, but the 

appearance from above is of a network of diamond shapes with infiltration pits in the 

lowest corners (Figure ….).   iii.Limitations   

• While Negarim micro catchments are well suited for hand construction, they cannot 

easily be mechanized.   

• Once the trees are planted, it is not possible to operate and cultivate with machines 

between the tree lines.    

iv. Micro catchment size   

The area of each unit is either determined on the basis of a calculation of the plant (tree) 

water requirement or, more usually, an estimate of this   

 v. Size   

Size of micro catchments (per unit) normally range between 10 m2 and 100 m2 

depending on the specie of tree to be planted but larger sizes are also feasible, 

particularly when more than one tree will be grown within one unit  

vi. Design of bunds   

• The bund height is primarily dependent on the prevailing ground slope and the 

selected size of the micro-catchment.   

• It is recommended to construct bunds with a height of at least 25 cm in order to avoid 

the risk of over-topping and subsequent damage.   

• Where the ground slope exceeds 2.0%, the bund height near the infiltration pit must be 

increased.   

Table 1:Bund heights (cm) on higher ground slopes  

 

The top of the bund should be at least 25 cm wide and side slopes should be at least in the 

range of 1:1 in order to reduce soil erosion during rainstorms. Whenever possible, the 

bunds should be provided with a grass cover since this is the best protection against 

erosion  
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vii. Size of infiltration pit   

A maximum depth of 40 cm should not be exceeded in order to avoid water losses through 

deep percolation and to reduce the workload for excavation. Excavated soil from the pit 

should be used for construction of the bunds.    

viii. Quantities of Earthworks  

Quantities per unit include only the infiltration pit and two sides of the catchment, while 

the other two bunds are included in the microcatchment above. When a diversion ditch 

is required additional earthworks of 62.5 m3 per 100 m length of ditch will be needed. 
Table 2:Quantities of Earthworks 
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Figure 3:Negarim micro catchment: details for 0.25 m bund 
size (for dimensions’ x and y)  

The embankment bunds should be at least 25 cm high to avoid overtopping. The top width is 

at least 20 cm wide and the side slope 1:1. On steeper land slopes, the bund height should be 

increased especially near the infiltration pit. The pit should be 60 cm x 60 cm x 60 cm with 

the subsoil being used for bund construction. The infiltration basin is mostly round, but the 

planting pit can be either round or square.   

Example   

A farmer in arid zone has a land sloping 2% on one side and 5% on the other. The soil is a 

clay loam. He wants to grow mangoes at his farm.  The 60% reliable rainfall in the area is 

450 mm.  Mango requires 1200 mm rainfall per year. As the agricultural expert in the area, 

you recommend to him negarim micro-catchments. Then, what is the required spacing and 

size of each negarim micro-catchment?  How many mangoes trees can be grown in a hectare? 

Assume each mature mango tree has root that occupy an area of 12m2. Use also Ef   = 0.6 and 

k   = 0.5.  

Solution:  

Mc   = RA + RA x (CWR – DR) 

DR x Ef x k  
• Where: MC = total size of micro-catchment (m2) &RA= area exploited by root systems, 

12 m2  

• WR = water requirement, 1200 mm and DR = design rainfall, 450 mm,   
• E    = efficiency factor, 0.6 and K = run-off coefficient, o.5  
• Thus;  MC   = 12 + (12 x (1200-450) ÷ (450x0.6x0.5)) =12 + 67 = 79m2  
• Therefore, the total area (size of neqarim micro-catchments) required by each mango 

tree is 79 m2. The total mangoes trees in a hectare would be=10000/79= about 126 

mangoes trees.  

4.2Semi-circular bunds  
Semi-circular bunds are earth embankments in the shape of a semi-circle with the tips of the 

bunds on the contour. Semi-circular bunds, of varying dimensions, are used mainly for 

rangeland rehabilitation or fodder production. This technique is also useful for growing trees 

and shrubs and, in some cases, has been used for growing crops. Depending on the location, 

and the chosen catchment: cultivated area ratio, it may be a short slope or long slope 

catchment technique. Semi-circular bunds are more efficient in terms of impounded area to 

bund volume than other equivalent structures such as trapezoidal bunds for example. 

Surprisingly, this technique has never been used traditionally. This is a series of earth bunds 

shaped as halfcircles with the tips facing upslope and on the contour. They vary depending on 
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the crop type, soil and the rainfall amount. Semi-circular 

bunds are used in areas of 200- 750 mm rainfall, deep soils and low slopes. They require even 

topography. The space between tips of consecutive bunds is used for discharge 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 have also been used. As the 

slope increases, the height is increased accordingly from the tip to the lowest point. The 

minimum height at the tip is 0.1 m (Figure  

….)  

4.2.1Technical details   

i. Suitability  

Semi-circular bunds for rangeland improvement and fodder production can be used under the 

following conditions:    

• Rainfall: 200 - 750 mm: from arid to semi-arid areas.    
• Soils: all soils which are not too shallow or saline.    
• Slopes: below 2%, but with modified bund designs up to 5%.    

• Topography: even topography required, especially for design "a" (figure…below).    
• The main limitation of semi-circular bunds is that construction cannot easily be 

mechanized.    

• Since semi-circular bunds can be designed to a variety of dimensions, two specific 

designs are explained in this section. Design "a" comprises small structures, closely 

spaced. It is suitable for the relatively "wetter" semi-arid areas but requires low slopes 

and even terrain. Design "b", with larger and wider spaced bunds, is more suitable for 

drier areas, and does not need such even topography.    

ii. Overall configuration   

• The two designs of semi-circular bunds considered here differ in the size of structure 

and in field layout. Design "a" has bunds with radii of 6 metres, and design "b" has 

bunds with radii of 20 metres.   

• In both designs the semi-circular bunds are constructed in staggered lines with runoff 

producing catchments between structures.    

• Design "a" is a short slope catchment technique, and is not designed to use runoff 

from outside the treated area, nor to accommodate overflow. Design "b" is also a short 

slope catchment system, but can accommodate limited runoff from an external source.  

Overflow occurs around the tips of the bund which are set on the contour.    
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iii. Catchment: cultivated area ratio   

C:CA ratios of up to 3:1 are generally recommended for water harvesting systems used for 

rangeland improvement and fodder -production. A detailed calculation is not required. The 

reasons for applying low ratios are that already adapted rangeland and fodder plants in 

semiarid and arid areas need only a small amount of extra moisture to respond significantly 

with higher yields. Larger ratios would require bigger and more expensive structures, with a 

higher risk of breaching.   

Design "a" as described here has a C:CA ratio of only 1.4:1, and does not require provision 

for overflow. Design "b" has a C:CA ratio of 3:1, and therefore provision for overflow 

around the tips of the bunds is recommended, though occurrence of overflow is usually rare. 

A larger C:CA ratio for design "b" is possible but it should not exceed 5:1.   

 
Figure  4 : Semi - circular bunds: field layout    
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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, the shape and size 

of cropped and catchment areas differ.  

iv.Bund design   Design 

"a":   

This design, suitable for slopes of 1% or less, consists of a series of small semi-circular bunds 

with radii of 6 meters. Each bund has a constant cross section over the whole length of 19 m. 

The recommended bund height is 25 cm with side slopes of 1:1 which result in a base width 

of 75 cm at a selected top width of 25 cm.    

The tips of each bund are set on the contour, and the distance between the tips of adjacent 

bunds in the same row is 3 meters. Bunds in the row below are staggered, thus allowing the 

collection of runoff from the area between the bunds above. The distance between the two 

rows, from the base of bunds in the first line to tips of bunds in the second, is 3 meters. At 

this spacing 70-75 bunds per hectare are required.    

Design "b"   

The radius of the semi-circle is 20 meters. The cross-section of the bund changes over its 

length. At the wing tip, the bund is only 10 cm high, but the height increases towards the 

middle of the base to 50 cm with side slopes of 3:1 (horizontal: vertical), and a top width of 

10 cm. Corresponding base widths are 70 cm and 3.10 meters, respectively. As with design 

"a", the bunds must be arranged in a staggered configuration. Due to the larger dimensions of 

the bunds there are only 4 structures required per hectare. The distance between the tips of 

two adjacent structures in one row is 10 m while 30 metres are recommended between the 

base of the upper structure and the tips of the lower one. As already mentioned above, radii 

and distances between the structures can be increased or decreased according to the selected 

C:CA ratio. Design "b" is recommended on slopes up to 2%. For higher slopes, smaller radii 

are required. For example, on a slope of 4%, the radius should be reduced to 10 metres and 

the distance between two adjacent rows from 30 metres to 15 metres while the tips of two 

adjacent structures should be 5 m apart instead of 10 m. The number of structures required 

for one hectare would thus increase to 16 which maintains the C:CA ratio of 3:1.    

 

 



 Page | 24/43  

Small Scale and Micro Irrigation Support Project(SMIS) – Amhara Region Office   
Bahir Dar, Dr. Abdu Building 2nd floor, near Alwaq Hotel | P.O.Box 2293 | Tel 251 9 1872 0416 | smis-ethiopia.org | info-amhara@smis-ethiopia.org 

v.Quantities of earthworks   

Table below gives quantities of earthworks required for different layouts.  It should be noted 

that where a diversion ditch is required (Design "a" only), 62.5 m3 for each 100 meters of 

length has to be added to the figures in column 6.    

Table 3:Quantities of earthworks for semi- circular bunds 

 
 
vi.Design variations   

Semi-circular bunds can be constructed in a variety of sizes, with a range of both radii and 

bund dimensions. Small radii are common when semi-circular bunds are used for tree 

Figure  5 : Semi - circular bund dimension  
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growing and production of crops. A recommended radius 

for these smaller structures is 2 to 3 meters, with bunds of about 25 cm in height.  

4.3Contour ridges for crops  
Contour ridges, sometimes called contour furrows or micro watersheds, are used for crop 

production. This is again a micro catchment technique. Runoff is collected from the 

uncultivated strip between ridges and stored in a furrow just above the ridges. Crops are 

planted on both sides of the furrow. A cereal is planted on the lower side of the furrow and a 

pulse on the upper side. The system is simple to construct - by hand or by machine - and can 

be even less labour intensive than the conventional tilling of a plot.  The yield of runoff from 

the very short catchment lengths is extremely efficient and when designed and constructed 

correctly there should be no loss of runoff out of the system. Another advantage is an even 

crop growth due to the fact that each plant has approximately the same contributing 

catchment area. Contour ridges for crops are not yet a widespread technique. They are being 

tested for crop production on various projects.  

The technique is used for row crops in areas of 350- 700 mm of annual rainfall and requires 

even topography. Furrows are dug on a contour and ridges formed immediately on the lower 

side. The ridges are spaced at 1-2m and are usually l5-20 cm or higher. This forms a 

catchment, which produces runoff that collects at the furrow. The furrows are tied every 5m 

to ensure that in case of a defective spirit level, runoff does not flow laterally and concentrate 

on one side causing erosion. Contour ridges can be made with oxen. The technique is 

therefore suitable in areas with a well-developed use of draught power.   

4.3.1Technical details   

i.Suitability   

• Contour ridges for crop production can be used under the following conditions:  
• Rainfall: 350 - 750 mm.    
• Soils: all soils which are suitable for agriculture. Heavy and compacted soils may be a 

constraint to construction of ridges by hand.    

• Slopes: from flat up to 5.0%.    
• Topography: must be even - areas with rills or undulations should be avoided.    

 
ii.Limitations   

Contour ridges are limited to areas with relatively high rainfall, as the amount of 

harvested runoff is comparatively small due to the small catchment area.    

iii.Overall configuration   

The overall layout consists of parallel, or almost parallel, earth ridges approximately on the 

contour at a spacing of between one and two meters. Soil is excavated and placed downslope 
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to form a ridge, and the excavated furrow above the ridge 

collects runoff from the catchment strip between ridges. Small earth ties in the furrow are 

provided every few meters to ensure an  even storage of runoff. A diversion ditch may be 

necessary to protect the system against runoff  from outside.  

 

iv.Catchment: cultivated area ratio   

The cultivated area is not easy to define. It is a common practice to assume a 50 cm strip with 

the furrow at its center. Crops are planted within this zone, and use the runoff concentrated in 

the furrow. Thus for a typical distance of 1.5 m between ridges, the C:CA ratio is 2:1; that is 

a catchment strip of one meter and a cultivated strip of half a meter. A distance of 2 meters 

between ridges would give a 3:1 ratio. The C:CA ratio can be adjusted by increasing or 

decreasing the distance between the ridges. The calculation of the catchment: cultivated area 

ratio follows the design model of Chapter 4. In practice a spacing of 1.5 - 2.0 meters between 

ridges (C:CA ratios of 2:1 and 3:1 respectively) is generally recommended for annual crops 

in semi-arid areas.    

v.Ridge design   

Ridges need only be as high as necessary to prevent overtopping by runoff. As the runoff is 

harvested only from a small strip between the ridges, a height of 15 -20 cm is sufficient. If 

bunds are spaced at more than 2 meters, the ridge height must be increased.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure  6 : Contour ridges: field layout  
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vi.Quantities and labour   

Quantities of earthwork for different contour ridge spacing and ridge heights are given below. 

It should be noted that the construction of the ridges already includes land preparation - no 

further cultivation is required. Where a diversion ditch is necessary, an additional 62.5 m3 for 

each 100 metre of length of ditch has to be added.   

vii.Design variations   

Design variations developed in Israel are the "runoff strips" ("Shananim") and "strip 

collectors" as described by Shanan and Tadmore (1979). A series of wide, but shallow ridges 

and furrows are formed by means of a blade grader. The space in between the ridges can be 

several meters (for strip collectors, the space is usually between 2-5 meters).   

Example 

A farmer wants to plant at 0.5m wide cropping area a mixed maize-green gram crop. The 

60% reliable seasonal rainfall in the area is of 150 mm. The field slopes is at 4%. Contour 

ridges are suggested as the most suitable method. If the soil is a sandy loam, mean seasonal 

water requirement is 315 mm, k= 0.3, and Ef=0.5, determine the ridge spacing.   

Solution: C/CA =   (CWR – DR)         DR x Ef x k        =   (315– 150) 
        = 7.3: 1               (150 x 0.5x 0.3)  

Taking the crop area as 0.5m wide, the catchment will be 0.5 x 7.3 = 3.6m wide and the ridge 

spacing would be 3.6 + 0.5 = 4.1m wide.  

4.4Contour stone bunds  
Contour stone bunds are used to slow down and filter runoff, thereby increasing infiltration 

and capturing sediment. The water and sediment harvested lead directly to improved crop 

performance. This technique is well suited to small scale application on farmer's fields and, 

given an adequate supply of stones, can be implemented quickly and cheaply. Improved 

construction and alignment along the contour makes the technique considerably more 

effective. The great advantage of systems based on stone is that there is no need for 

spillways, where potentially damaging flows are concentrated. The filtering effect of the 

 Figure  7 : Contour ridge dimensions  
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semi-permeable barrier along its full length gives a better 

spread of runoff than earth bunds are able to do. Furthermore, stone bunds require much less 

maintenance.    

The spacing between stone bunds is normally l5-30m but should be decreased as the slope 

increases. The minimum height of 25 cm and a base width of 35-40 cm set into a 5-l0 cm 

deep trench, which acts as a key. On slopes less than 1%, bunds are spaced at 20m and on 1-

2% are spaced at. Bunds are made with a good mix of large and small stones to ensure that 

runoff is allowed to pass through slowly. The small stones are normally placed upstream and 

the large ones downstream. The standard design is used for sizing the catchment area. The 

initial cultivated area may be small but is adjusted upwards in subsequent seasons as more 

experience is gained. The bunds will allow runoff through in the first few seasons. However, 

soil and vegetative materials will subsequently plug the spaces between the stones to make 

the structure to hold runoff above it.   

4.4.1Technical details   

i.Suitability   

Stone bunds for crop production can be used under the following conditions:    

• Rainfall: 200 mm - 750 mm; from arid to semi-arid areas.    
• Soils: agricultural soils.    
• Slopes: preferably below 2%.    
• Topography: need not be completely even.    
• Stone availability: must be good local supply of stone.   ii.Overall configuration   

• Stone bunds follow the contour, or the approximate contour, across fields or grazing 

land. The spacing between bunds ranges normally between 15 and 30 m depending 

largely on the amount of stone and labour available. There is no need for diversion 

ditches or provision of spillways  

• Where stones are inadequate, they can be used in combination with other materials. 

Grass and other vegetative materials are planted behind stone bunds for more strength. 

Earth bunds can also be used with stones making spillways staggered along the bund 

(Figure ….).  
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iii.Catchment: cultivated area ratio   

• Contour stone bunds are a long slope technique relying on an external catchment. 
• Initially it is advisable to be conservative in estimation of areas which can be 

cultivated from any catchment. The area can be extended either downslope or upslope 

in subsequent cropping seasons, if appropriate 

iv.Bund design   

• Although simple stone lines can be partially effective, an initial minimum bund height 

of 25 cm is recommended, with a base width of 35 - 40 cm.   

• The bund should be set into a shallow trench, of 5 - 10 cm depth, which helps to 

prevent underminingby runoff.   

• As explained in the construction details, it is important to incorporate a mixture of 

large and small stones. A common error is to use only large stones, which allow 

runoff to flow freely through the gaps in-between.   

• The bund should be constructed according to the "reverse filter" principle - with 

smaller stones placed upstream of the larger ones to facilitate rapid siltation.    

• Bund spacings of 20 metres for slopes of less than 1%, and 15 metres for slopes of 

12%, are recommended.    

Example   

In an area with a design rainfall of 230 mm, ten rows of sorghum at 0.6m rows spacing is to 

be grown in a stony farm. The seasonal crop water requirement is 400 mm, K=0.5 and 

Ef=0.4. The land slopes at 5% and the soil is a clay loam. Then, what will be the 

recommended bund spacing?  

Solution: C/CA = (400-230)/ (230 x 0.4x 0.5) =3.7  

Since sorghum is planted in rows at 60 cm apart, 10 rows will cover 6m.   

 
Figure  8 : Contour stone bund  
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The catchment length will be  = 6x3.7=22.2m.   

The total spacing between bunds will be  = 22.2+6 = 28.2m.   

 

4.5Contour soil bunds  
These are simplified micro catchments mainly used for trees and are suitable in areas of 200- 

750 mm annual rainfall. They can also be used for intercropping trees with fodder or crops 

between the bunds. The technique is easily made with oxen; hence in certain regions it may 

be more applicable. Contour bunds require an even topography without gullies or rills, deep 

soils (1.5-2m) and slopes not exceeding 5%.   

Bunds are made on the contour at spacing of recommended design. They are formed with soil 

excavated from a furrow on the contour and deposited down slope. Perpendicular earth ties 

are made at close spacing on the upslope for better runoff Control. Each micro-catchment can 

be planted with one or several trees. Planting pits are made between the ties and the bunds.  

The micro catchments size varies from 10-50m2 for each tree. The bunds are at least 25 cm 

high, the height increasing with the slope of the land. The ties are 2m or longer and are 

spaced at 2-10m depending on the required size of micro catchment. The spacing of ties 

increases with increasing slope as the spacing of the bunds decreases (Figure 25)   

 
Figure 9:Field layout of contour soil bunds 

Example   

A forest is to be established using contour soil bunds in an area with a 60% reliable annual 

rainfall of 480 mm. The land is a pasture sloping at 3%. The estimated water requirement of 

the trees is 900 mm. If the soil is a silt loam, determine the size of the micro-catchment. 

Assume a 3m2 canopy for 4-year old trees. Use k=0.3 and E=0.7.  

 

Solution:  

MC   = RA +   RA (CWR-DR)      = 3 + 3 (900 – 480)     = 15.5 m2        
DR*K*Ef             480 x 0.3 x 0.7  
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Where, MC- total size of micro-catchment & RA = area 
exploited by root systems (m2)  

4.6Water spreading bunds  
Water spreading bunds are often applied in situations where trapezoidal bunds are not 

suitable, usually where runoff discharges are high and would damage trapezoidal bunds or 

where the crops to be grown are susceptible to the temporary waterlogging, which is a 

characteristic of trapezoidal bunds. The major characteristic of water spreading bunds is that, 

as their name implies, they are intended to spread water, and not to impound it. They are 

usually used to spread floodwater which has either been diverted from a watercourse or has 

naturally spilled onto the floodplain. The bunds, which are usually made of earth, slow down 

the flow of floodwater and spread it over the land to be cultivated, thus allowing it to 

infiltrate.  

 
Figure 10:Flow diversion system with water spreading bunds  

4.6.1Technical Details   

i.Suitability   
Water spreading bunds can be used under the following conditions:   

• Rainfall: 100 mm - 350 mm; normally hyper-arid/arid areas only.   
• Soils: alluvial fans or floodplains with deep fertile soils.   
• Slopes: most suitable for slopes of 1% or below.   
• Topography: even.   
• The technique of floodwater farming using water spreading bunds is very site-specific. 

The land must be sited close to a wadi or another watercourse, usually on a floodplain 

with alluvial soils and low slopes.   
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• This technique is most appropriate for arid areas 

where floodwater is the only realistic choice for crop or fodder production.   

ii.Overall configuration   
Two design examples are given. The first is for slopes of less than 0.5%, where the 

structures are merely straight open ended bunds sited across the slope, which "baffle" 

(slow and spread) the flow. The second, for slopes greater than 0.5%, is a series of 

graded bunds, each with a single short upslope wing, which spread the flow gradually 

downslope. In each case, crops or fodder are planted between the bunds.   

iii.Catchment: cultivated area ratio   
The precise calculation of a catchment: cultivated area ratio is not practicable or 

necessary in the design of most water spreading bunds. The reasons are that the 

floodwater to be spread is not impounded - much continues to flow through the 

system, and furthermore often only part of the wadi flow is diverted to the productive 

area. Thus the quantity of water actually utilized cannot be easily predicted from the 

catchment size.   

iv.Bund design  a. Slopes of less than 0.5%   

• Where slopes are less than 0.5%, straight bunds are used to spread water. Both ends 

are left open to allow floodwater to pass around the bunds, which are sited at 50 

meters apart. Bunds should overlap - so that the overflow around one should be 

intercepted by that below it.   

• The uniform cross section of the bunds is recommended to be 60 cm high, 4.1 meters 

base width, and a top width of 50 cm. This gives stable side slopes of 3:1. A 

maximum bund length of 100 meters is recommended.   

 
b. Slopes of 0.5% to 1.0%   

• In this slope range, graded bunds can be used (Figure 59). Bunds, of constant 

crosssection, are graded along a ground slope of 0.25%. Each successive bund in the 

series downslope is graded from different ends. A short wingwall is constructed at 

135° to the upper end of each bund to allow interception of the flow around the bund 

above.   

• This has the effect of further checking the flow. The spacing between bunds depends 

on the slope of the land. The maximum length of a base bund is recommended to be  

100 metres  
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v.Quantities and labour   

• Table below gives details of the quantities and labour involved in construction of 

water spreading bunds for different slope classes.   

• A bund cross section of 1.38 square metres is assumed. Labour requirements are 

relatively high because of the large sized structures requiring soil to be carried.  

Table 4:quantities of earthworks for water spreading bunds 

 
 

4.7Broad bed and furrow system:    
It is made of 1m broad beds separated by 0.5m furrows with a furrow slope is usually 0.4-

0.8% on vertisols. This technique serves to encourage moisture storage in the soil profile; 

dispose safely any surplus surface runoff; and provide better-drainage.   

As crops on the BBm should be sown early during the start of the main rains, the crops of the 

BBm system can be harvested about two months earlier than those sown on traditional flat 

seedbeds as they are planted late in the rainy season. In some places where enough moisture 

is available, a second crop mainly chickpeas or rough peas could be planted as done by some 

farmers as these crops are generally planted to grow on residual moisture. Early harvest is 

 

 

 

 

 

 

 

 

 

Figure  11 : ater spreading Bund dimensions  
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beneficial for smallholder farmers since it coincides with 

the period of severe household food deficit and high grain prices in the local market.  

4.8Ridging and tied ridging:   
Good potential to improve production exists 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. Farmers in Raya - valley practice tied ridges along their practice of runoff 

farming i.e. spate irrigation. They are used for annuals, however, when changed to inter-row 

rainwater harvesting structures tree crops can be grown. The purpose of using tied ridges is to 

increase surface storage of rainwater. On this area, furrows on the contour are dammed with 

small ties down the slope. It is a high labor requirement technique unless the farmer can first 

use oxen to make the ridges.   

 
Figure 12:Tied ridges along the contours 

 i. Suitability    

• 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.  

 ii. Technical detail   

• 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.  
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• Row spacing and tieng interval dependent on 

slope of the land, intesity of rainfall and water holding capacity of the soil.  

• Training and demonstration is needed on how to insert into the traditional implement.  

4.9 Percolation pit:   
A percolation pit is a structure, constructed on any marginal land with pervious soil, with the 

following objectives:  

• Recharge the ground water  
• Enhance biomass production through improved water availability in the soil profile.  
• Reduce runoff and subsequently erosion and land degradation  
• Enhanced ground water availability for human and livestock use and irrigation.  
• Water stored in the upper 1-3 m of the soil profile can sustain vegetative growth.  
• Capturing the runoff by a series of ponds and related structures would retard surface 

runoff and subsequently avert land degradation  

4.9.1Technical detail  

i.Suitability  

• Suitable in all areas where there is no drainage problem or where the ground water 

table is deep.   

• Suitable in areas where the ground is pervious  
• Can be constructed on any topography with adequate runoff.  

 

 
ii.Design and Technical standard  

Percolation pits could be constructed in a wide range of conditions; at any marginal land, at 

outlets of cutoff drains/water ways, at abandoned quarries and depressions. There should be 

ample runoff that is free from pollution.  

• Excavate a 50 cm deep pond of any shape with either sides ranging from 2.5 to 10 

meters.  

• Inside the 0.5m pond, excavate a pit with a diameter of 2.5m and depth of 2 m.  
• Inside the pit excavate another pit with a dia. of 1.5m to a minimum depth of 1m or 

more  

• The upper most portion of the pit is covered with an artificial filter to prevent 

suspended materials from entering in to the aquifer with recharged water.  

• The filter consists of 0.4m thick coarse sand, 0.5 m thick gravel (diameter 20mm) and 

stones of 40 mm size starting from 1m below the surface up to the bottom end The 

pit can be circular or take the shape of the available land.   
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4.10.Conservation Bench Terrace (CBTs)  
It is constructed on steep slopes to combine soil and water conservation with water harvesting 

practices. It controls erosion and retain moisture. Conservation Bench Terrace is suitable for 

food/ tree crops and are effective in controlling runoff and erosion. It is also water harvesting 

structures, the riser acts as a catchment. Common in most parts of the country (e.g Oromo 

bihereseb zone) generally in dry areas. benching action eases cultivation operation by oxen, 

however, more appropriate to use.  

 i. Suitability  

• 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 ii. Design and Technical standard  

• The main design consists of the width of terrace and the catchment area. Typical 

terrace widths are 10m and up to 30m and 50m or more (on gentle slope).   

• Mini terraces 9m wide are made with 1:1 C:CA ratio.   

• The bench can be made either level along its length or graded at 1:400 (0.25%). 

Typical C:CA ratios are 1:1 or 2:1.  

• The catchment area increases as rainfall decreases. A rotation can be considered to 

alternate cropping in the catchment in wetter seasons and fallow in the drier ones.  

 iii. Limitations   

In very high slopes hoe cultivation is a must, labor intensive 

Requires frequent maintenance if not well stabilized.  

 

 

 

 

 

 

 

 

Figure  13 : Percolation pit layout  
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4.11. Zay pits   
The Zay pits increase crop yield by a combination of moisture conservation; and it also 

referred to as planting pits. Serious of circular pits excavated for planting crops 80 cm 

diameter with 15cm depth & 20cm spacing between pits. The preferred soil is sandy loam as 

pit preparation is easier. However, pits can be used on a wider range of soils due to their 

small size. Zai pits are a system of small pits dug along approximate contours allows the 

cultivation of crops on degraded lands. The zaï pits restore degraded lands (crusted, hard, 

compacted and poorly structured soils), thus increasing the land available for cultivation. It is 

a simple technique that, amongst others, landless or oxen less can practice because it requires 

only manual labour Digging Zai pits during the dry season, preferably at the end of rains. 

Compost applications in January. Other operations follow cropping requirements.  

 

 i. Technical detail  

• Add contour bunds every 20-30 zaï lines to avoid risk of excess runoff breaking too 

many zais in case of heavy rains.  

• A ply compost and control grazing.  
• Start with demonstration sites.  

 

Figure  14 : Conservation bench terrace layout  
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Figure 15:Areal and cross sectional view of Zai pits  
4.12. Large half moons (staggered alternatively)  
These structures are common in most drylands in the world since ancient times - not found in 

Ethiopia except for similar smaller structures for tree planting. However, principles of rainfall 

multiplier system is known in most Ethiopian drylands.  

The measure is a rainfall multiplier system that allow cultivation of crops in low rainfall 

areas.  It is applied in areas with sandy and sandy loamy soils affected by low fertility levels 

and thin surface crusts that inhibit infiltration and increase runoff.  

Large half-moons are suitable structures to enable cultivation of drought resistant crops in 

areas with very low rainfall. They intercept all runoff and stop erosion. It is also a measure 

suitable for rangelands and degraded grazing lands in dry areas (forage crops). If applied 

correctly it is a very effective technology for the reclamation and rehabilitation of shallow 

and crusted sandy Areas. It is usually a zero-runoff system thus reduces erosion significantly.  

 i. Technical details   

• 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.  
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• 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-meter width of cultivated area) will be distant from the next one 5 meters; 

with 1: 1 ratio, 7.5 m with 1:2 ratio and 10 m with 1:3 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-runon 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  

 

 

 

 

 

 

 
 

Figure 16: A 1:1 ratio large half-moon terrace layout  

 

4.13. Runoff harvesting basins from the road:  

 These are structures, which hold runoff on the cultivated surface allowing it to infiltrate from 

which its source of runoff can be a road, grazing field, hill etc. The basins are made of earth 

bunds 20-40 cm high and are most useful on low slopes of 0.5-5%. 
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5. Operation and Maintenance  

This technology requires very little maintenance once the site is chosen and prepared. 

Maintenance is done primarily during the course of normal, day-to-day agricultural activities, 

and consists primarily of keeping the collection area free of debris and unwanted vegetation. 

Where only parts of the rows are cultivated, rotating the areas that are ploughed will enable 

more efficient maintenance of the available storage area.  

 

6. Management and the socio economic condition of in-situ RHS   
This manual concentrates mainly on the technical aspects of rainwater harvesting systems, 

but it has been stressed throughout that it takes more than engineering and agronomy to make 

a project successful. Socio-economic factors are particularly important. Obviously, if the 

small scale farmer is the "customer" or beneficiary, then she/he must understand and be 

happy with a system which is appropriate, and which she/he is able to manage and maintain.   

Farmers should always be involved in planning and executing field programmes. 

Management and new techniques should not become a continuous burden to the farmers. The 

design and implementation of a conservation and rehabilitation programme is likely to be 

most successful, if they are the product of interdisciplinary work between technical staff and 

those experienced in economic and social issues.   

6.1. People's priorities   
If the objective of rainwater harvesting projects is to assist resource-poor farmers to improve 

their production systems, it is important that the farmer's/agropastoralist's priorities are being 

fulfilled, at least in part. Otherwise success is unlikely. If the local priority is drinking water 

supply, for example, the response to water harvesting systems for crop production will be 

poor.    

6.2. Participation   
It is becoming more widely accepted that unless people are actively involved in the 

development projects which are aimed to help them, the projects are doomed to failure. It is 

important that the beneficiaries participate in every stage of the project. When the project is 

being planned, the people should be consulted, and their priorities and needs assessed. During 

the construction phase the people again should be involved -supplying labour but also helping 

with field layouts after being trained with simple surveying instruments. Throughout the 

course of the season it is helpful to involve people in monitoring, such as rainfall and runoff 
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and recording tree mortality. A further participatory role 

is in maintenance, which should not be supported by incentives.  After the first season it is 

the farmers themselves who will often have the best ideas of modifications that could be 

made to the systems. In this way they are involved in evaluation, and in the evolution of the 

water harvesting systems.    

6.3. Adoption of systems   
Widespread adoption of water harvesting techniques by the local population is the only way 

that significant areas of land can be treated at a reasonable cost on a sustainable basis. It is 

therefore important that the systems proposed are simple enough for the people to implement  

and to maintain. To encourage adoption, apart from incentives in the form of tools for 

example,  there is a need for motivational campaigns, demonstrations, training and extension 

work and to maintain. To encourage adoption, apart from incentives in the form of tools for 

example,  there is a need for motivational campaigns, demonstrations, training and extension 

work.    

6.4. Area differences   
It is tempting to assume that a system which works in one area will also work in another, 

superficially similar, zone. However, there may be technical dissimilarities such as 

availability of stone or intensity of rainfall, and distinct socio-economic differences also. For 

example, a system which is best adapted to hand construction may not be attractive to people 

who normally till with animals. If a system depends on a crop well accepted in one area - 

sorghum for example  - this may be a barrier to acceptance where maize is the preferred food 

grain.    

6.5. Gender and equity   
If water harvesting is intended to improve the lot of farmers in the poorer, drier areas, it is 

important to consider the possible effects on gender and equity. In other words, will the 

introduction of water harvesting be particularly advantageous to one group of people, and 

exclude others? Perhaps water harvesting will give undue help to one sex, or to the relatively 

richer landowners in some situations. These are points a projects should bear in mind during 

the design stage. There is little point in providing assistance which only benefits the relatively  

wealthier groups.    

6.6. Land tenure   
Land tenure issues can have a variety of influences on water harvesting projects. On one hand 

it may be that lack of tenure means that people are reluctant to invest in water harvesting 

structures on land which they do not formally own. Where land ownership and rights of use 

are complex it may be difficult to persuade the cultivator to improve land that someone else 



 Page | 42/43  

Small Scale and Micro Irrigation Support Project(SMIS) – Amhara Region Office   
Bahir Dar, Dr. Abdu Building 2nd floor, near Alwaq Hotel | P.O.Box 2293 | Tel 251 9 1872 0416 | smis-ethiopia.org | info-amhara@smis-ethiopia.org 

may use later. On the other hand, there are examples of 

situations where the opposite is the case in some areas farmers like to construct bunds 

because it implies a more definite right of ownership. The most difficult situation is that of 

common land, particularly where no well defined management tradition exists. Villagers are 

understandably reluctant to treat areas which are communally grazed.    

6.7. Village land use management   
The whole question of land management by village communities has recently been 

acknowledged to be extremely important. Degraded land in and around villages can only be 

improved if land use management issues are faced by the communities themselves. One of 

the techniques which can assist in rehabilitation of degraded land is water harvesting but it is 

only one tool among several others and cannot be effective in isolation. Unless, for example, 

grazing controls are implemented, there is little point spending money on water harvesting 

structures for re-seeding.   
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