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FOREWORD 

Major land degradation problems across the Ethiopian Highlands include soil erosion, soil 

nutrient and organic matter depletion. The causes of these problems include inherent soil 

characteristics, intense and erosive rainfall events, steep and dissected terrain in the 

highlands, cultivation on steep slopes, frequent ploughing, limited adoption of soil and water 

conservation measures, feeding or burning of crop residues and manure, declining use of 

fallow together with limited application of either organic or inorganic fertilisers, overgrazing, 

and deforestation.  

Many factors underly the causes of these problems.  These include growing populations, 

poverty and food insecurity, limited market development and/or access, farmers’ lack of 
awareness of appropriate and profitable technologies or practices, the high costs of inputs and 

lack of credit, and difficulties in achieving effective collective action to manage natural 

resources. The challenge for policy makers is to identify and implement appropriate policies 

and programmes to effectively address these problems and achieve sustainable development 

in the Highlands. In areas with high agricultural potential and high market access, 

intensification of crop production using high levels of external inputs maybe appropriate, 

whereas in medium and lower potential areas with limited market access, an integrated crop–
livestock system is desirable. This can be achieved using integrated soil fertility management 

practices on cultivated land in conjunction with improved management of grazing and 

enclosure areas.  

As such, the Ethiopian Government remains committed to promoting soil health and, soil 

fertility for the benefit of both present and future generations.  Improving soil fertility is an 

essential pre-requisite for achieving the targets set out in the national development agenda 

for both increasing agricultural productivity on a sustainable basis, improving human health 

and food security.  There are several ongoing initiatives spearheaded by the Ministry of 

Agriculture and Natural Resources to promote and safe-guard soil health in Ethiopia.  These 

include scaling up the Sustainable Land Management (SLM) programme of which the 

Integrated Soil Fertility Management (ISFM) programme is an integral component.  It also 

includes activities to promote Conservation Agriculture (CA) and increase capacity for Climate 

Smart Agriculture (CSA), these being key components of the ongoing Ethiopian Soil 

Campaign.  

For these reasons, this updated Technical Manual is welcomed.   
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INTRODUCTION 
Soil fertility is fundamental in determining the productivity of all farming systems. Soil fertility 

is commonly defined in terms of the ability of a soil to supply elements essential for plant 

growth without a toxic concentration. However, these days, soil fertility is also viewed as an 

ecosystem integrating diverse soil functions. It is the combined effects of three major 

interacting components: the chemical, physical and biological characteristics of the soil. The 

capacity of soils to be productive depends on more than just plant nutrients. The physical, 

biological, and chemical characteristics of a soil, for example its organic matter content, 

acidity, texture, depth, and water-retention capacity, all influences soil fertility. 

Degraded soils, low soil fertility and absence of sustainable soil fertility management practices 

are major constraints contributing to low productivity, food shortages and poverty in Ethiopia. 

Though water is the primary limiting factor to cultivation in most cultivated lands in Ethiopia, 

soil fertility is a close second. 

Major causes of soil fertility decline include topsoil erosion, organic matter depletion and soil 

acidity. According to IFPRI (2010), the average annual soil loss from agricultural land is 

estimated to be 137 tons per hectare per year for the Ethiopian highlands, which is 

approximately an annual soil depth loss of 10-13 mm. Soil acidity and aluminium toxicity is 

another important challenge affecting soil fertility in Ethiopia. According to Schlede (1989), 

over 40% of Ethiopian soils are affected by acidity. Out of this total, 27.7 percent are moderate 

to weakly acidic (pH of 5.5 - 6.7); 13.2 percent are strong to moderately acidic (pH < 5.5) and 

nearly one-third have an aluminium toxicity problem. Severe organic matter depletion, driven 

by competing uses for crop residues and manure as livestock feed and fuel is another major 

cause of low soil fertility.  

Looking forward, Ethiopia major challenges of increasing population and increasing food 

demand necessitates continued gains in both land and labour productivity. Although, in the 

longer term, climate change is not expected to affect average yields, the incidences of other 

shocks are expected to increase (Dorosh and Minten. 2020). As agriculture transforms from a 

relatively low productivity cereal and small-scale livestock farms with low marketed output 

toward high productivity, soil health and soil fertility improvements are urgently required. 

There are two main approaches to improve soil fertility management (Sánchez 1995). One is 

to manage soil fertility and meet plant requirements through external inputs (inorganic means), 

while the second (organic means) relies on biological processes of optimizing nutrient 

recycling, with little emphasis on external inputs, but maximizing the efficiency of their use. A 

more sustainable middle path that combines the best features of both approaches, Integrated 

Soil fertility Management (ISFM), is better than either alone.  This includes close crop-livestock 

integration as well as promoting “Conservation Agriculture” (CA) and “Climate Smart 
Agriculture” (CSA) and “Regenerative Agriculture” (RA) approaches where they are 
appropriate.  For this reason, this updated manual includes discussion on each with additional 

new modules or sections on, rainwater harvesting, and use of biogas slurry. 

  



 

2 

 

MODULE 1: CONCEPTS OF A HEALTHY SOIL 

1.1 WHAT IS A HEALTHY SOIL?  

Soil is the cornerstone of food security and agricultural development and its care, 

restoration, enhancement and conservation is becoming a major global priority. Neglected 

soils lose fertility that increasingly lowers yields over time. Smallholder farmers, especially 

those that farm on inherently poor soils and lack the resources to invest in their lands, 

disproportionately carry the greatest burden. Renewed attention and investment in soils and 

sustainable land management, however, can reverse the process of degradation. 

Embracing integrated soil management that builds on local and natural resources, with the 

appropriate use of targeted inputs and management practices, will provide the care and 

attention that Africa’s soils need for long term sustainable and productive use (Montpellier 
Panel, 2014). 

A recent “Soil Atlas of Africa” (Jones et al, 2013) highlights soil degradation as a threat to 
about one quarter of the productive land on the continent.  This includes desertification and 

soil erosion, but most prominent is the decline in soil fertility through loss of nutrients and 

organic matter under continuous cropping. At the same time, a growing population and the 

need for social and economic development, along with concerns about climate change, 

continue to increase demands on agriculture for food, fodder, fuel and fibre.  Simply increasing 

the amount of land dedicated to agriculture is neither desirable nor feasible.  Instead we need 

to think about how we can establish and sustain healthy soil, healthy people and healthy eco-

systems.  A healthy human population, which includes food and nutritional security, starts from 

the soil. In creating a healthy soil, it is necessary to consider how Integrated Soil Fertility 

Management (ISFM) can increase crop health and yields for human benefit.  At the same time, 

managing a healthy ecosystem puts soil in a wider context of managing land and supporting 

farmers to make improved land use decisions. 

A healthy soil, sometimes called a quality soil is described as having favourable physical, 

chemical and biological functions. Some farmers describe the health of the soil as “the power 
of the soil”.  The concept is similar with animals.  If a cow is healthy and fertile, it will produce 
many calves.  The same applies to the soil.  A healthy and fertile soil with a good soil structure 

and a rich base of nutrients with adequate water and energy from light and heat will produce 

good crops and high yields (Figure 1).  

Soils form a living system in which the activities of soil organisms create and enhance soil 

health and enhance productive capacity.  A healthy soil has:  

Good soil structure.  This means the soil is soft and its particles are well structured, providing 

favourable conditions for plant roots to grow.  A good structure also provides air to the roots 

and helps them to extract nutrients and water from the soil. 

Rich base of nutrients.  This means that all the different nutrients which plants need for good 

growth are available in the soil. 

Soil micro-organisms.  These carry out the biological processes in the creation of healthy 

soil, through symbiotic relationships between plant root systems, soil nutrients and soil micro-

organisms (Chaparro et al, 2012).  Functions undertaken by micro-organisms include 

decomposition of organic matter, mineralization (or breakdown of soil nutrients), special 
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chemical changes (such as nitrification), aggregation thus improving soil structure, antibiotic 

production deterring pathogens, nitrogen fixing and toxin breakdown.  

Figure 1:  Ingredients required for a healthy crop 

 

Soil is made of rock or mineral particles, organic matter, air and water.  Between 2-5% is 

organic matter, inhabited by millions of living organisms that break down organic compounds 

and make them available to the plant.  The rest of the solid matter comprises rock or mineral 

particles.  The texture of the soil is determined by the type and size of mineral particles, ranging 

from clay at the smaller end to silt and sand at the largest. The mineral particle size determines 

the amount of space around each particle. Clay particles are small and tightly packed meaning 

that clay soils will hold water and nutrients but may suffer from poor drainage and a lack of air 

needed by plant roots.  Conversely, sand particles have pockets of space around them 

meaning that sandy soils have better aeration and drainage but tend to dry out and for nutrients 

to be leached.   

When a soil is compacted, soil organisms and root growth are restricted, because there is little 

movement of air and water; hence they are less productive. Healthy soils have a mixture of 

small and large particles that enable water drainage and storage, particularly important in 

semi-arid and arid areas.   

The three characteristics or components of soil health are: physical, chemical and biological. 

Soil health refers to the capacity of the soil to perform agronomic and environmental functions. 

Healthy soils have favourable physical, chemical and biological properties that promote plant 

health and maintain environmental quality. A healthy soil is ‘fit for purpose’. This means, it is 
easy to work, friable, holds water and nutrients well and is free draining. It allows for abundant, 

healthy root growth and good crop establishment.  

Physical soil health. This refers to the friability and hardness of the soil. A physically healthy 

soil does not have hard pans or hard setting surfaces. It holds water well, drains well and does 
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not restrict root growth. Physical health can be assessed in the field by measuring, soil texture, 

bulk density, soil structure (aggregate stability and porosity), water-holding capacity, infiltration 

rate, depth to hardpan and depth to water table in the field or laboratory. 

Chemical soil health. This means that nutrients are in balance and available to the crop, the 

acidity / alkalinity (pH) is in the desired range and there are no problems with salinity or 

sodicity.  Healthy soils have an optimal amount of nutrients, so that crop growth and yields are 

maximised on a resilient and sustainable basis (Conway, 2012).  The primary nutrients 

required are nitrogen, phosphorus and potassium, with micro-nutrients also being essential 

for crop growth.  These include zinc, copper, iron, chloride, manganese and molybdenum.  

Chemical soil health can be measured by conducting a soil test mainly Cat-ion exchange 

capacity (CEC), pH, plant available nutrient and electrical conductivity (EC). 

Biological soil health. This refers to soil life. A healthy soil has more soil organisms than an 

unhealthy soil of the same type. Crop residues break down easily and the chemical and 

physical health is better. Biological health can be assessed in the field by checking for 

organisms and comparing the smell and feel of the soil. A high organic matter or carbon 

content for your soil type usually means a healthy soil. 

Healthy soils lead to healthy crops, and we can maximise health benefits and sustainable 

intensification by carefully choosing the types of crops grown including legumes, fruit and 

vegetables.  This will help people achieve a well-balanced diet.  At the same time, it is 

important to understand that agricultural production systems interact in many ways from field 

to farm, and from farm to landscape.  How we sustain soil health, human health and food 

security and healthy eco-systems are some of the most important development questions we 

need to answer.  A healthy soil is a fertile soil and one of the most important foundations where 

we should start.  

1.2 MAJOR SOIL FERTILITY PROBLEMS IN ETHIOPIA 

Ethiopia faces a wider set of issues in soil fertility beyond chemical fertilizer use, which has 

historically been a major focus for extension workers, researchers, policymakers and donors. 

If left unchecked, this wider set of issues concerning soil health will limit future output and 

growth in agriculture across the country and in some areas, they already limit the effectiveness 

of chemical fertilizer. These chemical, physical and biological issues interact and mainly 

include topsoil erosion, organic matter depletion and acidity. 

Topsoil erosion: This leads to reduced soil water-holding capacity (making it more 

susceptible to extreme conditions such as drought) and limited crop emergence, growth, yield, 

and rooting depth. These in turn contribute to a vicious cycle of increased rate of loss of 

organic matter. 

According to Hurni (1993), average soil loss by erosion on cultivated land in Ethiopia was 

42 tonnes per hectare per year. Such soil loss through water erosion is always accompanied 
by losses of essential soil nutrients. Erosion is selective for fine soil particles, which are 

relatively richer in soil nutrients. In line with this, Stoorvogel and Smaling (1990) and UNDP 

(2002) reports showed that compared to rates in sub-Saharan Africa, Ethiopia has the highest 

soil nutrient outflow rates of 60 kg ha−1 (30 kg ha−1 nitrogen and 15–20 kg ha−1 phosphorous), 

while inflows from fertilizers are very low (<10 kg ha−1). In the long term, such soil nutrient 

losses by erosion adversely affect soil productivity of the source areas.  
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Soil organic matter depletion: Soil organic matter (SOM) is the organic fraction of a soil. It 

consists of plant or animal tissue in various stages of breakdown or decomposition. Most soils 

contain 2-10 percent organic matter.  

Soil organic matter plays a critical role in maintaining the fertility of the soil by increasing water 

holding capacity, reducing surface crusting, increasing cat-ion exchange capacity and acting 

as a buffer against pH changes in the soil (Pieri 1989, Breman 1998, Powell and Unger 1997). 

However, organic materials necessary for maintaining soil organic matter are often not 

available in ample supply, and are often used for competing purposes, such as building 

material, animal feed, or fuel. Organic inputs can be attractive sources of nutrients in the sense 

that they are usually produced locally, and it may be less costly to apply than manufactured 

fertilizer. 

Soil organic matter depletion is a widespread problem in Ethiopia. Investigation made by 

Zeleke et al. (2010) indicates that many soils of the different areas of the country are rated 

low, concerning their organic matter content. Depletion of soil organic matter is driven by 

competing uses for crop residues and manure as livestock feed and fuel. Burning of dung cake 

and crop residues is common due to a lack of widely available and affordable fuel wood. Dung 

cake has been reported to account for about 50 percent of households’ fuel supply, particularly 
in the north and central highland cereal zones, and in some areas, manure is used as a source 

of supplementary cash income. Zinash and Seyoum (1989) reported that 63 percent of cereal 

straws were used for feed, 20 percent for fuel, 10 percent for construction, and 7 percent for 

bedding. 

Soil Acidity: When soil pH is lower than optimal (5.5 and below), it can be described as acidic.  

In this case, the solubility of nutrients needed for growth is reduced leading to deficiency in N, 

P, K, Mg, Ca and Mo. These conditions also usually lead to Al and Mn toxicity. This has 

multiple implications for plant growth and other soil fertility issues, such as lack of or reduced 

response to Ammonium Phosphate and Urea fertilizers, stunted root and plant growth due to 

nutrient deficiency, increased incidence of disease, and toxicity, such as for Mn, causing black 

spots and streaks on leaves).  Crop yields are frequently reduced by 50 percent and even to 

total crop failure.  

The cause of soil acidity could be the type of parent materials from which the soil is formed, 

leaching of base forming cations, continuous use of acid forming fertilizers such as Urea and 

DAP (Cook, 1982). Soil acidity is further aggravated by leaching and continuous removal of 

basic cations through crop harvest.  According to Schlede (1989), over 40% of Ethiopia’s soils 
are affected by acidity, with 28 percent being moderately to weakly acidic (pH of 5.5 - 6.7); 13 

percent being strongly to moderately acidic (pH < 5.5) and nearly one-third having aluminium 

toxicity problems (Schlede, H., 1989). Areas well-known to be severely affected by soil acidity 

include Ghimbi, Nedjo, Hossana, Sodo, Chencha, Hagere-Mariam, Endibir and Awi Zone of 

the Amhara regional state (MoARD and MoFED 2007).  

1.3 THE ESSENTIAL ROLE OF SOIL ORGANIC MATTER IN MAINTAINING SOIL HEALTH 

Soil organic matter is the fraction of the soil that includes plant and animal residues at various 

stages of decomposition; plant roots; cells and tissues of soil organisms; and substances 

synthesized by the soil population. Fresh or undecomposed plant materials such as litter and 

straw and animal dung lying on the soil surface are not included in this definition although 

upon decomposition, these will eventually become part of the soil organic matter. 
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Organic matter is largely made up of the elements carbon, hydrogen, oxygen, and nitrogen, 

phosphorus and sulphur. It is expressed as a percentage of the soil mass that is less than two 

mm in diameter. Soil organic matter is a dynamic mixture that reflects the balance between 

additions of new organic matter and losses of organic matter already in the soil. It exists in 

various forms, which differ in their biodegradability or resistance to decomposition and are 

generally divided into three pools: active, intermediate or slow, and recalcitrant or resistant. 

The active pool includes microbial biomass and labile organic compounds that make up less 

than five percent of the soil organic carbon. The slow pool usually makes up 20 to 40 percent. 

These three pools have different rates of turnover. The active pool ranges from months to 

years, the slow pool in decades, and the recalcitrant pool in hundreds to thousands of years. 

The active and part of the intermediate pools are involved in nutrient supply and in the binding 

of small soil particles together to form larger structural units called aggregates. Aggregation is 

important for water infiltration, aeration and drainage, and reduces the soil’s susceptibility to 
erosion. On the other hand, the recalcitrant pool or humus possesses a large quantity of 

negative charges and contributes largely to the nutrient holding capacity (cation exchange 

capacity) of the soil. It also imparts a dark colour to topsoil. 

The biggest difference between soil and rock is the presence of organic matter and the 

associated biological activity that takes place in the former. Soil organic matter is at the heart 

of healthy and productive soils. Although organic matter typically makes up a small percentage 

of most mineral soils (less than 10 percent by weight), it is especially important because it 

positively influences or modifies the effects of almost all soil properties. Understanding the 

role of organic matter in maintaining a healthy soil is essential to ensure a high level of 

productivity and to minimize the negative environmental impacts of farming activities. 

Organic matter serves several functions, the most important of which are as a soil conditioner 

and as a source of plant nutrients. Organic matter adds body to sandy soils and increases its 

moisture and nutrient-holding capacity. It promotes granulation in clayey soils which helps in 

plant root penetration and entry of water and air into the soil. It makes cultivation easier, 

resulting in better seedbeds and reduced surface crusting that can adversely affect the 

emergence of seedlings. The functions of soil organic matter are broadly categorized into 

biological, physical and chemical but they overlap and interact with each other. 

Biological functions: Organic matter is a food and energy source for soil organisms and a 

source of plant nutrients. Organic matter decomposition is a microbiological process which 

releases inorganic forms of nutrients including nitrogen (N), phosphorus and sulphur, which 

slowly become available for plant use. The humus which develops as an intermediate product 

of this decomposition also acts as a store for nutrients. Soil organic carbon is generally highly 

correlated with total N. Therefore, the amount of N mineralization, conversion of organic N 

compounds to ammonium N, increases as soil organic carbon increases. 

Organic matter also provides active absorption sites for the deactivation of organic chemicals 

such as pesticides, particularly herbicides. Micro-organisms associated with soil organic 

matter may also rapidly decompose soil-applied organic chemicals. 

Adding organic matter to the soil contributes a certain level of carbon from the atmosphere. 

This is currently an active area of research by scientists concerned with increasing the carbon 

content of soils to mitigate the adverse effects of climate change and to potentially utilize it in 

emission trading schemes. 
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Physical functions: One of the major effects of organic matter is improvement of soil 

structure. Plant roots, earthworms, bacteria, fungi and other micro-organisms release organic 

compounds which help bind soil particles together to produce stable aggregates. This 

improves aeration and increases permeability which in turn makes the soil less susceptible to 

erosion. Stable aggregates also resist compaction caused by ploughing and animal traffic. 

Organic substances have been shown to hold up to five times their own weight of water. This 

contributes to improving the available water-holding capacity of soil, making growing plants 

less prone to short-term droughts. 

Chemical functions: Organic matter possesses a high surface area and contains lots of 

negative charges. These negative charges contribute to the nutrient retention capacity of soils 

by attracting positively charged ions (cations) in soil such as calcium, magnesium, potassium, 

ammonium, etc. These would otherwise leach and be lost from the soil profile. It should be 

noted that negatively charged ions (anions) such as nitrate and sulphate are not held by the 

negative charges of organic matter and are therefore still subject to leaching loss. 

Organic matter acts as a chemical buffer by resisting rapid change in pH. This mechanism 

delays soil acidification particularly in soils subjected to long-term fertilization with urea and 

ammonium-containing fertilizers However it may be necessary to apply larger quantities of 

liming material to raise the pH of an already acidic soil to a desirable level. 

The concepts, principles and details of each practice and technology are presented in the 

modules which follow. Scaling out involves creating adaptive models of each set of practices 

that will serve as demonstrations for learning and practical advice through the establishment 

of focal points for farmers, farmer organisations, communities and local government that 

encourage adoption and further adaptation.  In doing so it is essential that both biophysical 

and socio-economic challenges are understood and addressed. This includes measures that 

both that address long term trends and protect against future shocks. 
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MODULE 2: INTEGRATED SOIL FERTILITY 

MANAGEMENT 

2.1 CONCEPT AND PRINCIPLES 

Integrated soil fertility management (ISFM) represents a set of soil fertility management 

practices that includes both the use of inorganic fertilisers and organic inputs as well as 

improved germplasm or seed. These need to be combined with the knowledge of how to adapt 

these practices to local conditions aimed at maximising agronomic use efficiency of the 

nutrients as well as improving crop productivity. Inputs need to be managed following sound 

agronomic principles (Vanlauwe et al, 2014). This involves the use of carefully calculated 

combinations of inorganic and organic fertilisers in association with complementary agronomic 

practices including tillage, rotation and crop sequencing, as well as soil and moisture 

conservation.  

The flow of nutrients, organic matter and manures around a farm represents a system of 

nutrient cycling and recycling (Figure 2). Inorganic nutrients can be purchased and, 

increasingly, it is possible to access organic nutrients outside the farm. The objective of ISFM 

is to utilize both the available organic and inorganic sources of nutrients in a judicious and 

efficient manner. Optimal nutrient cycling is essential, the aim being to create a tight system 

that synchronizes the release of nutrients by the soil with the demands of the crop. At the 

same time, ISFM seeks to minimize nutrient losses that occur due to volatilization, soil erosion 

and runoff, leaching, burning, and immobilization within the soil.  

Figure 2:  Typical flow of nutrients, organic matter and manure around the farm 
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In natural ecosystems nutrients continually recycle. For instance, those collected from the soil 

by the roots of plants, contribute to the growth of stems, leaves and fruits and when the plants 

die, they are returned to the soil as the vegetation rots. Similar recycling also supports animal 

populations. Nutrients such as nitrogen are ingested as the animal graze and are partly 

returned as manure and urine, and partly returned when the animal dies and decomposes. As 

all farmers recognise, when plants are harvested and animals are kept for milk and meat, the 

process of harvesting removes nutrients from the ecosystem.  While some soils are naturally 

richer in nutrients than others and can be mined, at least for a while, eventually the soils lose 

nutrients, which must be replaced. Without nutrient replacement there can be no agricultural 

sustainability (Conway, 2012).   

A key aspect of ISFM is the maintenance of or an increase in soil organic matter. Organic 

nutrient sources include legumes, leguminous green manure cover crops, crop residues, 

mulches, manure and urine, composts and household waste, all of which have been discussed 

in earlier sections. In an intensive cropping system, recycling and reusing nutrients from 

organic sources may be insufficient to sustain high crop yields. In these situations, nutrients 

removed from the soil, through harvested biomass, must be replenished from external 

sources. Thus, the use of adequate inorganic fertilisers is essential to maintain soil fertility. 

ISFM is therefore an important strategy for enhancing soil nutrients through the combined use 

of both organic and inorganic fertilisers. At the same time other crop management practices 

including tillage, rotations and moisture conservation practices play an important role in ISFM. 

It is also important that improved crop varieties are used to obtain increased yields. 

While chemical fertilisers can release nutrients immediately for plant uptake, organic fertilisers 

play a more important role for improving soil water retention and soil structure. In addition, 

organic fertilisers release nutrients slowly during the growing stages of a crop. Well-managed 

organic manures are often rich in Nitrogen, but deficient in Phosphate. Hence there is a need 

to add mineral phosphate fertiliser in appropriate amounts when organic manures are primarily 

used. 

Organic fertilisers, made at or near the farm and generated from natural resources, are usually 

inexpensive in cash terms. They can significantly increase yields especially on poor soils and 

in some cases give better yields than inorganic fertilisers. In most situations they are good 

partial replacements. Their main disadvantage is a high labour demand for their creation. 

Unfortunately, arguments about fertiliser are often strongly polarised. On the one hand, some 

people claim that the only way to increase yields is to use large quantities of inorganic fertiliser 

and that promotion of the use of organic fertilisers will condemn many poor farmers to 

continuing low yields. Opponents of this view regard inorganic fertilisers as harmful and can 

trap farmers in high cost production systems. Although there is some truth in both arguments, 

exclusive use of inorganic fertiliser is often associated with long term yield decline. Where 

labour or locally available biomass is a constraint, use of organic fertilisers may be insufficient 

to produce high yields and putting organic matter back into the soil is a high priority. In this 

situation, targeted minimal use of inorganic fertiliser will be necessary to obtain high yields. 

The approach lies in ISFM, assessing each situation in agronomic, socio-economic and 

ecological terms to determine the appropriate mix of nutrients (Conway 2012).  

Clearly there is a need to increase the production of biomass to produce organic manure.  

Although inorganic fertiliser can be purchased, organic compost or manure needs to be 

produced on farm. It should however be noted that in some areas, local markets for organic 
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wastes are developing. These include waste products from agro-processing industries, which 

can be used for manure and compost production.  

The integration of different technologies and practices acceptable to and profitable for farmers 

is the basis of ISFM. Only if several component technologies are used simultaneously will 

farmers achieve the required magnitude of changes for sustainable farming. Examples include 

increasing biomass production, using earthworms to convert poor quality biomass into high 

quality compost or producing additional biomass to increase livestock productivity and manure 

production. This requires that manure and urine need to be collected and stored and then 

applied effectively. 

2.2 A NUTRIENT BUDGET CALCULATION 

Undertaking a nutrient budget calculation is an agronomic assessment of the nutrients 

required for any crop. An example based on a small farm growing one hectare of a high 

yielding maize cultivar is shown. In this example the farmer has available, one 50 kg bag of 

Formula 5 and another of urea, as well as three tonnes of FYM in his backyard. Formula 5 is 

an inorganic blended fertiliser, currently produced in Ethiopia and recommended for many 

crops in the country.  It contains N, P, K, S, Zn, and B.  Urea, also an inorganic fertiliser 

contains Ammonium Nitrate (46% N).  The FYM contains N, P and K.  All this is to be applied 

to one ha of maize, the FYM before planting, the Formula 5 at planting and the urea as 

topdressing when the maize is knee-high.  

Nutrients applied: 100 kg or one quintal of Formula 5 is blended to contain 13 kg of N, 26.1 

kg of P2O5, 13.7 kg of K2O, 5.6 kg of S, 1.7 kg of Zn and 0.5 kg of B. This is equivalent to 

13 kg of N, 11.48 kg of P, 11.37 kg of K, 5.6 kg of S, 1.7 kg of Zn and 0.5 Kg of B in each 50 

kg bag.  50 kg of urea contains 23 kg of N.  

Therefore 50 kg of Formula 5 and 50 kg of Urea provides the following nutrients:  

• Formula 5:  6.5 kg of N (13% x 50), 5.7 kg of P (26% x 50 x 0.44), 5.7 kg of K 
(13.7% x 50), 2.8 kg of S (5.6% x 50), 0.85 kg of Zn and 0.25 kg of B (0.5% x 50).  

• Urea:  23 kg of N (46% x 50).  

Analysis of a sample of the FYM shows that the manure contains 0.8% N, 0.2% P and 0.6% 

K. Thus, the three tonnes of FYM used contains 24 kg N, 6 kg P and 18 kg K. 

The total nutrients added to the soil are the sum of the organic and inorganic fertilisers applied 

before, at and after planting. Thus, the amount of each nutrient applied as calculated above 

is:  

• N (6.5 + 23 + 24) totalling 53.5 kg per hectare.  

• P (7.5 + 6) totalling 13.5 kg P per hectare. 

• K (5.7+18) totalling 3.7 kg of K per hectare. 

Nutrient losses from volatilisation and leaching: Although most of the nutrients added to 

the soil are taken up by plants, some are lost through volatilisation, leaching and/or erosion 

and some are retained in the soil. Therefore, not all the nutrients can be recovered by the 

crop. Losses can be estimated as follows, based on a few assumptions. 

• Volatilization: Out of the 23 kg of N added through the urea, 25% is lost through 

volatilization that is a loss of 5.75 kg.  
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• Leaching:  About 10% of the K added is lost through leaching, thus a loss of 2.37 kg. 

• Erosion:  Loss of P through erosion is considered negligible since the farm has well-

maintained terraces. 

After accounting for these losses, the remaining nutrients available to the plant for the one 

hectare of maize are: 47.75 kg of N, 13.5 kg of P, and 21.33 kg of K. 

Nutrient removal with the maize harvest:  Harvesting maize grain removes nutrients from 

the farm. Farmers also often remove maize stover for feeding to livestock. One tonne of grain 

and stover contains 24 kg of N, 4 kg of P and 23 kg of K per ha. Assuming that 4.5 tonnes per 

hectare of maize grain and stover are harvested, this would remove 108 kg N, 18 kg P and 

103.5 kg of K from the farm. Deducting the lost nutrients from those added would leave a 

negative balance. The results summarized in Table 1, show that there is a net loss of N, P and 

K. Therefore, the system requires replenishment of the lost nutrients; otherwise the farm’s 
production will decline.  

Table 1: Nutrient budget calculation (kg per hectare) 

Nutrient Amount added Estimated 
nutrient 
losses 

Material 
removed: 

grain & stover 

Total 
used & 

lost 

Net 
balance 

Formula 
5 

FYM Urea Tota
l 

N 6.5 24 23 53.5 5.75 108.0 113.75 -60.25 

P 7.5 6 - 13.5 - 18.0 18.0 -4.5 

K 5.7 18 - 23.7 2.37 103.5 105.85 -79.80 

Hence, the farmer should look for and plan for an additional supply, especially for Potassium 

and Nitrogen. Alternatives to be considered include the use of crop residues, green manures, 

intercrops with legumes, agro-forestry, biomass transfer from elsewhere on the farm, compost 

preparation and use.  

This example of a nutrient budget emphasizes the importance of both organic and inorganic 

fertiliser for increased food production. The fertility of some soils can be maintained if good-

quality organic fertilisers are available in sufficient quantities, but many soils need the addition 

of inorganic fertilisers, and sometimes lime to correct the pH to maintain high yields. Farmers 

relying solely on organic fertilisers face the problem of scarcity of organic materials as well as 

the variable quality of purchased fertiliser, depending on the source and the way the materials 

are handled.  

2.3 SELECTING APPROPRIATE ISFM TECHNOLOGIES 

There have been decades of research on soils and experience, which demonstrate that 

blanket solutions are often not appropriate. The high variability of soils and rainfall means that 

soils respond to inputs in different ways with distinct variations in input responsiveness. An 

important lesson is that a highly context-specific approach is required that considers not only 

the fertility status of the soil and the availability of organic inputs but also the farmer’s ability 
to access and pay for inputs.  

Since there are alternative ISFM practices for managing soil, nutrients and water, these should 

not only respond to a soil nutrient budget deficit, but also take into account household income, 



 

12 

 

labour, and asset ownership (such as livestock, carts and tools), as well as topography, agro-

ecology and other farm management priorities. Selected ISFM practices are therefore likely to 

be site specific and need to be profitable. They are likely to involve both organic and inorganic 

sources of nutrients and use application techniques that maximise plant uptake and 

differentiate between different soil types. Mineral fertilisers can be applied in micro-doses with 

teaspoons or bottle-tops with application rates often varying within a single field. Use and 

profitability will depend on the availability of input and output markets and the value of farm 

inputs and products.  

In many cases, smallholder farmers already use local adapted integrated approaches to soil 

management. They may combine purchased fertilisers with manure, with household waste 

and compost. Learning from these traditional practices will be an important component of 

improving ISFM.  

Given resource constraints of fertility inputs, labour and cash, maximising the agro-economic 

efficiency of input use must be a critical objective of an ISFM strategy.  This is likely to vary 

within regions, across countries and landscapes, and even between villages and individual 

fields. Hence, it is important to consider both the socio-economic and biophysical context 

(Figure 3) in helping farmers to select the measures that best fit their individual circumstances 

(Scoones, 2014). This will ensure that resources are not wasted, and much needed production 

boosts will not only be economically viable but also be suitable for the environment for which 

they are being considered. This ensures that agroecological approach can be adopted.  

Four possible scenarios are illustrated in Figure 3 and Table 2 and further addressed showing 

possible use of organic and inorganic fertiliser.  The scenarios are: 

i) High returns - high potential. On good soils, where socio-economic constraints are 

less important, then an ISFM focus on inorganic fertiliser use make sense. This is 

especially the case, where soils are highly responsive to external input of inorganic 

fertilisers, where they have already high levels of organic matter, and where returns 

to inputs are significant and perhaps the main factor constraining production. 

However, this does not mean that there should be blanket recommendations. Other 

efficiency measures, such as micro-dosing or careful placement are also important. 

Equally it does not mean that investing in building up organic material is not required. 

The responsiveness of the soils and the returns to investment in inorganic fertiliser will 

depend on the organic matter being maintained and not mined. 

ii) High returns - low potential.  On poor soils where socio-economic constraints are 

also less important, then ISFM should focus on a mixed strategy of organic and 

inorganic fertiliser use, the mix being dependent on existing soil organic matter levels.  

iii) Poor returns - high potential. On good soils where there are likely to be poor returns 

due to socio-economic constraints, organic ISFM options are most appropriate, 

although efficient application of inorganic fertiliser, such as micro-dosing could still 

play a role. 

iv) Poor returns - low potential.  In situations where soils are least responsive, due to 

low organic matter, poor rainfall or a combination of both and where returns to inputs 

are low, due to high input prices, low prices of farm products resulting from poor market 

and transport linkages, an integrated and long-term ISFM strategy is essential using 

a combination of technologies to build organic matter. 
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Figure 3: Socio-economic and bio-physical context of soil fertility management 
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High returns 

land tenure, 

market and 

other 

production 

constraints 

less 

important 

 

(ii) Mixed strategy 

Organic and inorganic 

(i) Application of inorganic 

fertilisers appropriate 

Market based but including 

organic 

 

Poor returns 

 due to high 

input prices, 

low prices of 

farm 

products with 

poor market 

and transport 

linkages 

 

(iv) Low external input 

options 

Mostly organic 

 

(iii) Efficient application 

critical  

Market assisted 

(such as micro dosing) 

 

 

Low potential 
Low organic matter, low 

rainfall 

High potential 
High organic matter, high 

rainfall 

Biophysical context 

Inherent soil fertility and potential 

 

Source:  Adapted from Scoones, 2014 
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Table 2: Key socio-economic and biophysical contexts affecting ISFM approaches 

Socio-

economic and 

biophysical 

context 

(i) 

High returns 

High potential 

(ii) 

High returns 

Low potential 

(iii) 

Poor returns 

High potential 

(iv) 

Poor returns 

Low potential 

Market 

conditions 

Few constraints Few constraints Many constraints Many constraints 

ISFM strategies Use of inorganic 

fertilisers 

appropriate, whilst 

maintaining SOM 

Mixed strategy of 

inorganic and 

organic fertiliser 

essential to build 

SOM 

Efficient 

application of 

inorganic 

fertiliser critical 

whilst 

maintaining 

SOM 

Low external input 

options, mostly 

organic fertilisers 

to build SOM 

 

2.5 SOCIO-ECONOMIC AND BIO-PHYSICAL CHALLENGES 

In considering the possible ISFM strategies, the key socio-economic and biophysical 

challenges are summarised in Table 3 and expanded in the sections which follow.  

Table 3: Key contextual challenges  

Socio-economic challenges Biophysical challenges 

Availability and affordability of inorganic 

fertilisers  

High variability of soils in any one area, 

precluding blanket recommendations 

Other constraints to fertiliser use including poor 

infrastructure, inappropriate packaging and 

blending, adulteration etc. 

Variation in soil fertility of different land types 

due to past management, for example home 

gardens vs field crop sites  

High labour requirements for many organic 

fertiliser options 

Possible soil micro-nutrient deficiencies and soil 

acidity 

The need to control free grazing Increased drought and variation in rainfall 

patterns due to climate change 

Different priorities within the household, for 

example how limited biomass should be used, 

women may give priority to home gardens and 

men field crop sites  

Limited availability of biomass 

Different perceptions of soils by farmers and 

scientists  

Conflicting demands for crop residues between 

livestock feed and mulching  

Space and time required for long term 

rehabilitation of badly degraded soils, for 

example the use of fallows 

Socio-economic differentiation of households A need for increased crop-livestock integration 
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Socio-economic challenges include: 

• The price of inorganic fertiliser is key in determining both affordability and 

profitability and hence the relative balance of different ISFM options. If inorganic 

fertiliser prices increase, this will shift the context shown in Figure 2 upwards. If 

prices decrease in the longer term due to reduced oil prices, investment in fertiliser 

manufacturing and packaging may increase and fertiliser prices decline.  The 

opposite is also true.   

• Other constraints to fertiliser use include poor supply infrastructure, inappropriate 

bag sizes, inappropriate blend/mixes, poor labelling, adulteration, lack of enforceable 

regulatory systems, and low agronomic efficiency especially when organic matter is 

depleted. 

• Limitations in organic soil fertility options may exist, particularly in already 

nutrient-poor soils. Rotations, manuring, composting and other “sustainable 
agriculture” and “low external input” techniques often require considerable labour and 
skill inputs, as well as large volumes of biomass. 

• The control of free grazing and the use of ‘cut and carry’ or “zero grazing” systems 
has a major role to play in increasing system productivity. This can help in reducing 

land degradation through overgrazing and allow for the collection of animal manure 

and urine. 

• Household socio-economic differentiation is important. Different ISFM strategies 

will be appropriate for different households, depending on their own socio-economic 

context. This can give rise to intra-household differences over where valued inputs, 

labour, manure, compost, fertiliser, are placed reflecting a gender-differentiation in 

ISFM. This is important for targeting within ISFM programmes, for example 

differentiation between households with different levels of market access. In some 

areas and for some household’s simple market mechanisms, perhaps supporting the 

growth of agro-dealer networks, may work well. In other areas, focused “smart 
subsidies” may result in increased farm output leading to more investment in soil 
fertility inputs. For poorer households, broader-based support may be needed, 

focusing on providing a social safety net. Experience and much current practice, has 

not considered this differentiation, opting instead for an easier blanket approach that 

cannot be implemented my many households. 

Biophysical challenges include: 

• The high variability of Ethiopian soils means that they respond to inputs in 

different ways. For example, crops on poor sandy soils, with a low clay/soil organic 

matter content, respond poorly to mineral fertiliser applications. This means that 

inorganic fertiliser alone may be inappropriate in many areas unless complementary 

organic measures are also taken. 

• Variations in the responsiveness of soils can vary dramatically within a farm and 

field and even part of a field.  ISFM strategies need to be geared to this micro-scale. 

For instance, micro-dosing with inorganic fertilisers, complemented by organic 

fertiliser applications, can allow a fine-tuned approach at these micro scales 

• The limited availability of biomass remains a key constraint for the wider adoption 

of ISFM. With both land and labour often being scarce, increasing crop yields, both 
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grain and residues is required.  This necessitates increased use of new varieties, 

improved crop management together with judicious use of newly developed blended 

fertiliser. 

• Distinct variations in input responsiveness across different land types can 

often be seen.  For instance, home gardens are likely to respond better to inorganic 

fertilisers than field cropping areas as soil organic matter has built up over time. This 

means that application of inorganic fertiliser makes sense in some parts of farms, but 

not on others. 

• Micro-nutrient deficiencies, such as Zn, B, Mn or Cu, may be as important as N, P, 

and K. In such situations getting the right composition, based on local soil testing and 

blend management, is likely to result in major increases in production. It is for this 

reason that the newly developed blended fertilisers are an important component of 

ISFM strategies in Ethiopia. 

• Climate change. Reducing rainfall and temperature patterns is especially significant. 

A drier climate with more variable rainfall patterns and hotter temperatures (as 

predicted for significant areas of Africa) may make the application of inorganic 

fertilisers less attractive. In some areas the opposite may happen. This uncertainty 

about the long-term dynamics of climate change will affect the planning for ISFM 

programmes. Measures which improve resilience will be important. This includes CA, 

mulching and cover crops, provided labour is available and the costs are not too 

high. Close integration of crops with livestock production will have major benefits for 

soil fertility management. 

• The need for increased crop-livestock integration, where livestock can play a vital 

role in converting poor quality biomass into high quality manure. 

• Conservation agriculture approaches can work, but may reduce the availability of 

crop residues, which are often a critical source of fodder in mixed crop-livestock 

systems. Problems of weed control may also have to be overcome. Hence CA may 

be too labour intensive to apply beyond a small area.  

• Improved fallowing remains an important strategy for long-term soil restoration in 

places where land pressures are not intense. Improved fallows, using legumes and 

trees have been shown to have positive impacts. However, such approaches take 

time and often require extensive land areas. 

• Cultural dimensions of soil fertility. Farmers may not see soils the same way as 

soil scientists. Their understanding of soils is likely to consider the wider health of 

soil-plant systems. Hence it is always important to involve farmers in identifying 

opportunities for soil fertility improvement themselves. Their local knowledge and 

experiences from past soil fertility interventions will be important in developing future 

ISFM strategies. 

In conclusion: Both socio-economic and biophysical challenges need addressing in any 

ISFM strategy. This includes measures to protect against future shocks and long-term 

trends. This means that larger-scale ISFM initiatives need to be able to respond to scale 

variations and be flexible in their design and approach. Also, they need to be supported with 

participatory approaches building on farmers’ knowledge and incorporating effective soil 
diagnostic, testing and mapping approaches. Diversity and flexibility in design are keys for 

achieving long-term resilience and sustainable development.  
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MODULE 3: CONSERVATION AGRICULTURE 

3.1 CONCEPTS AND PRINCIPLES OF CONSERVATION AGRICULTURE  

Various improvements in the care and management of soils have become increasingly 

widespread with the adoption of appropriate forms of minimum or no-till farming systems, now 

known worldwide as Conservation Agriculture (CA). CA is characterized by three linked 

principles (FAO, 2017), namely: 

• Continuous minimal or preferably no mechanical soil disturbance by seeding 

directly into untilled soil to maintain soil porosity and minimise loss of soil organic 

matter. 

• Permanent permeable ground cover comprised of crop residues to protect the 

surface of the soil from the extremes of rain-impact and temperature but also acting as 

a nutrient and energy source for soil inhabiting organisms. 

• Diversification of the cropping systems through rotations, sequences or 

associations of crops, which minimise the effects and spread of disease organisms, 

both above and below the soil surface. 

CA is a soil management system that is gaining ground worldwide including Ethiopia. FAO, 

(2017) indicates that CA principles are universally applicable across agricultural landscapes 

and land uses through locally adapted practices. Also, CA can enhance biodiversity and 

natural biological processes above and below the ground surface. Soil interventions such as 

mechanical soil disturbance can be reduced to a minimum or avoided, and external inputs 

such as agrochemicals and plant nutrients of mineral or organic origin can be applied optimally 

and in ways and quantities that do not interfere with, or disrupt, the biological processes. At 

the same time CA can facilitate good agronomy, such as timely operations, improving overall 

land husbandry. Complemented by other known good practices, including the use of quality 

seeds, and integrated pest, nutrient, weed and water management, CA can be a base for 

sustainable agricultural production intensification.  It is presently estimated that over 11% of 

the world’s cropped land is under CA (Friedrich et al, 2012).  

With these benefits, CA has been increasingly promoted often dominating debates on 

agricultural development policy across Africa. Over the past decade, large investments have 

been made on the promotion of CA to smallholder farmers and often such interventions have 

been hailed as a success. However, the promotion of CA in smallholder farming systems in 

sub-Saharan Africa remains controversial, reasons being that CA represents a profound 

change in farm management. Although benefits in reduced erosion and stabilized crop 

production may be obtained, for various reasons, the CA principles are not always fully 

implemented by farmers and results not as favourable as expected (Giller et al., 2009 and 

2013). Constraints include increased labour demand for weeding when soils are not ploughed. 

Few smallholder farmers have access to herbicides and crop residues are often highly valued 

for feeding to livestock rather than leaving as mulch. No-till without mulch can be disastrous, 

leading to soil capping, and extreme run-off exacerbating rather than controlling soil erosion. 

These are some of reasons that CA use across Africa, less than 1% of the arable area, is 

much less than other regions of the World.  

Notwithstanding, ISFM technologies are compatible with those embodied within CA, the major 

difference being that CA is based on no-till practices and a permanent ground cover from the 

outset.  Although these remain important, it is recognised that crop residues used as ground 



 

18 

 

cover mulch have other important uses such as livestock feed that farmers may value more 

highly especially in the early adoption of ISFM. 

3.2  MINIMUM OR ZERO TILLAGE 

CA aims to reduce the amount of soil disturbance by tillage to a minimum or preferably zero 

level and maximise the use of crop residues as a mulch to protect the soil from erosion as well 

as improving soil structure and soil fertility. Various methods can be considered depending on 

the resources available to the farmer. These include: 

• Hand planting into residues of previous crops. 

• Opening planting lines into residues of the previous crop using a plough. 

• Planting with a ripper tyne with a seeder attachment. This could be undertaken using 

oxen or a tractor, although this requires a special seeder. It is important that planting 

lines made with the plough or ripper follow the contour to avoid soil erosion. 

The advantages and disadvantages of minimum or zero tillage are summarised in Figure 4 

and Table 4. 

Figure 4: Advantages of reduced or zero tillage with crop residue mulch for soil surface 
protection 
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Table 4: Advantages and challenges of minimum or zero tillage 

Advantages Challenges 

• Reduction of soil and moisture losses 

• Improvement in soil fertility and soil 
structure through organic matter build up 

• Reduced labour and draft animal demand 
for land preparation 

• Allows crops to be planted earlier and can 
improve yields 

• Improves infiltration and the amount of 
water held in the soil 

• Livestock competition for crop residues 

• Soil can become hard requiring tillage to 
loosen the soil 

• Increased weed growth, which can be 
controlled by judicious use of herbicides 

• May not be suitable for later planting as 
weeds are well established at time of 
sowing 

• Pests and diseases can be encouraged 
through the presence of crop residues 

Despite huge efforts to promote CA among smallholders, adoption rates in Africa have been 
modest (Corbeels et al 2014) with farmers usually adapting the three principles to their own 
conditions. For instance, reduced tillage can lead to increased weed pressure with poor market 
access and affordability often precluding the use of herbicides, whereas manual weeding 
increases the demand for human labour. Poor markets may also limit the use of legume crops 
in rotations or intercropping; combined with farmers’ heavy reliance on cereal crops for 
household food self-sufficiency, hampering introduction of legumes. Mulching may be hard to 
apply where crop residues are used as animal feed, especially where biomass is scarce. 
Farmer prioritization of short-term opportunities is not surprising where food security is a daily 
struggle.  This clashes with the longer-term benefits that CA may bring (Descheemaeker, 
2020). Clearly, smallholder farmers need good reason and motivation to adopt CA. Yield 
improvements are likely to take time and as with other approaches to increasing agricultural 
productivity, production constraints, farmers’ objectives, and the expected benefits and costs 
of implementing CA are important aspects that influence adoption. At household and 
community levels, trade-offs in the allocation of resources become important in determining 
how CA may fit into local farming systems.  

3.3  OVERCOMING THE CHALLENGES IN ADOPTING CA  

Despite the introduction of CA in many parts of the world, Africa has the lowest uptake with 
preconditions for its use often not present for smallholder farmers (Brown et al 2018). Reasons 
given are that farming systems are highly heterogeneous in terms of agroecological, socio-
economic, and cultural environments and that opportunities for CA necessarily require local 
adaptation. In view of high rates of dis-adoption of CA by farmers (Anderson and D’Souza, 
2014; Arslan et al, 2014), a fourth principle may be needed to define CA highlighting the equal 
need for improved soil fertility to increase productivity (Vanlauwe et al, 2014). 

Applying the three defining principles of CA alone is insufficient and complementary practices 
are required to make CA systems effective both in the short and longer term (Thierfelder et al. 
2018). These include appropriate nutrient management to increase productivity and biomass; 
improved stress-tolerant varieties to overcome biotic and abiotic stresses; judicious use of 
crop chemicals to surmount pest, diseases, and weed pressure; enhanced groundcover with 
alternative organic resources or diversification with green manures and agroforestry; 
increased efficiency of planting and mechanization to reduce labour, facilitate timely planting, 
and to provide farm power for seeding; as well as an enabling political environment with more 
harmonized and innovative extension approaches to streamline and foster CA promotional 
efforts.   

In fact, a large body of research has now coalesced around the need to use efficiently all the 
nutrient resources available to farmers. Hence, ISFM plays an important role in overcoming 
many of the challenges with which CA is faced, especially in the early stages while at the same 
time ensuring the benefits are retained.  
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MODULE 4: INTEGRATED CROP-LIVESOCK 

MANAGEMENT SYSTEMS 

4.1 CONCEPT AND PRINCIPLES 

Farmers in the Ethiopian Highlands have pursued forms of crop-livestock integration for many 

generations.  A variety of systems exist alongside each other with different degrees of 

integration and benefit.  These include use of manure for improving soil fertility and oxen for 

land preparation, threshing and weeding.  

Building on these traditional crop-livestock systems, incorporating rotational land use, 

introducing improved fallows, mixed cropping, improved fodder species, specific soil and water 

conservation measures in combination with agroforestry and more productive livestock 

breeds, will make traditional systems stronger and more versatile, especially when the 

improved use of area enclosures can also be included.  

Feed shortage and poor quality of available feeds are major factors that have constrained the 

livestock production sector in Ethiopia. The increasing human and livestock population has 

resulted in continuous natural resources degradation and decline in productivity. Moreover, 

drought and natural disasters like flooding have become more frequent in many parts of the 

country. Despite these constraints, livestock play a major role in the livelihood of most farmers 

in Ethiopia by providing food to the family, supporting crop production, creating employment 

opportunities, and contributing to the national economy. 

Integrated Crop Livestock Management (ICLM) systems (Figure 5 and Table 4) have the 

potential to reduce poverty and malnutrition and strengthen environmental sustainability. They 

can be both environmentally productive and sustainable, providing many opportunities for both 

recycling nutrients and sustained intensification.   

Figure 5:  Integrated Crop Livestock Management Systems 

 

ICLM systems creates synergies, making optimal use of resources with the waste products of 

one component serving as a resource for the other.  For instance, manure from livestock is 

used to improve soil fertility and increase crop production, whilst crop residues and other 

biproducts, such as grass, weeds and processing waste, can provide supplementary feed for 

animals. Grass and prunings from agroforestry trees grown on conservation bunds and 

nitrogen-fixing legumes grown in improved crop rotations, are further potential sources of 
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biomass and fodder. At the same time livestock provide traction and transport, as well as meat, 

milk and hides. 

Table 5:  Integrated Crop Livestock Management Systems 

Arable areas Grazing areas including 
area enclosures 

Livestock  

Crops provide a range of 
residues and biproducts that can 
be used by livestock 

Increased and improved 
grazing through s rotational 
grazing, leaving periods of 
recovery of the vegetation  

  

Oxen provide draft power  

Manure is provided for 
maintenance and improvement of 
soil fertility 

Introduction of forage legumes 
into crop rotations provides 
fodder for animals, which can be 
grazed in situ or conserved as 
hay or silage 

Introduction of high-value 
species, including grasses, 
multi-purpose shrubs and 
trees for increased 
biomass production 

Introduction of stall feeding 
systems, especially for dairy 
cows in higher rainfall areas, 
leading to intensification of the 
whole farming system. This often 
includes cut and carry grasses 
such as napier and fodder trees. 

Agroforestry systems such as 
hedgerows can provide biomass 
for compost or fodder for 
livestock 

Eradication or control of 
invasive species by 
selective cutting, while 
encouraging natural 
regeneration of desirable 
local species and/or 
planting new species. 

Livestock provide entry points for 
the introduction of improved 
forages into cropping systems.  
Herbaceous forages can be 
under-sown annual or perennial 
crops or trees planted as hedge 
rows in agro-forestry based 
cropping systems 

The sale of crops, livestock feed and livestock products can provide cash for the purchase of seed 
fertiliser and other inputs used in crop or livestock production 

Combining crops and livestock has many environmental benefits, maintaining soil biodiversity, 

minimising soil erosion, conserving soil moisture and making best use of crop residues. Feed 

resources provide a direct link between crops and animals with the interactions between the 

two dictating the integration of the systems. ICLM systems offer a range of solutions to nutrient 

loss through improved efficiency of nutrient recycling by better utilising manures, crop residues 

and biomass. Used in combination with increased use of purchased inputs such as seed, 

fertiliser and livestock fodder, increased production from both crops and livestock can be 

stimulated.  At the same time improved use of area enclosures can further benefit crop-

livestock integration.  

Resilience to climate variability: ICLM systems tend to be relatively well-adapted to climatic 

variability because of their diversity and flexibility – especially when soil and water 

conservation, water harvesting, and agroforestry are integrated into the system. Including 

animals in farm systems increases sustainability and reduces reliance on external inputs. It 

also facilitates increased carbon storage in the soil.  In a case from West Africa, soil receiving 

manure for five years contained more than one tonne per ha of carbon than soil receiving plant 

residues alone (Woodfine, 2009 and FAO, 2008). However, the carbon budget of crop-

livestock systems can be negatively affected by methane emitted by livestock.   
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4.2 INTEGRATED CROP-LIVESTOCK MANAGEMENT PRACTICES 

ICLM Development strategies can support, accelerate, and help integration and intensification 

of crops and livestock.  Management practices include.  

In arable areas: 

• Improving the quality of crop residues that can be fed to livestock. Farmers can 

paddock animals on arable areas or harvest, store and process the residues.  Manure 

can be used to improve soil fertility and increase production.  

• Introducing high yielding forage legumes into crop rotations.  

• Introducing dual-purpose crops that provide both food and feed. Significant advances 

have been made in the development and promotion of dual-purpose legumes and 

maize. 

 

In grazing areas: 

• Improving grazing management practices. If grazing is severely degraded due to 

overgrazing then fencing (social as well as physical) is often a first step, followed by 

a period of rest. After good regeneration and regrowth, cut-and-carry or controlled 

rotational grazing, leaving periods of recovery of the vegetation are the management 

systems that maintain the land’s condition.  
• Planting high-value species.  This includes planting grasses, multi-purpose shrubs 

and trees for increased biomass production that can be used for fodder and compost.  

• Eradicating or controlling invasive species. This involves selective cutting, while 

simultaneously encouraging natural regeneration of desirable local species. 

 

For livestock:  

• Improving the quality of manure through improved storage. 

• Producing fodder for livestock.  Sources of livestock fodder include communal grazing, 

crop residues grazed in situ or cut and carried from arable or grazing areas and fed to 

animals close to farmers’ homesteads. Other sources include cut grass, weeds, crop 
thinnings or teff plants on field borders or cut from area-enclosures (Carswell, 2002). 

This includes forages, grasses and leguminous trees.  Fodder trees or shrubs can be 

introduced into both arable and grazing areas.  This often occurs on bunds in arable 

areas. Live fences can also serve the same purpose.  Recent forage options include 

lablab (Lablab purpureus), Phalaris and Brachiaria grasses, vetch-desho (Vicia sp - 

Pennisetum pedicellatum) or tree Lucerne (Chamaecytisus palmensis) -desho grass 

intercropping, sweet lupine, alfalfa and fodder beet (Africa RISING, 2020). 

• Improving fodder harvesting and storage practices to prevent nutrient losses. 

• Introducing stall-feeding.  This has expanded significantly through the introduction 

especially in higher rainfall areas of dairy cows, leading to intensification of the whole 

farming system. This has often included cut and carry grasses such as napier and 

fodder trees.  

• Introducing hay or silage making. This allows the building of fodder reserves or fodder 

banks for the dry season from surpluses in the rainy season. Storing fodder helps 

animals to survive during dry periods without having to overgraze the land. It i also 

provides a buffer in extreme drought when market prices for animals are low. 
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• Utilising animals for field work and transport. Draft animals, both cattle and equines, 

provide farmers with power for cultivation and transport. Animals can also be used for 

water-raising, milling, logging, land-levelling and road construction. 

 

ICLM can be applied in many areas but needs to be adapted and modified to prevailing 

conditions.  Various factors influence the type and effectiveness of crop - livestock interactions, 

including socio-economic ones such as access to land, labour and capital as well as the 

biophysical ecological conditions. 

4.3 PRODUCTIVE USE OF AREA ENCLOSURES  

The term “grazing, forest or woodland” enclosure applies to any area under full or partial 
protection through implementing measures intended to mitigate human and livestock 

pressures placed on existing common property resources. The current Ethiopian enclosure 

policy was initiated in the Highland areas, and to some extent has been based on traditional 

system of land management used by farmers for many years (Carswell, 2002). Measures that 

have been introduced include: 

• Controlling water runoff and loss of land by erosion, through gully reclamation and 

control. 

• Increasing water infiltration for water conservation and more soil moisture through 

stone-wall and ditch construction. 

• Creating favourable conditions for vegetation recovery through natural 

regeneration through total exclusion of livestock and human use. 

• Developing pastoral areas for livestock fodder and providing woody biomass for 

local communities through agroforestry schemes. 

• Protecting endangered tree and wildlife species through conservation strategies. 

 

4.4 SOCIAL ARRANGEMENTS FOR CROP-LIVESTOCK INTEGRATION 

The opportunities and challenges for each practice often depend on households’ comparative 
wealth, access to resources and social status.  Alternative pathways are particularly important 

for women and other marginalised groups, who have limited access to high quality land and 

other productive resources.  

Not all individuals have equal access to livestock, so crop-livestock integration is often 

differentiated by livestock availability and social status.  Typically, households with insufficient 

production resources look to sharing, paying cash or exchanging labour.  For instance, 

households who do not own a pair of oxen for their own draught power needs often use 

alternative arrangements.  These include: 

• Borrowing or sharing oxen without cost.  This is often an arrangement between family 

or friends or within a church or other community group.   

• Borrowing and using oxen in exchange for labour, cash or land or through harvest 

sharing arrangements. Similar arrangements may exist for ownership of small stock, 

where offspring are shared.  Such arrangements are often entered into by women 

seeking to increase their small stock.  

• Sharing profit arrangements.  For example, one individual owns or buys the animal and 

gives it to the other person to manage and use.  Ploughing is then shared between the 

two.  When the animal is sold, the owner may keep all or share the profit.  Any costs fall 

on the person looking after the animal. 
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Many of these arrangements may also enable households to acquire access to manure.  

With regards livestock feed, typical systems include: 

• Group grazing management systems.  These may involve several households’ 
livestock, which are herded together and taken out for grazing by each participating 

household in turn. 

• Paying cash, providing labour or exchanging crop harvest for fodder.  This may entail 

such an arrangement with the owner of a fodder field allowing the payer to cut grass 

whenever it is needed. 

4.5 CHALLENGES FACED 

Although crop-livestock systems have operated traditionally for many years in the Highlands, 

there are challenges in encouraging further integration, key being farmer awareness and 

understanding of the available technologies including the benefits and challenges (Table 6).  

Table 6:  Challenges faced in promoting integrated crop and livestock management 

Arable areas Grazing areas Livestock 

Integrating fodder legumes and 

agroforestry in cropping 

systems in the improvement of 

local feed systems 

The need for grazing control 

when improved grasses or 

legumes are to be introduced  

Appropriate feeding strategies 

are required to overcome 

shortages particularly in the dry 

season 

Assisting communities, more 

especially poorer households 

to manage shortages of land 

and feed 

 

Regeneration and replanting 

will require protection from 

grazing 

Fencing (physical or social) will 

be required to control grazing 

and livestock numbers may 

need to be limited 

Poorer households may be 

disadvantaged by wealthier 

ones who have more livestock 

Small ruminants play a critical 

role in the livelihoods of poorer 

farmers and the landless, who 

may be dependent for grazing 

on common property resources  

Enabling producers, often 

women to capitalise on rising 

demand for dairy, small 

ruminants and other livestock 

products 

 Skilful organisation and 

management of animals and 

the land is required  

Ensuring livestock health is 

maintained 

 

 Community rules and 

regulations need to be agreed 

and followed, particularly 

regarding exclusion of some 

areas from grazing, grazing 

management and use of other 

natural resources such as 

timber 

Promoting markets for 

livestock products 
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MODULE 5: ORGANIC FERTILISER PRODUCTION AND 

USE 

5.1 CONCEPTS AND PRINCIPLES OF ORGANIC MATTER USE  

The biological decomposition of organic matter by micro-organisms (bacteria, actinomyces and 

fungi) under controlled aerobic conditions into humus results in the production of compost.  The 

process is often referred to as composting. In contrast, fermentation is the anaerobic 

decomposition of organic matter. The term controlled indicates that the process is managed or 

optimized to achieve the desired objective (Eliot Epstein, 1997).  

During composting, microorganisms in the organic matter consume oxygen while feeding on 

organic matter. Active composting generates considerable heat, and large quantities of carbon 

dioxide and water vapour are released into the air. Carbon dioxide and water loss can amount 

to half the weight of the initial materials. Composting thus reduces both the volume and mass 

of the raw materials, while transforming them into a valuable soil conditioner. 

Benefits of using organic matter: Compost as with other organic fertilisers has the unique 

ability to improve the chemical, physical and biological characteristics of soils or growing media 

(U.S composting council, 2001). 

Physical benefits 

Improved soil structure: Composted organic matter can greatly enhance the physical structure 

of soil. In fine-textured (clay and clay loam) soils, it will reduce the bulk density, improve the 

friability (workability) and porosity, and increase the soil’s gas and water permeability, thus 
reducing erosion. When used in sufficient quantity, the addition of organic matter has both an 

immediate and long-term positive impact on soil structure. It reduces compaction in fine textured 

soils and increases water holding capacity and improves soil aggregation in coarse-textured 

(sandy) soils. The soil binding properties of organic matter are due to its humus content. Humus 

is a stable residue resulting from a high degree of organic matter decomposition. The 

constituents of humus acts as a soil ‘glue’ holding soil particles together, making them more 
resistant to erosion and improving the soil’s ability to hold water. 

Improved moisture holding capacity: Humus is a dark brown or black soft spongy substance 

that holds water and plant nutrients. One kilogram of humus can hold up to six litres of water 

with compost able to absorb water 4-7 times its own weight. Hence, compost application is one 

of the best “hidden” water harvesting methods available. Studies have shown that every 0.5% 
increase of organic matter in soil can conserve 80,000 litres of water over one hectare of 

farmland. Since the water crisis in agriculture is a major problem globally, this can be addressed 

locally by enhancing the soil organic matter. 

Chemical benefits 

Modifies and Stabilizes Soil pH: The addition of organic to soil may modify the pH of the final 

mix. Depending on the pH of the organic matter and the local soil, organic matter addition may 

raise or lower the pH of the soil/organic matter blend. Therefore, an addition of a neutral to 

slightly alkaline organic matter to an acidic soil will increase soil pH if added in appropriate 

quantities.  
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Increases Cation Exchange Capacity: Organic matter will also improve the cation exchange 

capacity of soils, enabling them to retain nutrients longer. It will also allow crops to utilize 

nutrients more efficiently, while reducing nutrient loss by leaching. For this reason, the fertility 

of soils is often tied to their organic matter content. Hence improving the cation exchange 

capacity of sandy soils by adding compost can greatly improve the retention of plant nutrients 

in the root zone. 

Provides nutrients: Organic products contain a considerable variety of macro and micro-

nutrients and are therefore a good source of major, macro and micronutrients. Since compost 

contains a relatively stable source of organic matter, these nutrients will be supplied in a slow-

release form. However, on a kilogram-by-kilogram basis, large quantities of nutrients are not 

typically found in organic fertilisers in comparison to most commercial fertilizers. However, they 

are usually applied at much higher rates; therefore, they can have significant cumulative effect 

on nutrient availability. The addition of organic matter can affect both fertilizer and pH 

adjustments (lime addition). Organic matter not only provides some nutrition but can often make 

current fertilizer programs more effective. 

Biological benefit 

Provides soil biota: The activity of soil organisms is essential in healthy and fertile soils and 

for productive plants. Their activity is largely based on the presence of organic matter. Soil 

micro-organisms include bacteria, protozoa, actinomycets, and fungi. Not only are they found 

within well composed organic matter, but also within the soil media. Micro-organisms play an 

important role in organic matter decomposition which, in turn, leads to humus formation and 

increasing nutrient availability. Micro-organisms can also promote root activity as specific fungi 

work symbiotically with plant roots, assisting them in the extraction of nutrients from the soil. 

Sufficient levels of organic matter also encourage the growth of earth worms, which through 

tunnelling, increase water infiltration and aeration. 

Controls weeds and plant diseases: When weeds are used as a source of organic matter in 

making compost, the high temperature of the compost making process will kill many of the weed 

seeds. Even the seeds of the noxious weed, Parthenium, can be killed when it is made into 

compost. When crop residues are used to make compost, many pests and diseases cannot 

survive to infect the next season’s crops.  

5.2 INCREASING AND MAINTAINING SOIL ORGANIC MATTER CONTENT 

Raising and maintaining soil organic matter to desirable levels is crucial to sustainable land 

management, as it retains nutrients for plant use, reduces the runoff rate and the hazard of 

erosion, and improves the physical condition of the soil. Broadly speaking, soil organic matter 

can be increased by increasing inputs of organic materials and/or decreasing losses. However, 

most organic matter added to the soil will rapidly decompose to carbon dioxide gas through the 

process of microbial respiration and will not become part of the soil organic matter. In general, 

only about 5 to 15 percent of applied carbon to soil eventually becomes soil organic carbon. 

Therefore, large amounts of organic matter need to be added to soil to increase its organic 

carbon content in the long term. Periodic application of organic matter is required to maintain 

desirable levels. The key to organic matter management is to strike a balance between additions 

and losses so that a significant decline is avoided. Recommended practices for raising or 

maintaining soil organic matter are shown in Table 7.  
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Table 7: Recommended practices for raising or maintaining soil organic matter 

Increasing inputs of organic materials Reducing organic matter losses 

Apply organic materials to soil: apply 

manure, add plant residues, apply compost 

and vermi-compost, apply green manures, 

pruning’s or mulch 

Minimize soil erosion: Erosion removes organic 

matter contained in topsoil.  

Maintaining good vegetative or ground cover to 

protect soil from erosion will ensure that valuable 

topsoil and organic matter are conserved. 

Retain crop residues: Crop residues such as 

straw and maize or sorghum stalks should be 

incorporated into the soil or left on the soil 

surface to decompose whenever possible. 

Avoid overgrazing: Overgrazing leads to 

reduction of biomass and therefore productivity. 

Overgrazing also increases the area of bare 

ground making the surface soil more prone to 

erosion. 

 Lower biomass means low input of organic 

matter to the soil.  

Grow cover crops: Growing cover crops rather 

than leaving the land fallow during the dry 

season using residual moisture or belg rains 

increases organic matter and adds carbon to 

the soil.  

Reduce tillage operations when possible: 

Because excessive tillage accelerates organic 

matter decomposition and makes soils 

susceptible to erosion, the adoption of minimum 

tillage becomes important in reducing organic 

matter loss. 

Include a pasture phase in arable cropping: 

Grasses and legumes are regarded as soil 

builders because their root residues add active 

organic matter to the soils. They will help return 

the paddock to either long-term or short-term 

pasture depending on the degree of soil 

degradation. 

Manage decomposition rates: Encourage soil 

organisms (e.g. worms, beetles) to enhance the 

burial and incorporation of plant litter into soil 

aggregates to protect organic matter from loss by 

decomposition. Living shelterbelts with deep 

roots will capture and sequester carbon at 

deeper soil layers. 

 

5.3 REQUIREMENTS FOR MAKING CONVENTIONAL COMPOST  

Composting is most rapid when conditions that encourage the growth of the microorganisms 

are established and maintained. The most important conditions include: the climate, the carbon 

to nitrogen ratio, aeration, moisture, material size and turning. All are vital to the composting 

process. Let’s take a closer look at each one: 

Climate: Composting can have finished within a short period of time when outside temperature 

(day and night) is at least 15.5ºC. Composting can occur between 4.4ºc and 15.5ºC, but in this 

situation it will take a little longer. The composting process stops when the temperature 

consistently drops below 4.4ºC. This signals the end of the composting season, although it is 

sometimes possible to extend the composting season by covering the unit at night or by moving 

it into a protected area. 
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Carbon/Nitrogen Ratio: Any compost heap, whether using a fast method or a longer slower 

process, must begin with a good balance of materials. The basic makeup of the start material 

will determine both the effectiveness and speed of the decaying process. The materials also 

establish the nutrient content of the finished compost. 

Do not try to make compost with just one ingredient. The decomposition process requires a 

proper mix of carbon and nitrogen – the C/N ratio – and that ratio is rarely, if ever, found in one 

material alone. Micro-organisms, which are the decomposers, need carbon for energy and 

nitrogen for growth and multiplication. Materials high in carbon are generally brown and dry, 

while materials high in nitrogen are usually fresh and green. 

If there is not enough nitrogen, your organic waste could sit for years without even starting to 

decompose. On the other hand, too much nitrogen can result in the production of ammonia gas 

that leaks out and disappears into the air, easily detected by its smell. 

The mixture of materials in the compost pit or heap should have a carbon to nitrogen ratio of 30 

to 1. A 1 to 1 volume of dry and green materials approximates the 30 to 1 ratio of carbon to 

nitrogen. Hence, equal volumes of carbon rich, naturally dry materials (dead leaves, dried grass, 

straw) and nitrogen rich green plant materials (grass clippings, weeds, fresh garbage, fruit and 

vegetable waste) can be mixed. 

Table 8: Nitrogen and carbon content of some selected composting materials 

Type of composting material Nitrogen content 

(%) 

Carbon-to-Nitrogen ratio 

(C:1N) 

Urine 15–18 0.8:1 

Blood 10–14 3:1 

Horn 12 not found 

Bone 3 8:1 

Chicken manure 3–6 10–12:1 

Sheep manure 3.8 not found 

Horse and donkey manure 3.8 25:1 

Manure in general 1.7 18:1 

Farmyard manure (FYM) 2.15 14:1 

Maize stalks and leaves 0.7–0.8 55–70:1 

Wheat straw and chaff 0.4–0.6 80–100:1 

Fallen leaves 0.4 45:1 

Young grass hay 4 12:1 

Grass clippings 2.4 20:1 

Straw from peas and beans 1.5 not found 

Sources: Dalzell and Riddlestone (1987), Gershuny and Martin (1992) 

Aeration: Since decomposition is a burning process, a good supply of oxygen is necessary to 

keep it going. Turning the material in a compost heap to make sure enough air gets to the 

burning core is an important part of the process. 

The source of heat in an active compost heap is greatest at its centre, so each time the mixture 

is turned, it exposes more particles to the heat, therefore creating faster decomposition. 
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Moisture content: Composting works best if the moisture content of the pile is about 50% moist, 

not soggy. Too much moisture slows decomposition and produces a disagreeable smell due to 

the activity of methane producing microorganisms. If the organic material is too dry, 

decomposition will be slow or may not occur at all. One way to gauge the moisture level is to 

squeeze a handful of the material in your fist. If it does not stick together to form a ball, there is 

not enough moisture. If liquid squeezes out, there is too much. Check your heap or pit regularly 

for moisture content. If it is too dry, sprinkle it with a watering can, to restore the moisture 

content. If there are signs of too much moisture (especially foul smells), add dry materials such 

as leftover straw or shredded dead leaves to absorb the excess moisture. 

Material Size: Materials decompose best if it is between one and four cm in size. Soft succulent 

tissues do not need to be chopped into small pieces, but hard tissues should be reduced to 

smaller pieces in order to decompose rapidly. Breaking or shredding the materials in the 

compost has two effects. It increases the surface area of the materials and it breaks or bruises 

the skin of the plant. This allows decomposers a place to enter and results in a much faster 

breakdown – the smaller the pieces, the faster they will decompose. 

Turning: A compost pile needs to be turned to prevent it from overheating and aerates and 

thoroughly mixes the materials. If the internal temperature of the pile exceeds 710C, the 

necessary microorganisms are killed, the pile cools, and the whole process of composting must 

start again from the beginning. 

Turning is done to move the materials at the outer edge to the centre of the pile. This way, all 

the material reaches the optimum temperature at various times. Due to heat loss around the 

margins, only the central portion of the pile is at optimum temperature. 

Time needed for composting: The longer the interval between turnings, the longer it takes 

for the compost to be ready. If the material in the pile is turned every day, it takes 2 weeks or 

little longer to compost. If turned every other day, it takes about 3 weeks.  

Once a pile is started, do not add additional material. It takes a certain time for each material to 

break down, and any addition to the pile starts the decomposition process later than the original 

materials, thereby lengthening the decomposition time for the whole pile. 

Trouble shooting: If managed correctly, a pile heats to a high temperature within 24 to 48 

hours. If it does not, the pile is too wet, too dry, or there is not enough green material (or 

nitrogen) present. If too wet, the materials should be spread out to dry. If too dry, add water 

until the pile is evenly moist. If neither of these conditions exists, then the nitrogen level is too 

low (the carbon to nitrogen ratio is too high). This can be corrected by adding materials high in 

nitrogen, such as green materials or fresh manure from livestock.  

If the carbon to nitrogen ratio is less than 30 to 1, the organic matter decomposes very rapidly, 

but loss of nitrogen occurs, producing an ammonia gas. If an ammonia odour is present in a 

composting pile, it means that valuable nitrogen is being lost in the air. Nitrogen loss can be 

counteracted by the addition of carbon rich materials to the pile. 

Composting can be done at any time of the year, but it is influenced by the ambient temperature 

and rainfall. A low ambient temperature slows microbial activity, so it may take longer for the 

compost pile to heat. During the rainy season, it may be necessary to cover the pile to keep the 

composting material from becoming too wet. 

Signs of Healthy Compost:   Rapid decomposition can be detected by a pleasant odour, by 

the heat produced (this can be demonstrated by water vapour during the turning of the heap), 
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by the growth of white fungi on the decomposing organic material, by reduction in the volume 

of the heap, and by the material changing to a dark brown colour. 

As composting nears completion, the temperature drops and, finally, little or no heat is produced. 

The compost is then ready to use. 

Table 9: Materials for composting 

Type of Material 

Dry and green plant material Animal material Water 

Weeds, grasses and any other plant materials 

cut and collected from fields 

Wastes from cleaning grain, cooking and 

cleaning the house and compound, making food 

and different drinks, particularly coffee, tea, 

home-made beer, etc.  

Crop residues: stems, leaves, straw and chaff
 
of 

all field crops – both big and small – cereals, 

pulses, oil crops, horticultural crops and spices, 

from threshing grounds and from fields after 

harvesting. 

Garden wastes – old leaves, dead flowers, hedge 

trimmings, grass cuttings, etc. 

Dry grass, hay and straw left over from feeding 

and bedding animals.  

Stems of cactus, such as prickly pear (crushed or 

chopped up).  

Dung and droppings 

from all types of 

domestic animals, 

including from horses, 

mules, donkeys and 

chicken, from night 

pens and shelters, or 

collected from fields. 

Urine from cattle  

Enough water is 

needed to wet all the 

materials and keep 

them moist, 

Source: Rainwater, 

Wastewater Animal 

urine  

5.4 CONVENTIONAL COMPOSTING METHODS 

There are two basic methods of making compost: the heap method, and the pit method, both 

referred to as piling methods. The only difference between the two is that the heap is built 

above the ground, while the pit method requires digging of large pits. The heap method of 

composting is suitable for high rainfall areas, irrigated areas and during the rainy season and 

does not require expenditure and is easy to manage. In areas where there is scarcity of moisture 

and during the dry season, the pit method of composting is used. 

Piling:  The compost heap or pit is built up of layers of materials, like in a big sandwich. These 

materials are dry plant materials, green plant materials and animal manure. The basic sequence 

is: 

Layer 1: A layer of dry plant materials 20–25 cm thick, i.e. as deep as a hand. Water or manure 

slurry should be sprinkled with a watering can evenly over this layer. The layer should be moist 

but not soaked. 

Layer 2: A layer of moist (green) plant materials, either fresh or wilted, e.g. weeds or grass, 

stems and leaves left over from harvesting vegetables, damaged fruits and vegetables. Leafy 

branches from woody plants can also be used if the materials are chopped up. The layer should 

be 20–25 cm thick. Water should not be sprinkled or scattered over this layer. 

Layer 3: A layer of animal manure collected from fresh or dried cow dung, horse, mule or donkey 

manure, sheep, goat or chicken droppings. The animal manure can be mixed with soil, old 

compost and some ashes to make a layer 5–10 cm thick. If there is only a small quantity of 
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animal manure, it is best to mix it with water to make slurry, and then spread it over as a thin 

layer 1–2 cm thick. 

Layers are added to the heap in the sequence, Layer 1, Layer 2, Layer 3, until the heap is about 

1–1.5 meters tall. The layers should be thicker in the middle than at the sides so the heap 

becomes dome-shaped. If the heap is much taller than 1.5 meters, the microbes at the bottom 

of the heap will not be able to work well. Layers 1 and 2 are essential to make good compost, 

but Layer 3 can be left out if there is a shortage or absence of animal manure. 

It is important to place one or more ventilation and/or testing sticks vertically in the compost 

heap/pit. The stick should be long enough to stick out of the top of the heap. Ventilation and 

testing sticks are used to check if the decomposition process is going well, or not. A hollow stick 

of bamboo grass (Arundo donax) or bamboo makes a good ventilation stick as it allows carbon 

dioxide to diffuse out of and oxygen to diffuse into the heap. A testing stick can be taken out at 

regular intervals to check on the progress of decomposition in the heap. 

Pit composting:  The pit method is best done at the end of the rainy season or during the dry 

season. If the pit method of compost preparation is made during the rainy season or in very wet 

areas, water can get into the bottom of the pit. This will rot the materials producing a bad smell 

and poor-quality compost. Poor quality compost will not be productive, and this can discourage 

farmers and others from trying to make better quality compost. In wet areas, it is better to make 

compost through the heap method. 

Site and pit dimension: The site should be accessible for receiving the materials, including 

water and/or urine, and for frequent watching/monitoring and follow-up. The site should be 

protected from high rainfall, flooding, strong sunlight and wind. A temporary shed may be 

constructed over it to protect the compost from heavy rainfall. The pit should also be marked or 

have a ring of stones or small fence around it so that people and animals do not fall into it. The 

pit should be about 1 m deep, 1-2 m wide and of any suitable length. Pits should not be deeper 

than 1 meter, because it can be cold at the bottom and the micro-organisms cannot get enough 

oxygen to work properly. 

Filling the pit:  Before the pit is filled, the bottom and sides should be plastered with a mixture 

of animal dung and water (slurry). If animal dung is not available, a mixture of topsoil and water 

can be used. The plastering helps to seal the sides of the pit so that moisture stays in the 

compost making materials. Then the compost pit is filled with layers of materials, like in a big 

sandwich. The basic sequence is as described on 4.3. 

Turning: The material is turned three times during the period of composting; the first time within 

-30 days after filling the pit, the second after another 30 days and the third after another month. 

At each turning, the material should be mixed thoroughly, moistened with water, and replaced 

in the pit. 

Heap composting:  This method of composting is usually used in high rainfall areas, irrigated 

areas and during the rainy season. 

Site and heap dimensions: The site should be accessible for receiving the materials, including 

water and/or urine, and for frequent watching/monitoring and follow-up. It should also be 

protected from high rainfall, flooding, strong sunlight and wind, e.g. in the shade of a tree, or on 

the west or north side of a building or wall. 
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The basic heap dimension is about 2 m wide at the base, 1.5 m high and 2 m long. The sides 

are tapered so that the top is about 0.5 m narrower in width than the base. A small bund is 

sometimes built around the pile to protect it from wind, which tends to dry the heap. 

Forming the heap: The compost heap is built up of layers of materials, like in a big sandwich. 

The basic sequence is as described in section 5.4. 

Figure 6: Piling methods (pit and heap) 

 
 

5.5 FARMYARD MANURE 

Farmyard Manure (FYM) is an important source of organic nutrients for many farmers. Its use 

is a well-established nutrient and land management practices undertaken by farmers in Ethiopia. 

It is the oldest and most widely practiced means of nutrient replenishment, which can be used 

on its own or be an important addition to plant-based composts. It is a valuable source of organic 

matter as well as major soil nutrients such as nitrogen (N), phosphorous (P), potassium (K), 

calcium (Ca), sulphur (S), and magnesium (Mg). It can also be a source of micronutrients such 

as boron (B), copper (Cu), chlorine (Cl), nickel (Ni), cobalt (Co), iron (Fe), manganese (Mn), 

zinc (Zn), and molybdenum (Mo). 

Although use of FYM is a well-established management practice, many farmers still 

underestimate its value. In some places, FYM is thrown around the homestead. Due to lack of 

appreciation, it may not be recognized as a source of nutrients and organic matter. In some 

areas with limited fuel sources, dried FYM is used as a cooking fuel. By burning FYM, large 

quantities of organic matter and nutrients are lost from agricultural systems. On the other hand, 

many farmers do not own animals, and consequently do not have access to FYM.  

Quality of FYM: The quality of FYM depends on what animals have eaten. If they have been 

fed with poor-quality forage or grazed on poor soils, their manure will be of poor quality. If they 

have been fed good-quality feed, the manure will be rich in nutrients. 

The type of animal also influences its quality because different species of animals eat different 

things (Table 10). In general, manure from pigs and poultry is of better quality than manure from 

goats and cattle. It is possible to enrich cattle manure by mixing it with manure from other types 

of animals. 



 

33 

 

Table 10: Nutrient content of manure from different sources 

Manure Moisture % % N % P2O5 %K2O %CaO 

Farmyard manure 38 - 54 0.5 – 2.0 0.4 –1.5 1.2 – 8.4 0.3 – 2.7 

Cattle dung 34 - 40 1.7 – 2.0 0.5 –3.7 1.3 – 2.5 0.9 – 1.1 

Sheep and goat 40 - 52 1.5 – 1.8 0.9 – 1.0 1.4 – 1.7 0.9 – 1.0 

Pig manure 35 -50 1.5 – 2.4 0.9 – 1.0 1.4 –3.8 1.3 –1.5 

Poultry manure 10 - 13 2.3 – 2.5 2.3 – 3.9 1.0 – 3.7 0.6 – 4.0 

 

Another factor which affects quality is storage and handling conditions. FYM storage and 

handling practice by farmers is sometimes poor. If it is stored in the open and exposed to rain, 

many of the nutrients will be washed away. Nutrient and carbon losses during manure storage 

vary substantially. Nitrogen losses for example may vary from less than 10% to about 90%. 

Nitrogen losses tend to be lower for more compact and anaerobic manure storage systems.  

Improved manure management: The following management options are helpful to consider 

for improvement of manure quality: 

Manure can be improved through feeding a high-quality combination of fodder, such as straw / 

napier grass and Sesbania sesban, Calliandra and Leucaena to animals. 

Manure should be allowed to age (mature) for at least 3 months before being used. 

Using manure in compost: To improve both the quality and quantity of compost, farmers should 

be encouraged to use FYM in their compost. Composting is a way to use manure that will 

increase its value, kill parasites, and weed seeds, and decrease the volume of waste. It can 

also help to stabilize the nitrogen.  

To minimize nutrient losses, the FYM should be protected from sun, wind and rain. This can be 

done by covering the manure heap with a polythene film. Farmers can also use locally available 

covering materials or shades to improve FYM storage conditions. Storing FYM in pits is 

particularly suitable for dry areas and dry seasons.  

In areas with limited fuel sources, dried manure is used as a cooking fuel. An alternative fuel 

source can be created by planting trees for firewood as living fences. 

Since many farmers do not own animals, nor have access to FYM, growing animal feed and 

integrating livestock into the farm not only provides milk and or meat and other animal products, 

but also some animal manure. 

5.6 RAPID COMPOSTING VERMI-CULTURE AND VERMI-COMPOST 

While traditional composting procedures take as long as 4-8 months to produce finished 

compost, rapid composting methods offer possibilities for reducing the processing period to 

three weeks.  

Vermicomposting is a fast method of preparing enriched high-quality compost with the use of 

earthworms. It is one of the easiest methods to recycle agricultural wastes and to produce 

quality compost. Earthworms are valued by farmers because, in addition to aerating the soil, 

they digest organic matter and produce castings that are a valuable source of humus. Vermi-

composting, or worm composting is a simple technology that converts biodegradable waste into 

humus with the help of earthworms.  



 

34 

 

The process of vermicomposting is inseparable from vermiculture. This requires continuous 

breeding of earth worms in boxes for production of high-quality compost. The earthworm is the 

primary product, while the vermi-compost is a valuable by-product, with the primary objective of 

the vermi-composter being the production of vermi-compost. Vermi-compost is the excreta of 

earthworm, which is rich in humus. 

Culturing of earth worms 

Vermiculture is continuous breeding of earth worms to produce a continuous supply of high-

quality compost. The goal is to frequently increase the number of worms to attain a sustainable 

yield. The worms can either be used to expand the Vermicomposting operation or sold to 

customers, who can use them for the same or other purposes.   

There are an estimated 1800 species of earthworm worldwide. The most common types of 

earthworms used for vermicomposting are brandling worms (Eiseniafoetida). This is commonly 

known as: the “compost worm”, “manure worm”, “redworm”, and “red wiggler” (Figure 7). 

Eiseniafetida are extremely tough and adaptable worms. It is indigenous to most parts of the 

world and is often found in aged manure piles. They are 0.8 cm to 1.6 cm in length with varying 

physical characteristics, reddish/purple to dark purple in colour and with a yellow tail tip. 

Figure 7: Vermi-worms 

 

 
Earthworms are hermaphrodites. This means that they produce both eggs and sperm 

(CSSWMD, 2010), although they need another worm to mate. If the worm has a large swollen 

band (clitellum), it is a mature worm. The clitellum produces mucus that allows two worms to 

join. Once joined, the worms pass sperm from each other to a sperm storage sac. After they 

detach, a cocoon (eggs) is formed on the clitellum. Baby worms will hatch from the cocoons in 

approximately 3 weeks (Figure 8). Baby worms can become adults in 3 to 5 months. Cocoons 

are lemon shaped and about the size of a match head (Sherman, et. al, 2003). About 10 baby 

worms are produced per week from a mature worm (CIWWB, 2004). 
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Figure 8:  Stages in the reproduction of the worms 

 

 

Figure 9: Worm bins with bedding 

 

Earth worm culturing procedures 

• Build or purchase a worm bin. The worm bin is the enclosure in which the worms will 

live; it holds in the bedding and food scraps, regulates the amount of moisture in the 

bedding, and blocks light (which is harmful to worms). Worm bins can be made from 

plastic or wooden. In Ethiopia, wooden boxes are preferred because they are more 

absorbent and provide better insulation. The preferred size is 50 cm (length) x 50 cm 

(width) x 20 (height) cm with holes (0.5 cm diameter on the top, bottom and sides of the 

bins). A bin about 30 cm high by 60 cm wide by 1m long, together with about 6000 worms 

will be able to process about 25-50 kg of waste weekly. Make sure that there is good 

drainage in the containers, so the worms do not drown (Figure 9). 

• Collect red earthworms. Indigenous red earthworms which are used for vermi-

composting can be collected from moist, organic rich environments, such as under logs 

or manure piles in areas where wet animal droppings have laid for days, under rotten 

logs, under forest litter or decomposed mulch. In identifying the red earth worms it is 

good to notice the growth stages. Baby worms are transparent and whitish, with a size 

less than 1.2 cm to 2.5 cm (Dickerson, 2001). If the worm goes deeper beyond the 

bedding material, it may not be the right kind of earth worm, a “surface dweller”  
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• Prepare the worm bedding: The bedding is the material that the worms will live in. It 

can be made from any carbon-rich organic matter such as paper or hay.  

• Moisten the bedding: Worms can only live in a moist environment, so you need to make 

sure the bedding is sufficiently moist. Hence soak the bedding in water to give it a 

consistency of a damp sponge. 

• Add the worms: add worms by scattering them onto the bedding. Close the lid to block 

any light. Give the worms about a day without adding food scraps to work their way into 

the bedding. 

It is estimated that there are approximately 2200 adult worms per kg. To consume and 

convert one kilogram of waste in a week you will need approximately two kilos of worms 

(approximately 4000 worms). If you do not have that many worms to start, don’t worry. 
It will just take a bit longer to consume the waste. Meanwhile, the worms will multiply. 

Given proper conditions, they will double their population in 2-3 months. 

• Add food to the bin: Fruit leftover, plant leaves, crushed eggshell, papers, pre-

fermented manures are suitable for worms. Manures are the most used feedstock. 

Manure from cattle, sheep and goats and a small amount of poultry manure are generally 

considered the best natural food for red earth worms (Munroe, 2007). If manure contains 

excess urine, it must be drained before use. According to Evergreen (2010) and Cochran 

(2010) meat, dairy, fish, bones, onion, oils, fresh manure, hot spices, vinegar and citrus, 

sauces are not suitable food for worms. Any processed food at home; raw materials with 

plastics, metals are also unsuitable. It is best to feed worms 1 to 2 times per week rather 

than daily. Too much uneaten food can attract insects and lack of food forces worms to 

move out. Bedding material should cover the worms (3 to 6 cm thick) while they are 

feeding. Feeding bedding material for worm food can be done by hand, by fork or with 

any tool that can be used to mix feeds. 

• Harvesting: Harvest the earthworm beds regularly to optimize worm production. After 

approximately 2-3 months, the contents of the soil bin will begin to look like rich black 

soil rather than the bedding that it started as. Move the entire contents of the bin to one 

side: fill the empty side with new bedding and begin to bury food waste in the new 

bedding. Within a short time, the worms will migrate to the new food source, and you will 

be able to remove the worm casting from the other side of the bin.  
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Five Essentials for worm rearing 

Compost worms need five basic ingredients: A hospitable living environment, usually called 

“bedding”; a food source; adequate moisture (greater than 50% water content by weight); 
adequate aeration and protection from temperature extremes (Figure 10) 

Figure 10:  The five basic ingredients for worm rearing. 

 

Bedding: The materials in the bedding should provide a relatively stable habitat to worms (Table 

11). It must be able to absorb and retain water well (high absorbance) if the worms are to thrive. 

As opposed to feed stocks bedding materials have more Carbon (C) than feedstock. But 

bedding materials are used as feed stock when there is lack of food. Bedding material must not 

be too dense or packed too tightly. Porosity of the bedding material is need for water and air 

flow. An important factor in selecting materials for bedding is the (Carbon: Nitrogen ratio) which 

affect the suitability of materials for worms. Commonly used bedding materials are peat, paper 

and, in Ethiopia, crop residues can also be used. In Vermicomposting or Vermiculture 

operations, the high-C materials are used as bedding, while the high-N materials are generally 

feed stocks (Munroe, 2007). If available, shredded paper or cardboard makes excellent bedding, 

particularly when combined with typical on-farm organic resources such as straw and hay. 

For good vermi-composting, this habitat should satisfy the following criteria: 

• High absorbency: As worms breathe through skin, the bedding must be able to absorb 

and retain adequate water. 

• Good bulking potential: The bulking potential of the material should be such that 

worms get oxygen properly. 

• Low nitrogen content (high Carbon: Nitrogen ratio): Although worms consume the 

bedding as it breaks down, it is especially important that this be a slow process. High 

protein/nitrogen levels can result in rapid degradation and associated heating may be 

fatal to worms. Table x provides a list of some of the most used bedding materials. 
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Table 11: Characteristics of bedding materials 

Bedding Material Absorbency Bulking Potential C:N Ratio 

Horse Manure Medium-Good Good 22 - 56 

Peat Moss Good Medium 58 

Maize Silage Medium-Good Medium 38 - 43 

Hay – general Poor Medium 15 - 32 

Straw – general Poor Medium-Good 48 - 150 

Newspaper Good Medium 170 

Bark – hard/soft woods Poor Good 116 - 1285 

Sawdust Poor-Medium Poor-Medium 142 - 750 

Shrub trimmings Poor Good 53 

Hard/soft wood chips Poor Good 212 - 1313 

Leaves (dry, loose) Poor-Medium Poor-Medium 40 - 80 

Maize stalks Poor Good 60 - 73 

Maize cobs Poor-Medium Good 56 - 123 

Source: Modified after Munroe, 2007  

 

Food Source: Regular input of feed materials for the earthworms is an essential step in the 

vermicomposting process. Earthworms can eat almost anything organic (that is, of plant or 

animal origin), but they prefer some foods to others. Manures are the most used worm 

feedstock, with dairy and beef manures generally considered the best natural food. When 

material with higher carbon content is used with a C: N ratio exceeding 40: 1, it is advisable to 

add nitrogen supplements to ensure effective decomposition. The food should be added only 

as a limited layer as an excess of the waste many generate heat. From the waste ingested by 

the worms, 5-10% is assimilated in their body and the rest is excreted in the form of vermi-cast. 

Under ideal conditions, worms can consume an amount of food higher than their body weight. 

A general rule-of-thumb is consumption of food weighing half of their body weight per day. 

Moisture: The most important requirement of earthworms is adequate moisture. The feed 

stock should be in the range of 60-70% moisture content. It should not be too wet otherwise it 

may create anaerobic conditions which may be fatal to earthworms. 

The bedding must be able to hold sufficient moisture if the worms are to have a liveable 

environment. They breathe through their skins and moisture content in the bedding of less than 

50% is dangerous. Except for extreme heat or cold, nothing will kill worms faster than a lack of 

adequate moisture.  

Aeration: Worms are oxygen breathers and cannot survive anaerobic conditions. Factors such 

as high levels of fatty/oily substances in the feedstock or excessive moisture combined with 

poor aeration may render anaerobic conditions in vermicomposting system. Worms suffer 

severe mortality partly because they are deprived of oxygen and partly because of toxic 

substances (e.g. ammonia) produced under such conditions. This is one of the main reasons 

for not including meat or other fatty/oily wastes in worm feedstock unless they have been pre-

composted to break down the oils and fats. 

Temperature Control: The activity, metabolism, growth, respiration and reproduction of 

earthworms are greatly influenced by temperature. Most earthworm species used in 
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vermicomposting require moderate temperatures from 10 – 35o C, although tolerances and 

preferences vary from species to species. Earthworms can tolerate cold and moist conditions 

far better than hot and dry conditions. For Eisenia foetida temperatures above 10 o C (minimum) 

and preferably 15 o C be maintained for maximizing vermicomposting efficiency and above 15 o 

C (minimum) and preferably 20 o C for vermiculture. Higher temperatures (> 35 o C) may result 

in high mortality. Worms will redistribute themselves within piles, beds or windrows so that they 

get favourable temperatures in the bed. Controlling temperature to within the worms’ tolerance 
is vital to both vermicomposting and vermiculture processes. This does not mean, however, that 

heated buildings or cooling systems are required.  

Composting using vermi-worms 

Vermicomposting is a method of preparing vermi-compost with the use of vermi-worms. It is one 

of the easiest methods to recycle agricultural wastes and to produce quality compost. The 

worms consume biomass and excrete it in digested form called worm casts. Worm casts are 

popularly called “black gold”. The casts are rich in nutrients, growth promoting substances, 

beneficial soil micro flora and have properties of inhibiting pathogenic microbes. Vermicompost 

is a stable, fine granular organic manure, which enriches soil quality by improving its 

physicochemical and biological properties. It is useful in raising seedlings and for crop 

production. Vermicompost is becoming popular as a major component of organic farming 

systems. 

Comparison of compost and vermi-composting shows that vermicompost is superior to compost 

in that it is a “nutrient rich compost”. Review by Munroe (2007) shows that vermi compost is 

nutrient rich compared with the traditional compost. Earthworm castings contain 5 to 11 times 

more nitrogen, phosphorous, and potassium compared with the surrounding soil (Dickerson, 

2001). pH of vermicompost is neutral and lower by 1-2 points than conventional compost 

(Dickerson, 2001). It has a higher level of beneficial microorganisms. Edwards (1999) stated 

that vermicompost may be as much as 1000 times as microbially active as conventional 

compost, although that figure is not always achieved.  

Types of Vermi-composting 

The types of vermicomposting depend upon production quantities and composting structures. 

Small-scale vermicomposting is done to meet personal requirement, typically 5-10 tonnes of 

vermicompost annually. Large-scale commercial vermicomposting can be done by recycling 

large quantity of organic waste producing 50 – 100 tons annually. 

Vermicomposting can be undertaken in pits, concrete tanks or wooden crates appropriate to 

the situation. If in pits, it is preferable to select a composting site under shade. 

Any set-up for producing vermicompost should have the following attributes: 

• Adequate provision for earth worms to live, feed, and breed. 

• Optimally moist and close to a neutral pH. 

• Safeguard against insects and predators to prevent harm to the earth worms 

• Adequate provision for periodic harvesting, vermi-cast and renewal of feed 

 

Vermicomposting can be carried out in different types of containers (Figure 11). There are only 

a few requirements for a good worm pit, the most important being good ventilation; the pit needs 

to have more surface area than depth (wide and shallow) and it needs to have relatively low 

sides. The base of the worm pit is prepared with a layer of sand then alternating layers of 

shredded dry cow dung and degradable dry biomass and soil are added. Under ideal conditions, 
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1,000 earthworms can covert 45 kg of wet biomass per week into about 25 kg of vermicompost. 

Hence, 1000 earthworms can covert 180 kg of wet biomass per month into about 100 kg of 

vermicompost. If your target is to produce 2 tons per month, you need 20,000 earth worms. 

The backyard batch composting following the outdoor pile method is appropriate for local 

conditions. In this method, it is common to combine thermophilic (high temperature) composting 

in which a maximum pile temperature of about 60-65°C is targeted. This is referred to as the 

pre-vermicomposting stage during which complex organic compounds are degraded by 

microorganisms. At the end of this thermophilic stage, the temperature of the pile gradually 

drops, and the composting process becomes mesophilic (moderate temperature). This signals 

the right time to commence the second stage in which the right species of earthworm is 

introduced. As a practical guide to use this method, the following procedure is provided: 

• Prepare the following materials and provide at the right time: carbon- and nitrogen-

rich organic materials, spade, ground space, hollow blocks, stakes, plastic sheets or 

used sacks, water and water sprinklers, shading materials, nylon net or any substitute 

to cover the beds, and composting earthworms. Nitrogen-rich substrates refer to animal 

manures, legumes, and fresh grass clippings, while others, particularly those coloured 

brown and dry which are generally classified as carbon-rich substrates. 

• Mix carbonaceous with nitrogenous organic materials at the right proportions to 

obtain a C:N ratio of about 30:1. For example, straw leftover and fresh manure are 

mixed at about 25:75 ratio by weight. But for practical application, a 1:1 or 50:50 ratio by 

volume can be tried as basis in mixing bulky carbonaceous materials (e.g. dried 

grasses/straw) and manures. 

• Prepare the vermi bed by spreading plastic sheets or used sacks on the ground 

to prevent mixing of the soil with the compost during harvesting. Pile two layers of 

hollow blocks in square or rectangular pattern. Secure the blocks by sinking stakes 

through the holes. Remove completely growing vegetation surrounding the bed and 

sweep away plant debris that may serve as food and induce the earthworms to migrate 

outside. Provide shade. 

• Fill the bed with the organic materials and water sparingly. The size of the pile can 

vary but in general, a volume of at least 1 cubic meter (1 m3) is desired to allow 

thermophilic heating. A pile 1 m wide, 2 m long and 0.5 m high will have this volume. To 

conserve moisture and heat, the pile is covered from the top to the sides with plastic 

sheets or any substitute materials. 

• Wait for at least 15 days for the thermophilic process of composting to end. This 

process is characterized by a rapid increase in temperature of the pile (it can be checked 

manually with an open palm on top of the pile) followed later by a gradual decrease. 

When temperature approaches ambient temperature (<35°C), the height of the pile also 

subsides, remove the covering. Sprinkle with water if necessary, then commence 

vermicomposting proper by introducing the earthworm. 

• Stock the partially decomposed organic materials with composting earthworms, 

by releasing them on top of the pile. The earthworms will immediately move 

downward. A stocking rate of about 500 g of earthworms is sufficient for an original pile 

of 1 m3 but it can be lesser or more, depending on availability. Heavier stocking rate will 

mean faster rate of vermi-cast production. 

• Mulch the pile with grasses to prevent excessive loss of moisture. Then cover with 

nylon net or any substitute material to serve as barrier against birds and other earthworm 

predators. Maintain sufficient moisture and aeration throughout the composting process. 
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• Harvest the vermicompost as needed or when only a few organic materials remain 

intact. Use the earthworms for another round of vermicomposting.  

Figure11:  Vermicomposting in Oromia and and use of  plastic sheeting 

 
 

 

 5.7       RAPID COMPOSTING USING EFFECTIVE MICRO-ORGANISMS 

The use of Effective Microorganisms (EM) is another methods of rapid composting. The concept 

and development of EM technology was developed in Japan by Professor Teruo Higa, at the 

University of Ryukyus, Okinawa, Japan, in the early 1980s. EM is a brown liquid concentrate 

containing a number of beneficial microbes, produced from cultivation of over 80 strains of 

beneficial micro-organisms, which are collected from the natural environment. Over 90 countries 

are using this technology successfully today.  

At present, the fundamental challenge composting facilities face is in properly aerating the piles. 

When using conventional composting methods, piles must be turned frequently, or they risk 

becoming anaerobic and putrefying. When this happens, foul smelling gases such as ammonia 

and mercaptans are produced, and harmful bacteria proliferate. This makes for angry 

neighbours, numerous flies, and a potentially disease inducing finished product. The problem 

with continually turning the piles to prevent putrefaction is two-fold. One, it is very labour 

intensive and therefore expensive. Two, even frequent turning is not 100% efficient and 

anaerobic pockets inevitably begin to putrefy in the piles. EM can help your operation to 

overcome these challenges.  

EM consists of a mixed culture of beneficial microbes including Lactic Acid Bacteria, Yeasts, 

and Phototrophic Bacteria. The addition of EM into the composting process can stop the odour 

problems and establish beneficial microbial growth by preventing the anaerobic pockets from 

putrefying. When carefully managed, EM has the potential to reduce the frequency of turning 

the piles, saving time and money. 

Preparation and Application of EM solution:  EM solutions can be purchased from a local 

distributor, one being in Debre Zeit. The solution is not directly utilized. Activation and dilution 

are necessary before use. The procedure involves:  

• Preparation of Activated EM solution: This is prepared by mixing the EM stock 

purchased from local source with molasses and water. Mix well in the ratio of 16 litres of 

chlorine free water with 3 litres of Molasses and 1 litre of EM. Pour the mixture into a 
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clean plastic container or drum and seal it airtight, so that little or no air is left in the 

container. Keep the container in the shade and at an ambient temperature of 24 – 26 °C 

for 21-30 days. Afterwards you will find a white layer on the top of the solution 

accompanied with a sweetish, sour rather pleasant smell. The product is ready when the 

pH drops below 4.0. Check the pH with litmus indicator paper. If possible. The 

appearance of these properties indicates that the activated EM solution is ready and 

should be used within 30 days, unless it is poured into smaller containers.  There should 

be no air contact with the EM. Do not use activated EM if the pH of the solution is more 

than 4 or it smells bad. During preparation, no glass container should be used. Prepare 

the activated EM only after washing a plastic container properly and sterilizing it under 

sunlight for one day.  

 

• Preparation of ready to use EM solution. This is prepared by diluting the activated EM 

solution. First mix the activated EM solution, water, and molasses in the following ratio: 

Add two litres of solution to two litres of molasses and 96 litres of water to obtain 100 

litres of ready-to-use EM solution. This amount is enough for three pits (heaps).  

 

• Spraying of ready to use EM solution. Spray this solution on the ground where 

compost is to be made at a rate of 2 litre per square metre. Make a heap of organic 

matter such as plant and animal waste about 30 cm in height. Spray the diluted activated 

EM solution on the heap to bring the moisture content to 70-80%.  No fluids should leak 

out at the bottom of the heap. Add another similar layer on top of the first one, spray it 

again with diluted EM solution.  The layers can then be made, up to a maximum height 

of about 1.5 meters. Cover the heap with straw, sacks or banana leaves. Do not cover it 

with plastic sheets. After some time, if the moisture level drops in the heap, sprinkle 

some more water on the heap and cover again. Place a dry stick into the heap, so that 

the temperature can be measured. The compost should be ready for use within 30 – 45 

days (Figure 12). 
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Figure 12: Composting maize Stover with EM after 40 days (left) and without EM applied (right), 

 

5.8 BIO-DIGESTERS, BIO-GAS SLURRY MANAGEMENT, USE AND CHALLENGES 

What is a bio-digester? Bio-digesters have been used for decades across the world to 

generate energy from organic material such as animal manure or agricultural waste. A bio-

digester is a closed, airtight vessel in which organic material is deposited to support anaerobic 

digestion, a process that leads to degradation of the material by bacteria in the absence of 

oxygen and producing a methane and carbon dioxide mixture, which can be used for cooking 

and / or lighting. Bio-digesters range from simple plastic bags on beds of straw that produce 

small amounts of gas to complex systems capable of producing several megawatts of electricity. 

They produce waste organic material from both animal and human waste, or other organic 

materials (SNV, 2015).   

Traditional brick dome digesters have been promoted for several decades and are reliable but 

require specific skills in their construction to avoid cracking over time. A newer low-cost solution 

is a prefabricated plastic bag bio-digester, which is UV-resistant and composed of recycled 

plastic (Figure 13).  A bio-digester receives the daily waste of a farm, in which the manure mixed 

with water is fermented, producing biogas that is conducted through pipes to the points of use. 

At the other end of the system comes the bio-fertilizer. A small bio-digester such as this can 

provide 1.7 cubic metres of biogas daily sufficient for around three hours of cooking.  This 

requires an estimated 45 kg of fresh cattle manure from 3-4 cattle together with 90 litres of 

water, which will produce 135 litres of bio-fertiliser per day (Sistema.bio, 2019). Although biogas 

can be generated with other organic material, cattle dung is considered best suited for 

household digesters such as that shown in Figure 13 (ter Heegde and Sonder 2007) 
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Figure 13: A small bio-digester and its components parts 

  

Source: Sistema.bio, 2019 

Experiences in Ethiopia: An estimated 88 percent of the energy used by Ethiopian households 

is provided by biomass, mainly fuelwood and agricultural residues. Based on technical, financial, 

social, and institutional criteria, the technical potential for domestic biogas in Amhara, Oromia, 

Tigray, and SNNPR, is estimated at 3.5 million households, these being those households 

having more than four head of cattle and living within 20-30 minutes walking distance to a water 

source (Eshete, Sonder, and ter Heegde 2006). 

Government has been a key supporter of biogas technology promoting its use as a clean energy 

source, replacing fuelwood, charcoal, and other unsustainable energy sources for cooking and 

lighting.  However, for many households, not only in Ethiopia but also in other countries, the 

digestate is often regarded as being the main benefit (World Bank, 2019). Given the 

opportunities of using the digestate as a bio-fertilizer, promoting its benefits through awareness 

training and capacity building for use in crop production may encourage increased adoption of 

bio-digesters. Not only can the digestate contribute to increasing yields and sustainable farm 

practices it can also substitute inorganic fertilisers. 

What is bio-slurry? Bio-slurry is the mixture of manure and water in semi liquid form used as 

a feedstock for the bio-digester.  This is referred to as “undigested slurry”. The residue after the 
fermentation process is a sludge, known as “bio-slurry” or “digestate” (Figure 14). 

Figure 14:  Bio-slurry production in Oromia and Tigray Regions 
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Characteristics of digested bio-slurry:  Being fully fermented, bio-slurry is odourless and 

does not attract flies.  Pathogens present in the manure are reduced in bio-slurry when 

compared to raw manure and even further when the bio-slurry is composted (FAO 2013). It is 

also reported as repelling termites and other pests that may be attracted to raw manure.  It is 

an excellent soil conditioner, adding humus and enhancing the soil’s capacity to retain water.  
In addition, application of bio-slurry has been reported to reduce weed growth by up to 50% 

(BIRU, 2019). 

Composition of bio-slurry: The composition of bio-slurry depends upon several factors: the 

kind of dung, water, breed and age of animals, types of feed and feeding rate. Bio-slurry can be 

used to fertilise crops directly or added to composting of other organic materials. Bio-slurry is 

an already-digested source of animal waste and if urine (animal and/or human) is added, more 

nitrogen is added to the bio-slurry which can speed up the compost-making process. This 

improves the carbon/nitrogen (C/N) ratio in the compost. But this also depends on the kind of 

digester. With the right amounts of materials, the composition of the bio-slurry can exist of 93% 

water and 7% of dry matter, of which 4.5% is organic matter and 2.5% inorganic matter with an 

NPK content of approximately 0.25% N, 0.13% P and 0.12% K.  . The bio-slurry also contains 

phosphorus, potassium, zinc, iron, manganese and copper, the last of which has become a 

limited factor in many soils. Nutrients in bio-slurry especially nitrogen, are more readily available 

for plants compared to FYM, leading to a higher short-term fertilisation effect (Bonten et al. 

2014). However, risks for N losses through volatilisation and leaching are larger for bio-slurry 

than for manure. 

Comparing bio-slurry and FYM: The main differences between bio-slurry and FYM include: 

• A lower organic matter content in bio-slurry than FYM. 

• A higher ammonium content in bio-slurry than in FYM 

• Total N content is similar, especially if ammonia volatilization during anaerobic digestion 

and subsequent bio-slurry handling is prevented. 

• P, K, Mg and Ca contents are similar. 

 

As such the effects of bio-slurry application are comparable to the effects of the application of 

chemical fertilisers with application shown to give higher yields than regular FYM or compost 

(SNV, 2015).  

 

Utilization of bio-slurry: Bio-slurry can be separated into liquid and solid fractions and stored 

separately, the solid fraction being stored in a similar manner to compost or FYM. These 

allows the separated fractions to be handled more easily. Transport of the solid fraction will be 

less costly compared with large volumes of liquid digestate.  It can also be sold as a valuable 

fertilizer, while the liquid fraction can be used close to the bio-digester. As such the bio-slurry 

can be used in different ways 

• The liquid component can be mixed in a 1:1 composition with water and applied 

directly to the soil around vegetables or fruit crops. In this form it is particularly 

beneficial for root vegetables, sugarcane, fruit trees, and for nursery seedlings. For 

large quantities, application along irrigation channels can be undertaken. 

• The solid fraction can be added to compost and used on field crops or sold as a bio-

fertiliser. 
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Many farmers prefer the dry form of bio-slurry as it is easier to transport than the liquid form. 

However, application of the dried form and is the least efficient due to losses in nutrient value. 

The composted form of bio-slurry is the best way to overcome the transportation issue related 

to liquid bio=slurry and the nutrient loss of the dried form. One part of the slurry will be sufficient 

to compost about three to four parts of dry plant materials (Warnars and Oopennoorth, 2014). 

 

Bio-slurry benefits: Bio-slurry has economic, social and environmental benefits.  

• Economic benefits: These include the production of a high-quality fertilizer and 

potentially marketable organic fertilizer, which will improve soil structure, increase soil-

water retention capacity and yields. Warnars and Oppenoorth 2014 report increase 

yields of over 90 percent in maize, over 30 percent in potato yields, over 100 percent in 

tomato yields and a 50 percent increase in milk yields by digestate applied to fodder 

crops. Other benefits include savings in not buying inorganic fertiliser (SNV 2015). 

• Social benefits: These include reduced labour and time savings, especially for women, 

in not collecting firewood or other sources of energy (Kabir, Yegbemey, and Bauer 2013; 

Mengistu et al. 2016); reduced exposure to indoor smoke and smoke-induced health 

impacts, improved air quality, improvement in household sanitation, and the absence of 

soot and ashes in the kitchen (Ghimire 2013; Mengistu et al. 2015). 

• Environmental benefits: These include improved soil health and fertility and crop 

productivity through reducing the removal of biomass, manure, and crop residues for 

fuel. At the same time, methane emissions can decline due to reduced inorganic fertilizer 

application as well as improved manure management (Mengistu et al. 2016).  Other 

environmental benefits include reduced fuelwood demand, contributing to reduced 

deforestation and forest degradation, and reduced greenhouse gas (GHG) emissions 

through substitution of fuelwood or charcoal with biogas.  Finally, aerobic pathogens are 

reduced through treatment in the digester (Smith et al. 2013; Mengistu et al. 2015, 2016). 

 

Challenges in using bio-slurry.  These include: 

• Storage:  Bio-slurry needs to be stored since it will only be required in specific periods 

of the growing season, while the bio-slurry will be produced continuously. Options for 

storage include vessels or tanks, closed or uncovered ponds or lagoons.  

• Incomplete digestion: If anaerobic digestion is not fully complete, additional digestion 

will occur during storage, when CO2, CH4 and NH3 will be released losing nutrients and 

producing damaging gases (Nicholson et al., 2002). 

• Food safety risks. The risk of pathogen contamination is lower for fresh bio-slurry than 

for fresh manure, although after storage pathogen risks are similar. 

 

5.9  PLANNING AND USING GOOD QUALITY ORGANIC FERTILISERS 

Planning:  The following factors need to be discussed by farmers and decisions made to 

prepare enough compost for a chosen piece of land: 

• Making and using organic fertilisers requires labour, so farmers and their families must 

be prepared to work hard and get good results from using it correctly. 

• Every farmer, agricultural agent, and expert working in the area should be convinced 

about the use and importance of organic fertilisers. If everyone is convinced, then all will 

be willing to work hard to get good results. 
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• Farmers and their families need to identify the materials in their fields, compounds and 

surroundings that can be used to make organic fertiliser. 

• The pits for making compost or FYM or tanks for bio-fertiliser should be near the source 

of material, like the edge of a field for weeds and crop residues, or inside or near the 

family homestead for waste from the house, home garden and animal pens. 

• Farmers living near small towns and villages may be able to arrange to collect waste 

materials from the houses, hotels, and other institutions where food is made, or have the 

waste materials brought to an area convenient for a group to make compost together. 

• The youth in a village or small town can be trained to make organic fertiliser from the 

wastes in the town, and to use it to grow their own crops or sell it to farmers. 

• Farmers should work with their development agents, supervisors, experts, and other 

persons to help them make decisions about how to make organic fertiliser depending on 

the local availability of materials, the place where it is to be made and the fields where it 

is going to be used to improve the soil and crop yields. 

Using organic fertilisers:  Since a lot of time and effort is invested in making good fertiliser, it 

is worthwhile to also put in time and effort into using it properly in the field. For instance, they 

should not be applied annually at high rates. This may overload the soil with nutrients.  

Mature compost or FYM is best stored in a pit or heap until it is needed. If it is kept dry and 

covered, mature compost can be stored for several weeks without deteriorating. Organic 

fertiliser should never be left uncovered in the rain or in the sun. It should be kept in a sheltered 

place, such as under the shade of a tree or in a shed, and covered with leaves and/or soil and 

sticks to prevent the nutrients escaping to the atmosphere, and animals trampling on and 

damaging the mature heap.  

When organic fertiliser is taken to the field, it should be taken early in the morning or late in the 

afternoon. Spreading should be done in a single day otherwise loss of nitrogen will be incurred, 

especially if it is left uncovered. The best conditions for application are when there is sufficient 

soil moisture, just before planting. Application in a dry soil causes loss of nitrogen.  

Guidelines for use. These include: 

• For crops sown by broadcasting: The organic fertiliser should be spread equally over 

the field or that part of the field chosen to be treated. It should be incorporated and mixed 

with the soil to prevent loss of nutrients from exposure to the sun and wind. 

• For row planted crops: The organic fertiliser can be spread along the row with the 

seeds or seedlings, for example in maize, sorghum and vegetables 

• For trees: The organic fertiliser should be placed at the bottom of the planting hole and 

covered by some soil when the seedling is planted. It can also be dug into the soil around 

the base of a tree seedling after planting. 

Application rates: Ideally the quantity of organic fertiliser applied should be based on the crop 

type and variety, expected yields and soil type.  It will also depend on the nutrient content. 

Guidance on the rates of application may be obtained from a nearby Agricultural Research 

Station. However, it is recognised that more research is needed to find out how much is required 

to get good yields in Ethiopia’s different agro-ecological zones.  
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However, in Tigray, it was observed that 3-6 tonnes of compost per hectare can give greatly 

improved yields, as good as, if not better than those from using chemical fertilizer (Edwards et 

al., 2007). In wetter areas, farmers found that 5–8 tonnes per hectare can improve crop yields 

significantly.  

Where no guidance is available, the following general recommendations can be applied.  

• For field crops. The rate of application should not be less than five tonnes per ha; with 

other nutrients provided by application of chemical fertilizers. The optimum rate may vary 

between 8-10 tonnes per ha. However, when compost or FYM is the only fertilizer source 

available, it should be applied at rates between four and 12 tonnes per hectare. 

However, it is recognized that rates can differ under different environmental conditions. 

• 8–10 tonnes per hectare. This can be achieved in areas where there are plenty of 

composting materials, a good water supply and labour is available. Farmers working in 

groups are more likely to be able to produce large quantities of good quality compost 

than farmers working alone. Such quantities have been achieved in Adi Abo Mossa 

village in Southern Tigray and Gimbichu district in Oromiya Regions. 

• Around 6 tonnes per hectare.  This can be achieved where there are medium amounts 

of materials, and water and labour are available. These quantities have been achieved 

by farmers working in Central Tigray near the town of Axum. 

• Around 3.5 tonnes per hectare. This can be achieved even in those areas with low 

availability of materials, if there is sufficient water to moisten the composting materials. 

Even at these rates yields can improve significantly and have been achieved by farmers 

in the semi-arid eastern parts of Tigray.  

• Smaller quantities of organic fertiliser.  If only small quantities of are made, it is 

important to apply it to a small area of land to make it as useful as possible, instead of 

spreading it thinly over a wider area. 

• Time between applications: Soil given organic fertiliser, especially compost or FYM in 

one year will not need it again the next year as the effects last for more than a single 

growing season. New compost or FYM can then be used for the part of the field that had 

no compost the previous year. Farmers that can apply the equivalent of 8–10 tons per 

hectare say that the effects last for up to three years. 

Where there are only small amounts of composting materials, for instance where farmers have 

very small plots of land, labour is short supply, possibly for women-headed households, working 

together to fill a common pit or heap can make better quality compost than working alone. 
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MODULE 6: CROP ROTATIONS 

6.1 CONCEPT 

A Crop rotation means changing the type of crop grown on a particular piece of land from year 

to year. The term includes both cyclical rotations, in which the same sequence of crops is 

repeated indefinitely on a field, and noncyclical rotations, in which the sequence of crops varies 

irregularly to meet the evolving business and management goals of the farmer. Farmers 

worldwide have rotated different crops on their land for many centuries. This agronomic practice 

was developed to produce higher yields by replenishing soil nutrients and breaking disease and 

pest cycles. It also promotes increased crop diversity and reduces mono-cropping practices.  

6.2  BENEFITS AND CHALLENGES 

Crop rotation provides many benefits for agricultural production. Most of them are associated 

with building healthier soil, breaking weed and pest life cycles. According to the EU Directorate 

General for the Environment (2012), it increases organic matter in the soil, improves soil 

structure, reduces soil degradation, and can result in higher yields and greater farm profitability 

in the long-term. Increased levels of soil organic matter enhance water and nutrient retention 

and decreases synthetic fertilizer requirements. Better soil structure in turn improves drainage, 

reduces risks of waterlogging during floods, and boosts the supply of soil water during droughts. 

Moreover, crop rotation can assist mitigate the effects of climate change. Crop rotation is used 

to control weeds and diseases, and limit insect and other pest infestations, and as a result, 

significantly reduce pesticide use. Leguminous crops in the rotation fix atmospheric nitrogen 

and bind it in the soil, increasing fertility and reducing the need for synthetic fertilizers and 

pesticides. 

Several studies in Ethiopia have also confirmed the importance of the practice both in the 

highlands (faba bean / field pea / lentil rotated with wheat or barley) and lowlands (lowland 

pulses with maize or sorghum). Farmers are often fully aware of using crop rotations to enhance 

soil fertility. However, traditionally rotation is largely between cereals and oil or root crops, with 

few legumes for many reasons, such as, availability of appropriate improved seeds, pest 

damage, and lack of awareness about the benefits. Increasing use of legumes requires an 

integrated campaign to increase awareness of the benefits of legumes. This would include 

demonstration of improved human nutrition, income-generation and soil fertility enhancement. 

To be effective an awareness-raising campaign would need to be accompanied by much 

improved availability of legume seeds, organic fertilisers, phosphorus fertilizers and (particularly 

for food legumes) integrated pest management options. 

6.3 PLANNING FOR IMPLEMENTATION OF CROP ROTATION 

While planning a crop rotation program, it is necessary to pay attention to several factors, 

including: 

• Following a legume crop with a high-nitrogen-demanding crop such maize or 

vegetables to take advantage of the nitrogen. 

• Inoculating legumes with biofertilizers at planting in order to enhance biological 

nitrogen fixation. 

• Growing the same crop only once each year on the same piece of land to decrease the 

likelihood of insects, diseases, and nematodes becoming a problem. 

• Growing some crops that will leave a significant amount of crop residues like beans, to 

help maintain organic matter levels.  
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MODULE 7: INTERCROPPING 

7.1 CONCEPT 

Intercropping is a cropping system involving the growing of two or more crops on the same piece 

of land at the same time. This farming practice is a popular crop production system used in small 

scale tropical agriculture and is common in semi-arid areas of Africa. Intercropping systems can 

include either in- or between row intercropping, strip intercropping, mixed cropping and relay 

intercropping, the choice depending mainly on the characteristics of various crops in spatial 

distribution as well as the farmer’s cropping goals. In mixed intercropping, the seeds of two or 

more crops are sown with no arrangement. For example, faba bean seed may be scattered 

amongst wheat plants. In row intercropping the main crop and intercrop are grown in separate 

rows, for example, haricot bean and maize/sorghum (Figure 15). 

 

An important reason for intercropping is the improvement and maintenance of soil fertility. An 

example is when a cereal crop such as sorghum or maize is intercropped with legumes such as 

haricot bean, cow pea, mung bean or soybean. Leguminous crops fix nitrogen thereby reducing 

the fertilizer or compost demand of the companion crop. Cereal legume-intercropping is a widely 

applied traditional technique in Ethiopia. About 20% of the total sorghum production in Ethiopia 

and 85% of the sorghum produced in eastern Ethiopia is intercropped with beans. Haricot bean, 

mung bean, cow pea and soybean are the most common legumes used for intercropping with 

maize and sorghum. 

 

In the Ethiopian Highlands, faba bean is a useful option for mixed cropping with wheat and 

barley. According to a study by Agegnehu et al (2006) at Holetta Agricultural Research 

Centre, mixed intercropping of faba bean in barley and wheat, at a density not less than less 

37.5% of the sole faba bean density, may give better overall yield and income than sole 

culture of both crops species.  

7.2 EVIDENCE OF BENEFIT 

Various researchers have reported considerably higher yields from intercropping compared with 

a pure stand. Osiru and Willey (1972) reported that up to a 25% increase could be achieved by 

intercropping maize and beans compared to growing them separately. Mongi et al (1976) found 

that alternate row intercropping gave a 34% greater monetary return than sole-cropped maize. 

In a comparative study with various legumes, Agboola and Fayemi (1972) reported an increase 

in maize grain yield over the control, when mung bean (Vigna radiata) was inter-planted with 

maize. The transfer of nitrogen from the legume to the maize was equivalent to 45 kg N/ha. The 

crop grown with or after a legume benefits in two ways, through nitrogen transfer and a residual 

N effect for the next crop.  

Intercropping has been regarded by many farmers as a technique that reduces risk in crop 

production. If one intercrop fails, the other may survive and compensate to some extent in yield, 

giving the farmer an acceptable harvest. Pest levels are often lowered in intercrops, as the 

diversity of plants hampers movement of certain pest insects and in some cases encourages 

beneficial insect populations.  

In addition, intercropping can be an ideal cropping system for carbon sequestration since it can 

enhance biomass accumulation both above and underground. 
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7.3 COMMON INTERCROPPING SYSTEMS  

Common crop combinations in intercropping systems in Ethiopia are cereal-legumes, 

particularly maize-cowpea, maize-soybean, maize-pigeon pea, maize-groundnuts, maize-

beans, sorghum-cowpea, millet-groundnuts (Beets, 1982).  

With maize/sorghum-cowpea/haricot bean intercropping, maize/sorghum is planted in rows 75 

cm apart, cowpea/haricot bean is planted in rows midway between maize/sorghum rows with 

in-row spacing of 15 cm. Haricot bean/cow pea could be planted simultaneously during 

maize/sorghum planting. It can also be sown during ‘Shilshallo’ time by row planting or 
broadcasting. Intercropping at 75% of the plant density of haricot bean / cowpea / soybean into 

100% plant density of maize/sorghum is recommended. For mixed cropping of barley and wheat 

with faba bean, 50-70 kg/ha of faba bean is planted with the full recommended rate for wheat 

and barley. 

Figure 15:  Maize-bean intercropping and mixed cropping 

 
 

 

Shishallo: Farmers in semi-arid regions of Ethiopia plant sorghum and maize at a high seed 

rate to ensure enough plant stands. Then they cultivate the land through a practice called 

shilshallo to reduce the plant stands, breaking the soil crust and thereby improving both water 

infiltration and weed control. The main problem with this practice is that it was not performed 

at the correct plant stage, leading to substantial plant loss due to plant breakage and 

consequently grain yield loss. This problem was improved though research. Growth and yield 

can be enhanced when shilshallo was undertaken earlier at the 6-8 leaf stage for sorghum 

and 4-6 leaf stage for maize, compared to the farmers practice when shilshallo was 

undertaken at the 10 leaf stages for both crops. 
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7.4 PUSH–PULL INTERCROPPING  

Push-pull can be described as a climate-smart innovation based on companion or inter-

cropping, which addresses three constraints in cereal production, declining soil fertility, stem 

borer and Striga, while increasing grain yield without the use of external inorganic inputs. Push-

pull is intended to provide continuous soil cover with a perennial cover crop and plant residue, 

as well as a diversified cereal-legume-fodder intercropping practice. The perennial intercrop 

provides live mulching, agro-biodiversity and a food web of natural enemies of stem borers 

(Khan et al, 2006; Midega et al, 2015). Furthermore, it improves soil health and conserves soil 

moisture. These companion plants release behaviour-modifying stimuli (plant chemicals) to 

manipulate the distribution and abundance of stem borers and beneficial insects for 

management of the pests (Figure 16). The system relies on an in-depth understanding of 

chemical ecology, agro-biodiversity, plant-plant and insect-plant interactions.  

Figure 16: Push-Pull technology 

 

Source: Khan et al, 2015 

• Push-pull involves intercropping cereal crops with a moth repellent forage legume 

Desmodium (the Push) and an attractive trap plant such as Napier or Brachiaria grass 

(the Pull) planted as a border crop around the intercrops. Stem borer females are 

repelled from the main crop and are simultaneously attracted to the trap crop (Cook et 

al, 2007). The companion plants can be valuable themselves as animal fodder, thereby 

facilitating livestock integration. Desmodium can also be effective in suppressing the 

Striga weed, while improving soil fertility by fixing nitrogen and improving soil organic 

matter. Both companion plants can provide valuable fodder thus allowing integration of 

crop and livestock production. Use of drought tolerant Brachiaria and green leaf 

Desmodium as border and intercrop plants, provide effective control of stem borers 

and Striga, resulting in significant grain yield increases (Khan et al, 2006). 
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MODULE 8: CROP RESIDUE MANAGEMENT AND 

MULCHING 

8.1  CONCEPT AND PRINCIPLES 

Mulching is the covering of the soil with crop residues such as straw, weed biomass, leaf litter 

and dry grasses. Once they have rotten and decomposed, mulch forms humus and adds to the 

organic matter in the soil. Mulching is important for the prevention of soil erosion, addition of 

organic matter to the soil, regulating the soil temperature, increasing soil microorganism and 

biological activity, weed suppression, increasing water retention, and decreasing evaporation 

from the soil surface. It is important to ensure that sufficient mulch is maintained as soil cover 

to reduce evaporation of soil moisture and to discourage growth of weeds. It is an important 

component of conservation farming. 

Although crop residue mulching is an ancient practice, its application is even more relevant now 

than ever before, because of the scarcity of agricultural land, the ecological benefits of nutrient 

re-cycling and optimizing rates of fertilizer input, and severe problems of land degradation. It is 

an ecological approach to addressing the problem of sustainability and nutrient cycling.  

Crop residues are a renewable resource, and annually a large quantity is produced. Crop 

residues produced in the world during 2001 were estimated at 3,758 million metric tonnes of 

which 2,802 million tonnes (75%) were from cereals, 305 million tonnes (8%) from legumes, 

and 651 million tonnes (17%) from other crops (Table 12 and 13). The amount of residues 

produced by seven crops in the tropics is estimated at 1838 million tonnes per year. Effectively 

use, these residues could cover the entire arable area with mulch at a rate of 2.53 tonnes per 

ha. Therefore, crop residues are an important resource that need to be carefully and judiciously 

used for sustainable use of soil, water and other natural resources. 

Table 12: Estimated crop residues produced by cereals, legumes, and other crops 

Crop Residue produced (106 ton/yr) 

1991 2001 

Cereals 2563 2802 

Legumes 238 305 

Oil crops 162 108 

Sugar crops 340 373 

Tubers 154 170 

Total 3448 3758 

Source: Lal, R, 2005 

8.2  CROP RESIDUE MANAGEMENT 

The management of crop residues is important for mulching. Crop/plant residues, produced by 

annuals or perennials, either in situ or ex situ (cut and carry), used as mulch can improve soil 

health, increase productivity and sustainability, and enhance environmental quality. There are 

four principle alternatives for using crop residues: 1) mulching, 2) animal feed, 3) composting, 

and 4) burning. Although using residues as a mulch is the best option for controlling soil erosion, 

conserving soil water, and at the same time replenishing plant nutrient reserves, it is recognised 

that crop residues are also important for providing livestock feed and making compost.  

Conservation tillage requires that at least one third of the ground is covered.  

Table 12: Estimated crop residues produced in the tropics  



 

54 

 

Crop Asia Africa South America 

Rice straw 772 26 24 

Rice husk 154 5 5 

Wheat 380 27 26 

Barley 34 7 2 

Sugarcane 54 9 42 

Cotton 6 0.3 0.07 

Oat 2 0.3 2 

Maize 166 39 55 

Total 1568 114 156 

Singh, Y, Singh, B; Timsina, J. 2005 

8.3 BENEFIT OF USING CROP RESIDUE MULCH FOR NUTRIENT CYCLING AND SOIL 

FERTILITY  

Severe nutrient depletion can be controlled through nutrient cycling. Depending on plant species 

and management systems, crop residues contain a considerable amount of plant nutrients. The 

total annual plant nutrients in crop residues worldwide are 22.6 million tonnes of N, 3.6 million 

tonnes of P, 47.4 million tonnes of K (Table 14). Annual estimates of global fertilizer use are 

113 million tonnes of NPK compared with 74 million tonnes contained in crop residues.  

Table 14: Nutrient contained in crop residues of cereals and legumes produced in the world 
(million tonnes/year) 

Nutrient Plant nutrients in 

residues 

Fertilizer use 

Nitrogen (N) 22.62 77 

Phosphate (P) 3.58 16 

Potash (K) 47.39 20 

Calcium (Ca) 12.11 --- 

Magnesium (Mg) 6.16 --- 

Total N+P+K 73.59 113 

Source: Lal, R. 1995 

Estimates of N, P and K contained in crop residues in the world and in developing countries are 

shown Table 15, 16 and 17 respectively. Thus, re-cycling of nutrients contained in the residue 

is an important factor affecting soil quality and agronomic yields. It is feasible, therefore, that a 

considerable quantity of fertilizer can be saved by returning crop residues to the soil. Indeed, 

mulching and residue management are effective nutrient cycling mechanisms.  
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Table 15: Estimates of N contained in crop residue (103 Mg) 

Crop Asia Asia and South 

America 

World 

Rice 4862 328 5,346 

Wheat 1899 308 5,651 

Barley 222 60 1,521 

Sugarcane 226 212 526 

Cotton 64 4 69 

Oats 15 12 325 

Maize 781 788 5393 

Total 8069 1712 18,832 

Singh, Y, Singh, B; Timsina, J. 2005 
 

Table 16: Estimates of P contained in crop residue (103 Mg) 

Crop Asia Africa and South 
America 

Rice 772 53 

Wheat 266 37 

Barley 31 8 

Sugarcane 43 40 

Cotton 10 1 

Oats 4 3 

Maize 216 149 

Total 1342 291 

Singh, Y, Singh, B; Timsina, J. 2005 

 

Table 17: Estimates of K contained in Crop residue (103 Mg) 

Crop Asia Asia and south 

America 

World 

Rice 4,600 446 5,322 

Wheat 2,355 418 7,758 

Barley 235 73 2,374 

Sugarcane 361 338 839 

Cotton 64 4 69 

Oats 40 32 852 

Maize 1,230 1013 6,824 

Total 8,885 2324 24,038 

Singh, Y, Singh, B; Timsina, J. 2005 

8.4 CHALLENGES 

Biomass, the principal mulch material, has numerous alternative uses especially for resource 

poor farmers. Crop residues are used for feeding livestock, for building fences and homesteads, 

and as fuel for cooking and household energy use. It is a precious commodity, and often little, 

if any, is left behind on the field as mulch on small farms.   
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MODULE 9: GREEN MANURES AND COVER CROPS  

9.1 CONCEPT AND PRINCIPLE 

Green manures are plants that are deliberately grown for the purpose of incorporation into the 

soil to improve the organic matter content and soil fertility. Leguminous plants are largely used 

for green manuring due to their ability to fix biological nitrogen, their drought tolerance, quick 

growth, and adaptation to adverse conditions. Sometimes green manures are referred to as 

cover crops as their roles are similar. While the main purpose of growing a cover crop is to cover 

the soil with a low vegetation cover to protect the soil from exposure to sun and rain as well as 

to suppress weeds.  Green manures are grown with the prime purpose of building as much 

biomass as possible. However, they also play a role in covering the ground and protecting it 

from solar radiation and soil erosion. Crops which serve both these functions are often referred 

to as green manure cover crops. 

Green manures supply the soil with great amounts of fresh biomass. After incorporation into the 

soil, the biomass is quickly decomposed by soil organisms within about two weeks under humid 

and warm conditions. Most nutrients are then readily available to a new crop. A small proportion 

is also transformed into stable soil organic matter, contributing to better soil structure, better 

aeration, improved drainage and increased soil water and nutrient holding capacity. 

Green manure cover crops also help to stop the soil from being carried away by wind and rain 

by providing a ground cover during their growth.  They also have a root system that holds the 

soil in place. As they contribute to increasing soil humus, they also contribute to improving soil 

structure, improving water infiltration and reducing the susceptibility of the soil to being carried 

away by run-off water. 

9.2 ESTABLISHMENT AND MANAGEMENT OF GREEN MANURES 

Selection of the species best adapted to the area: In Ethiopia, some of the crops used for 

green manuring include lupins, lablab and vetch (Figure 17). Vetch is adapted to altitudes 

ranging between 1800-2500 metres above sea level (Seyoum and Cajuste 1980), while lablab 

has been grown in the ‘Kola’ and ‘Weina dega’ agro-ecological zones.  

Figure 17: Lupin, vetch and labab green manure crops 

Lupins (Lupinus species) have been successfully grown in several areas in Amhara region, 

where they are a hardy annual leguminous green manure that has tap roots that dredge up 

minerals. They can also fix free nitrogen more so than peas or beans. The long roots also help 

to break up and aerate heavier soils and allow more soil moisture retention with the addition of 

humus from the breakdown of the roots in the soil. They produce a blue flower, although it is 

best to cut the plant down and dig in before flowering to prevent seeding and consequently 
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becoming a nuisance in other crops.  Other green manures that can be considered include 

Crotelaria, Mucuna, Canavalia, Tefrosia and Stylosanthus species. 

Planting the green manure cover crop:  Green manures can be grown prior to cereal row 

crops such as maize, millet sorghum or teff. To avoid or reduce competition with the crop, the 

green manures are usually sown toward the middle or the end of the growing season, when the 

crop is well established or near maturity. In this situation, known as relay cropping, major growth 

of the green manure occurs during the dry season after the harvest of the main crop or early 

rains. This has the advantage that the green manure uses land that normally would not be under 

cultivation 

For instance, in Amhara, lupin should be planted typically in March using a high quality, 

inoculated legume seed, planted at a high seeding rate (240kg/hectare) aiming for incorporation 

into the soil in June, prior to planting a cereal crop. 

Incorporation into the soil: Green manures are ideally allowed to grow up to the flowering 

stage, when biomass is greatest and the plant material will still easily decompose, as it is still 

green and not yet woody. The green manure is then incorporated into the soil during land 

preparation. The biomass is then broken down quickly by soil organisms, allowing the nutrients 

to become available. Within a few months the green material will be completely decomposed.  

Young and succulent material should be incorporated at least two months before the new crop 

is sown, because in the initial period of decomposition, substances are released that can 

damage the young sprouted plants or can make the root ends sensitive to damage by pathogens 

(Figure 18).  

Figure 18: Lupin incorporation into the soil prior to land preparation and planting a cereal crop 

Benefits of using a green manure crop: These include protecting the soil from wind or water 

erosion, shading the soil and reduce soil moisture loss, increasing soil biological activity, 

reducing nutrient leaching loss, suppressing weeds, providing animal fodder and increasing 

yield of crops that follow. 

9.3 CHALLENGES 

Green manuring as a soil fertility management option is a recent innovation for most Ethiopian 

farming systems and consequently not often practiced, the main reason being a lack of 

awareness about the potential benefits.  Also, many farmers seek an immediate economic 

product, such as grains, from the crop that is grown.  

Before implementation, technology awareness creation among different stakeholders will be an 

important activity. It will also require access to seed of an appropriate green manure crop. 
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MODULE 10: BIOLOGICAL NITROGEN FIXATION (BNF) 

10.1 CONCEPTS AND PRINCIPLES  

Nitrogen is the most important element for all forms of life as it is the main building blocks of 

nucleic acids, enzymes, proteins and chlorophyll. Accordingly, all forms of live bacteria, fungi, 

green plants, and animals of all kinds cannot grow and function unless they acquire nitrogen in 

an acceptable form. 

Nitrogen (N) is not a scarce element on earth. There is of course a vast amount of elemental 

nitrogen in gaseous form in the earth's atmosphere (78%), dissolved in the oceans, and in both 

forms in soil and certain rocks. However, plants and animals cannot of themselves make use of 

elemental nitrogen. Thus, gaseous nitrogen is always present in air spaces in plant tissues, but 

not utilized. Likewise, animals inhale air and reject the nitrogen. 

For nitrogen to become biologically available, atmospheric nitrogen must be transformed or 

“fixed” from its inert gaseous form (N2) to ammonia (NH3), which can then be assimilated into a 

variety of important bio-chemicals. This transformation, which requires a large amount of energy 

to break apart the triple-bonded N atoms that comprise gaseous N2, is called nitrogen fixation. 

Nitrogen is fixed naturally through energy-releasing abiotic processes such as lightening, forest 

fires and volcanic activity. These processes produce oxides of Nitrogen in the atmosphere that 

subsequently dissolve in rain and descend to the ground as NH3 molecules. Approximately 12% 

of annual global nitrogen fixation is fixed in this way (Bezdicek & Kennedy, 1998).  

Fertilizer production requiring high temperatures and pressures in the Haber-Bosch process 

occurs widely and accounts for approximately 20% of annual global nitrogen fixation (Bezdicek 

& Kennedy, 1998). However, the process is fossil-fuel intensive and consumes 3-5% of the 

world’s natural gas annually (Myrold & Bottomley, 2007). For industrially fixed nitrogen, it has 

been estimated that for one unit of nitrogen two units of oil are required.  

However, nitrogen fixation occurs through the normal metabolic activity of many prokaryotic 

microorganisms, known as diazotrophs, through a process commonly referred to as biological 

nitrogen fixation (BNF). Globally, an estimated 193 x 106 tonnes of Nitrogen are fixed through 

biological nitrogen fixation each year. BNF is an ATP-demanding process that is catalysed by 

the enzyme complex known as nitrogenase, which is found in many members of Bacteria and 

Archaea (Galloway et al., 2008). Terrestrial biological nitrogen fixation is undertaken by a wide 

diversity of N2-fixing organisms, called diazotrophs which can fix Nitrogen in the free-living state, 

or in association with plants (Table 18 and 19).  

Table 18: Different types of nitrogen fixing system 

Association Type Microorganism Host plants 

Symbiotic 

Bacteria (e.g. Rhizobium) Legume 

Actinomycetes (e.g. Frankia) Actinorhiza 

Cyanobacteria (e.g. Anabaena azollaea) Fern 

Non Symbiotic Bacteria (e.g. Azotobacter ,Azospirillum) Cereals 

Free living Bacteria (e.g.Thiobacillus Clostridium)  
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Table 19: Amounts of N2 fixed by different agents in agricultural systems 

Modified from Ledgard and Giller 1995 

10.2 SYMBIOTIC NITROGEN FIXATION 

Our main interest in this technical manual centres on the legume-Rhizobium symbiosis. 

Rhizobium is the predominant symbiotic nitrogen fixing bacterium. Symbiotic N 

fixation by a legume-Rhizobium association is the major and well-exploited biological contributor 

of fixed nitrogen in soil-based ecosystems. This supplies about 64% of the biologically fixed 

nitrogen in terrestrial agricultural systems. 

The legume and Rhizobium symbioses is a well-known mutualism involving plants from the 

angiosperm family Leguminosae (synonym Fabaceae) and bacteria belonging to the family 

Rhizobiaceae (Postgate 1998). In this symbiosis, diazotrophic soil bacteria belonging to the 

genus Rhizobium (or closely related genera) seek out and infect roots of suitable legume plant 

hosts using a complex chemical signalling system. Bacteria then colonize certain root cortex 

cells and initiate formation of a new plant organ, the root nodule. Bacteria proliferate within the 

root nodule cells and then differentiate into a nitrogen fixing form called a bacteroid, to fix N2. 

The plant vascular system is continuous with that of the root nodule, which enables newly fixed 

N to be rapidly translocated to other parts of the plant most in need of Nitrogen. Energy for BNF 

is provided to the bacteroids from plant photosynthesis and the oxygen concentration in root 

nodule cells is tightly regulated by an iron containing protein similar in composition to 

haemoglobin called leghaemoglobin. Bacteroids in this co-adapted symbiosis are capable of 

high rates of BNF, up to 600 kg/ha per year, particularly when compared to BNF in the 

rhizosphere (15-25 kg/ha per year) or by free-living diazotrophs (3-5 kg/ha per year). 

The nodule bacteria (Rhizobium radiclcola), living symbiotically with legumes under favourable 

living conditions can accumulate 100-200 kg/ha of nitrogen or even more through the vegetative 

period if yields are high (see Table 20). The actual quantity of accumulated nitrogen depends 

on the type of legumes, yields and soil properties. 

  

N2-fixing agent 

 

Range measured 

(kg N/ha per crop or 
year) 

Range commonly 
observed 

(kg N/ha per crop/year) 

Free-living 
Heterotrophic bacteria 1–39 <5 

Cyanobacteria 10–80 10–30 

Associative Tropical grasses/Crops 
0–45 10–20 

0–240 5–65 

Symbiotic 

Azolla 10–150 10–50 

Green manure legumes 5–325 50–150 

Pasture/forage legumes 1–680 50–250 

Crop legumes 0–450 30–150 

Trees/shrubs 5–470 100–200 
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Table 20: Amount of nitrogen accumulated by different legumes in one cropping season 

Legumes species Accumulated nitrogen Kg/ha 

Clover (Trifolum pretense) 150-160 

Lupine (Lupines polyphyllus) 160-170 

Alfalfa (Medicago sativa) 250-300 

Vetch (Lathyrus sativa), kidney bean (Phaseolus vulgaris) 70-80 

Mung bean/green gram (Phasoeolum aureus) 63-342 

Pigeon bean (Cajanus Cajan) 168 

Soya bean (Glycine max) 64-206 

Centrose pubescens (Panicum sp) 126-395 

Green leaf (Desmodium intortum) 406 

Leucaena (Leucaena leucocephala) 74 

10.3 PROMOTION OF RHIZOBIUM INOCULANTS 

Rhizobia inoculants are selected strains of beneficial soil micro-organisms cultured in a 
laboratory and packed either with or without a carrier. They are host-specific, low cost and an 
environmentally friendly source of nitrogen.  

Inoculation is defined as the addition of effective rhizobia to leguminous seeds prior to planting 
for the purpose of promoting symbiotic nitrogen-fixation. Rhizobia inoculants coated on legume 
seeds before planting enhance the growth and yield of legume crops and provide nitrogen and 
organic carbon for subsequent or associated crops. Inoculation is necessary in most agricultural 
soils throughout the world.  
 
When is it necessary to Inoculate? Inoculation is recommended when the field has no history 

of growth of a particular legume. Inoculant rhizobia can remain viable in the soil without the 

presence of a legume for a few years, and then be ready to form nodules when its host plant is 

sown. Specifically, inoculation is recommended if the field has been out of host plant production 

for 3–5 years or has never been planted to the host.  

Further, inoculation can help increase rhizobia populations in fields with unfavourable 

environmental conditions for the bacteria's long-term survival, such as when the pH is below 

6.0, in extremely sandy or highly degraded soils with low organic matter content, and where 

soils are periodically-flooded.  

Rhizobium inoculants can increase legume grain yields by 10-45 per cent.  Since they rarely 

cost more than Birr 350 per ha in sub Saharan Africa, they are a cheap way to increase legume 

yields with little financial risk.  More importantly, inoculant use helps to make phosphorus 

fertilisers viable. P-fertiliser is much more expensive than inoculant and the additional yield 

obtained due to inoculation when applied together with P fertiliser more than covers the cost of 

the fertiliser and other inputs (Giller and Ronner, 2019). Suitable fertilisers include single or triple 

superphoshate (SSP or TSP).  
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Table 21: Rhizobia species in commercially available inoculants for legume crops in Ethiopia 

Type of inoculant (Rhizobia) Crop 

Rhizobium leguminosaru vicae 
Faba bean / Field pea 

 

Mesorhizobium cicer Chick pea 

Bradyrhizobium japonicum Soybean 

Rhizobium leguminosarum Lentil 

Ensifer meliloti Alfalfa 

Rhizobium leguminosarum phaseoli Common bean 

Bradyrhizobium elkanii Cowpea 

Rhizobium spp Groundnut 
New and improved strains of rhizobia are to be launched regularly because of ongoing research,  so better 
products may be available in the future. Source: EIAR, 2003 

Seed inoculation process: Users should inoculate only the amount of seed that can be planted 

that same day. The information in Table 22 can be used to calculate the amount of inoculants 

to use on the seed that are be planted that day, considering the labour that is available. When 

planting inoculated seeds, they should be covered immediately with soil to protect the seeds 

from the damaging effects of sunlight. 

Table 22: Inoculants amount and quantity of seeds 

Amount of 

inoculant 

(gram) 

Quantity of seeds (kg) and area coverage (ha) 

Faba bean* Soybean* Lentil* 

Seed 

rate(kg) 
Area (ha) 

Seed 

rate(kg) 
Area (ha) 

Seed 

rate(kg) 
Area (ha) 

125 18 0.125 20 0.25 21 0.25 

250 36 0.25 40 0.5 42 0.5 

500 72 0.5 80 1 84 1 

* The above three legumes represent larger (faba bean), medium (soybean) and smaller (lentil) seed size 
Source: Ethiopian Institute of Agricultural Research, 2003 
 

In Ethiopia, inoculants were previously only produced by the National Soil testing Centre and 
only on a small scale.  A new private enterprise Menagasha Biotech Industry PLC was 
established in 2012 to produce and marker rhizobium inoculant products.  It has now expanded 
its operations with support from N2Africa and the Alliance for a Green Revolution in Africa 
(AGRA).  This enabled Menagasha Biotech to multiply and distribute improved chickpea 
varieties and fertilisers in the major chickpea growing areas of the country, alongside training of 
farmers and other stakeholders in the chickpea value chain (Giller and Ronner, 2019).  
 
Inoculants can be obtained from Menagasha Biotech which produces and supplies Rhizobia1.   
 
Access to high quality legume seed: Experience has shown that as improved legume 
technologies are adopted, there is often increased demand for legume inputs, including 
improved seed varieties. Access by farmers is often a challenge.  Local seed producer groups 
can bridge the gap in the legume seed sector as commercial seed companies or cooperatives 
are often less interested in promoting grain legume seeds as farmers can re-use improved seed 
varieties for several years.  

                                                           
1 For further information contact Dr Asfaw Hailemariam (mobile 0911411318, email: 

asfawhailemariam@yahoo.com or asfarwhailemariam@gmail.com 

mailto:asfawhailemariam@yahoo.com
mailto:asfarwhailemariam@gmail.com
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Seed inoculation Steps: The following steps are recommended by the Ethiopian Institute of 

Agricultural Research (2003) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Step 1: Measure clean 

seed sufficient to be 

planted on the same 

day and transfer it to a 

container. 

Step 2: Fill a 300 ml 

soda bottle with 

lukewarm water and 

transfer the water into 

500 ml plastic bottle for 

easier mixing. 

Step 3: Add two 

tablespoons of table 

sugar to the water and 

mix thoroughly to get 

an even solution of the 

sugar. The solution is 

called the sticker. 

Step 4: Add some 

sticker to the weighed 

amount of seed to be 

planted that day. Mix 

until all the seeds are 

evenly coated with the 

sticker. 

Step 5: Inspect the inner 

inoculant transparent bag for 

any fungal growth (shagata). 

If there is no foreign growth, 

shake the entire contents 

very well until all clods are 

broken. Open the inoculant 

sachet under the shade and 

pour the recommended 

amount onto the moistened 

seeds (see Table 5). 

Step 7: Cover or put 

inoculated seed in the 

shade, if necessary. Do 

not expose coated seeds 

to direct sunlight for a long 

time, or else the N-fixing 

bacteria will die before the 

seed is planted. 

Step 8: Plant seeds 

immediately after 

inoculation. The seed 

needs to be covered in soil 

immediately and not 

exposed to harmful sunlight 

Mix and plant the next 

batch of seeds by 

repeating steps 1, 4 6, 7 

and 8 until the whole field 

is planted 

Step 6: Mix seed and 

inoculant by slowly 

shaking until all the 

seeds are uniformly 

coated. Be careful not 

to split the seeds or 

peel the outer coat by 

using excessive force. 
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Planting inoculated seed 

The best environmental conditions for planting are: 

• When the rains are well established, and the soil is moist. Either too wet or too dry 

conditions at planting will retard germination process and therefore slow the 

colonization of the roots by the bacteria in the inoculant. 

• When the sunshine is not excessive, such as on cloudy days, early in the morning or 

late in the afternoon. 

Evidence of effective inoculation 

The following are signs suggesting the presence of effective inoculation of rhizobia on crops: 

 

1. Nodules should be visible 1 month after 

planting. 

 

 

 

 

 

 

 

 

2. Concentration of nodules on the upper 

main root. 

 

 

 

 

 

 

 

 

3. Nodule size, colour and number at 

flowering:  

 

Size – larger and firm nodules have formed 

Colour – Nodules are pink/reddish brown 

when cut opened.  

 

When a root nodule is cut open and the 

inside is pink/red. This shows the nodule is 

active and fixing lots of nitrogen for the plant. 
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Figure 19: Formation of root nodules 

 

An example of successful promotion of inoculants: The Pawe Public Private 
Partnership  

The Pawe Public Private Partnership or PPP consists of three public bodies, the Pawe 
Agricultural Research centre (PARC) the District Bureau of Agriculture (BoA) and the 
Ethiopian Institute of Agricultural Research (EIAR).  The private sector comprised the AKF 
animal feed processing company, a commercial inoculant producer Menagasha Biotech 
Industry (MBI) and a commercial farm, Tesfar Farm that provided high quality soya bean 
seed.  The Mama Farmers’ Cooperative Union was the heart of the PPP, through which 
15,000 farmers participated  

The Pawe PPP succeeded in ensuring access by farmers to legume inputs particularly soya 
bean seed and inoculant. Promotion of both resulted in increased demand from farmers. At 
the same time the PPP succeeded in ensuring farmer access to the soya bean grain market, 
with the Mama cooperative playing a key role in bulking and delivering high quality soya bean 
grain to the feed processing company. 

Source: Giller and Ronner, 2019. 
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MODULE 11: SOIL ACIDITY MANAGEMENT 

11.1 CONCEPT AND PRINCIPLES 

Soil acidity is a term used to describe acid soils; these being soils with a pH value of <7.0 

(Gregorich, 2001). When used as a quantitative term, soil acidity refers to the total acidity 

contained in each soil or soil horizon. Soil pH is a measure of the negative logarithm of hydrogen 

ion activity in the soil solution and is used as an indicator of the degree of acidity or alkalinity in 

soil (Table 23).  

 

Table 23: Descriptive terms commonly used to describe the degree of soil acidity or alkalinity  

Descriptive terms pH range 

Extremely acid <4.5 

Very strongly acid 4.5 – 5.0 

Strongly acid 5.1 – 5.5 

Moderately acid 5.6 – 6.0 

Slightly acid 6.1 – 6.5 

Neutral 6.6 – 7.3 

Slightly alkaline 7.4 – 7.8 

Moderately alkaline 7.9 – 8.4 

Strongly alkaline 8.5 – 9.0 

Very strongly alkaline >9.1 

 
Soil acidity is now a serious threat to crop production in most areas in the highlands of Ethiopia. 

Currently, it is estimated that over 40% of the total arable land of Ethiopia is affected by soil 

acidity (Abdenna et. al., 2007, Desta Beyene 1988). The area affected extends from south-west 

to north-west with east-west distribution, concentrated mainly in the western part of the country 

including the lowlands, but limited by the eastern escarpments of the Rift Valley. In the area 

affected, 27.7 percent is moderate to weakly acidic (pH of 5.5 - 6.7); 13.2 percent is strongly to 

moderately acidic (pH < 5.5) and nearly one-third has an aluminium toxicity problem (Schlede, 

H., 1989). 

 

A site specific study of soils around Asosa and Welega revealed that 67 percent had a pH values 

of less than 6 and were very strongly to strongly acidic of these, 2.2 percent were extremely 

acidic (pH<4.5), 34 percent were very strongly acidic (pH = 4.5 to 5.0), 32.8 percent were 

strongly acidic (pH = 5.1 to 5.5.) and 27 percent were moderately acidic with pH range of 5.6 to 

6.0. Of the total, only three percent were slightly acidic (pH = 6.1 – 6.5), and 1 percent neutral.  

 

The strongly acidic soils are found in ecologies, which receive or have historically received high 

rainfall and have warm temperatures much of the year, including western and south western 

parts of Ethiopia, the central highlands, and the high rainfall areas of north western part of the 

country. Moderately acidic soils (pH 5.5-6.5) are distributed through much of the rest of the 

country (Taye Bekele, 2008). 

  

With regard to soil types, some of the Alfisols, most of Oxisols and Ultisols can, for the most 

part, be considered as the acid soils in Ethiopia They occur on the west, north-western, south-

western and southern part of the country and accompanying lowlands. They are found in the 

gently sloping to steep land within the slope range of 2 to 16 % slopes on flat and undulating 

lands, low plateaus, gentle hills and mountains side slopes (Mesfin Abebe, 2007). 
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11.2 WHY DO SOILS BECOME ACIDIC? 

Soils become acidic when a considerable portion of the exchangeable cations are hydrogen, 

H+, and various forms of hydrated Aluminium. Although some soils develop from acidic parent 

materials, most develop because of leaching. As water, containing hydrogen cations from 

various weak acids, such as carbonic and organic acid, moves through the soil, some of the 

hydrogen cations replace absorbed exchangeable cations, such as Ca++, Mg++, K+ and N+. 

Water then carries the removed cations deep into the soil profile or into the ground water. The 

process is known as leaching. These changes continue to alter the soil, requiring decades and 

centuries for completion or a near equilibrium stage to be attained. The hydrogen cations in 

water mainly result from carbon dioxide from decomposing organic matter and root respiration 

dissolving in water to form a weak carbonic acid (C02 + HOH ---→H2C03
- + H+). These acidified 

waters percolate through the soil to gradually cause soil acidity. Percolating water continuously 

moves small amounts of Hydrogen, which replaces solubilized basic elements of calcium, 

magnesium, potassium and sodium. These replaced basic elements are leached from the root 

zone.  

11.3 EFFECTS OF ACIDITY ON CROP GROWTH AND PRODUCTIVITY 

Soil acidity affects the growth of crops (Figure 20), because acidic soil contains toxic levels of 

aluminium and manganese and is characterized by deficiency of essential plant nutrients such 

as P, Ca, K, Mg, and Mo (Wang et. al., 2006; Tisdale et. al., 1985).  

Figure 20: Impact of soil pH on nutrient availability 

 

Source: Ketterings et al. (2005.) 

On the other hand, such soils have favourable physical characteristics. Their physical properties 

differ from other soils with similar clay content due to stable micro-aggregates related to the 

abundance of iron and/or aluminium oxides that forms complexes combined with humus to 

produce strong aggregates and permeable structures that present water and air permeable 

rooting zone, such conditions favour the proliferation of large soil volume at depth by roots 
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11.4 MANAGING ACID SOILS 

Existing management practices of acid soils by farmers 

Acid soils occupy a huge part of the country. Although the fertility status of these soils is poor 

due to the intense leaching of nutrients, small holder farmers are growing a wide range of crops. 

These include cereals such as maize, sorghum, barley wheat, millet and tef; roots such as 

anchote and enset; tubers such as potatoes; pulses like field peas, faba bean, chickpeas; spices 

such as ginger; stimulants such as coffee, tea and chat; fruits such as banana, pineapples, 

citrus etc. Some of these are cultivated around homesteads where farmers apply manure. Other 

than its role in soil fertility enhancement, manure is a good amendment to ameliorate soil acidity. 

Crop rotation also restores soil fertility, where fertilizers are not used to any great extent. Further, 

beans often inter-sown with maize or sorghum in some regions, have increased the productivity.  

 

In Southern Nations, Nationalities and Peoples Regional State, Oromia, pockets of Benshangul 

Gumez, and Amhara National Regional States, coffee and tea are grown on these soils. These 

acid soils called nitrosols are regarded as the coffee soils of Ethiopia. Currently, coffee is 

cultivated organically in these areas through addition of manure, compost, and crop residues, 

all of which constructively mitigate soil acidity. 

 

 Recommended management practices 

Addition of organic matter: Existing farmers’ practices which include compost use, manure 
application and green manure are the best practices to increase organic matter. Hence they 

should be promoted and scaled-up. Any addition of organic matter is a viable option to manage 

problems associated with soil acidity. Organic matter increases the cation exchange capacity of 

the soil. As the base saturation increases, the relative amount of “acid cations” decreases. In 
addition, organic matter forms strong bonds, known as “chelates,” with aluminium. Chelation 
reduces the solubility of aluminium and soil acidity.  

However, addition of organic matter should not be considered as a total substitute for lime. 

Liming acid soils has several immediate consequences other than raising soil pH. It increases 

the lime potential and the calcium ion concentration in the soil solution, which ultimately results 

in the displacement of aluminium ions from the soil. 

Addition of lime: Lime is capable of neutralizing soil acidity by increasing soil pH. Extreme 

acidity (pH below 5) is especially problematic to manage with only addition of organic matter. It 

needs liming. Currently, there is a massive campaign in Ethiopia coordinated by Federal Ministry 

of Agriculture to treat acidic soils with lime aimed at increasing the productivity of acidic soils. 

Along with other inputs, acid soils can be ameliorated with lime to make them highly productive 

on a sustainable basis. There are vast lime resources within Ethiopia, and these can be 

exploited. These include marble, limestone, dolomite, and marl from the Proterozoic, Mesozoic 

and Cainozoic eras.  

When applying lime, appropriate placement is important since lime particles do not move readily 

in the soil. Lime must be placed where it is needed and completely mixed with the soil to ensure 

a uniform distribution (Figure 21). For instance, lime applied on the surface of an acid sub-soil 

could lead to transitory effects, since it does not readily and substantially move to effectively 

bring about the intended soil reaction change for fertility improvement. This means that deeper 

ploughing would be necessary for thorough blending with the soil. 
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The calculation of lime requirement should be done in close consultation with regional soil 

laboratories and research institutes. 

Figure 21: Lime transport, spreading and incorporation 

 

Selection of tolerant crops: Cultivated crops vary in their tolerance to soil acidity (Table 24). 

Therefore, selecting and growing species and varieties adaptable to acidic soils is one solution 

(Scott et al., 1997). The increase in pH after adding lime is temporary. Lime needs to be 

reapplied regularly. This is labour-intensive and often prohibitively expensive. It is thus important 

to use acid-tolerant crops or varieties, which can produce reasonable yields in low pH soils. In 

most cases, this means that they can also withstand high concentrations of aluminium. 
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Table 24: different field crops with their optimum ranges of soil reaction 

No Plant Optimum PH 
range 

Plant Optimum PH 
range 

1 Barley 6.5-8.0 Potato 4.8-6.9 
2 Corn 5.5-7.5 Sugar cane 6.0-8.0 
3 Oats 5.0-7.5 Strawberry 5.0-6.0 
4 Rice  5.0-6.5 Eucalyptus 6.0-7.0 

5 Rye 5.0-7.0 Ironwood 6.0-7.0 
6 Wheat 5.5-7.5 Beets 6.0-7.0 
7 Alfalfa 6.5-8.0 Bitter melon 5.5-6.5 
8 Bean, field 6.0-7.5 Cabbage 6.0-7.0 
9 Bean, Soy 6.0-7.0 Carrots 5.5-6.5 
10 Clover 5.6-7.0 Celery 5.8-7.0 
11 Clover, red 6.0-7.5 Chili pepper 5.5-6.5 
12 Clover, sweet 6.5-7.5 Cowpea 5.5-7.0 
13 Lupine 5.0-7.0 Cucumber 5.5-6.5 
14 Peas 6.0-7.5 Ginger root 6.0-7.5 
15 Vetch 5.2-7.0 Sunflower 6.0-7.0 
16 Millet 5.0-6.5 Mustard 6.0-7.0 
17 Sudan grass 5.0-6.5 Onion 6.0-6.5 
18 Timothy 5.5-8.0 Peanut 5.5-6.5 
19 Beets, red 6.0-7.5 Sweet potato 5.0-6.0 
20 Cotton 5.0-6.0 Tomato 5.5-7.0 
21 Water melon 5.0-6.5 Teff 5-8 
22 Bread wheat 5-8.5 Maize 5.2-7.4 
23 Sorghum 5.3-8.3 Triticale 5.2-7.8 
24 Soya bean 5.5-7.8 Faba bean 6-7.7 
25 Lentil 5.2-8.0 Chick pea 5.7-8.3 
26 Fenugreek 5.7-8.3 Rape seed 5.2-7.8 
28 Line seed 6-7.8 Niger seed 6.0-7.8 
29 Garlic 5.5-7.5 Apple 5.5-7.3 
30 Enset 5.2-7.7 Sesame 5.2-8.2 
31 Tea 4.5-6.3 Ground nut 5.4-8.2 
32 Banana 4.5-8.2 Coffee 4.6-6.3 
33 Taro 4.7-7.6 Yam 5.0-7.0 
34 Turmeric 5.5-7.5 Coriander 5.5-7.5 
35 Oil palm 5.0-7.5   
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MODULE 12: USES FOR AGRO-FORESTRY IN SOIL 

FERTILITY MANAGEMENT 

12.1 CONCEPT AND PRINCIPLE 

Agroforestry can be a soil fertility enhancement system that combines agriculture and tree crops 

of varying longevity, arranged either temporally or spatially, to maximize and sustain agricultural 

yield and minimize degradation of soil and water resources (Lal, 1990). 

The most common agroforestry systems on smallholder farms in Sub Saharan Africa are 

designed for providing livestock fodder and soil improvement, particularly for nutrient recycling 

and as a nutrient source for arable areas. Among those that have received the most attention 

are improved fallows, alley cropping, and those for biomass transfer. 

12.2 IMPROVED FALLOW 

Leaving land fallow is a means of resting depleted soil so that it can regain some of the fertility 

lost through continuous cropping with limited or no fertilizer application. Improved tree fallow 

has been promoted, partly because it has the advantage of being like traditional forms of shifting 

cultivation (Yates and Kiss 1992). 

Natural fallow consists of allowing land that has been cultivated to remain uncultivated to allow 

natural vegetation to restore soil fertility. Improved fallow involves planting trees, mainly legume 

species to enrich the soil in a shorter time, when compared to natural fallow. As such, it can 

improve soil fertility as an alternative to using inorganic fertilizers.  It can also be used as a 

livestock fodder.  

Legume species improve the soil through biological nitrogen fixation, where recycled nutrients 

are deposited through leaf litter or when the biomass is harvested at the end of the fallow period 

and is incorporated into the soil. Commonly used species for improved fallow include Tephrosia 

vogelii, Sesbania sesban, and Calliandra grahamiana. Large quantities of nitrogen (100–200 

kg/ha) can be accumulated in situ and returned to the soil as leaf and root litter mainly by 

retrieving inorganic nitrogen from subsoil layers. Table 25 and 26 show added nutrients from 

improved fallow after different seasons.  

Table 25: Nitrogen added into the soil through biomass incorporation by different fallow species 
in western Kenya (after four harvests between 2000 and 2004). 

Fallow species Added nitrogen (kg/ha) 

Gliricidia sepium 264 

Calliandra calothyrsus 644 

Sesbania sesban 305 

Tephrosia vogelii 188 

Source: Kiwia et al. (2009). 

The choice of which species to plant in a fallow is influenced by both biophysical and socio-

economic conditions. The ideal tree species is fast-growing, N-fixing and efficient at nutrient 

capture and recycling. Examples of promising species include Crotalaria grahamiana, Tephrosia 

vogelii, Cajanus cajan (pigeonpea) and Sesbania sesban (sesbania). Coppicing species can 

also be used, such as Gliricidia sepium (gliricidia) and Calliandra calothyrsus (calliandra). These 

have become increasingly popular with farmers in Kenya, Malawi and Zambia because they are 

perennial and, unlike the non-coppicing species, there are no costs involved in replanting them 

once they are cut back. 
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Table 26: Nutrient accumulation during a six-month fallow period 

Species Total 

biomass* 

(tonnes/ha) 

Nutrients (Kg/ha) 

N P K Ca Mg 

Tephrosia vogelii 9.5 154 5.7 100 75 17 

Tithonia diversifolia 11.8 191 8.1 271 70 32 

Natural fallow 3.8 5.4 2.6 52 10 10 

* Above-ground, litter and root biomass, Source: Rutunga et al. 1999.  

12.3 BIOMASS TRANSFER 

This involves biomass harvest and transfer from hedges in or around crop fields for application 

as mulch or incorporation into the soil usually before or sometimes after the crop is planted. The 

technology may be practiced in any of the following ways:  

Transfer of biomass produced from one field to another on the farm. This is done through 

establishing biomass banks on-farm from which the biomass is cut and transferred to crop fields 

on different parts of the farm. Existing hedges on farm borders are a good source of organic 

nutrients for biomass transfer. An example in the Eastern part of Ethiopia was five tonnes per 

ha of Sesbania sesban dry matter being used as a mulch in wheat production. Application of 

the mulch prior to planting in the wheat field increased the wheat grain yield from 0.5 to 1.0 

tonne per ha (100% increase) and the straw yield from 2.0 to 3.8 tonne per ha (more than 90% 

increase) over the control. 

 

Figure 22: Unutilized biomass (Sesbania) potential for biomass transfer and fertiliser trees 
(Faidherbia albida) 
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12.4 HEDGE ROW AND ALLEY CROPPING 

Hedgerow cropping is regarded as a valuable means of soil fertility maintenance through its 

control of erosion through planting living hedges along contours. Yates and Kiss (1995) noted 

that "evidence is accumulating that these hedges are highly efficient, taking up less land and 

requiring less labour than conventional earthworks such as ditch−and−bank structures and 
grass strips”.  

In alley cropping, annual crops are sown in lanes that are formed by rows of perennials 

hedgerows. The goal of this system is to preserve soil fertility when fallow periods (as in shifting 

cultivation) become increasingly shorter or are discontinued altogether. On flat land hedgerows 

should be planted in an East -West direction 4-8 metres apart in parallel rows, with 0.5 metre 

between the plants. On sloping land hedgerows should always be placed on the contour. At the 

beginning of each rainy season the trees are pruned to a height of 0.5 to one metre. The twigs 

and leaves are laid in the lanes as mulch, and the branches used as firewood or stakes. The 

crops are sown between the lanes through the mulch layer. During the growing season, the 

trees must be pruned regularly, to prevent them from shading the crop. For trees that quickly 

produce shoots, a height of 0.5 m is best; trees that grow slower can be pruned higher. The 

leaves can be applied to the crop as a ‘top-dressing’, or they can be fed to cattle. After the crop 
has been harvested, the tree’s shoots can be allowed to grow, so that the trees can provide 
enough shade to inhibit weed growth. 

Figure 23:  Examples of hedgerow and alley cropping 
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MODULE 13: RAINWATER HARVESTING 

13.1 CONCEPT 

Various forms of rainwater harvesting (RWH) have been used throughout the centuries. Some 

of the earliest agriculture was based on techniques such as the diversion of flow from normally 

dry watercourses onto agricultural fields during periods of heavy rainfall. In Ethiopia, ponds and 

underground water storage tanks have been constructed for drinking, agriculture and religious 

rituals (Habtamu 1999). Even to this day, there are several traditional rainwater harvesting 

technologies still in use. For instance, collection of rainwater from pits on rock outcrops and 

excavated ponds are common practices. With the introduction of corrugated iron sheet roofing 

houses are increasingly fitted with gutters to collect rainwater. RWH technology is especially 

relevant to the drier areas where problems of environmental degradation, drought and 

population pressures are most evident. 

RWH can be an important component of a range of technologies for improving crop yields. 

Improved water management will help to increase the soil’s capacity to receive, retain, release 
and transmit water, and can reduce soil erosion. At the same time improving water quality and 

use efficiency can be both an integral component of ISFM, as well as a climate change 

adaptation and a mitigation measure. 

Many RWH initiatives have been promoted across Sub-Saharan Africa both to combat the 

effects of drought and to support the rehabilitation of abandoned or degraded land 

Unfortunately, relatively few succeeded in combining technical efficiency, being low cost and 

acceptable to local farmers. This was partially due to the selection of inappropriate approaches 

regarding the prevailing socio-economic conditions but also often due to lack of awareness 

creation and technical knowledge (Critchley and Reij 1992). 

13.2 TYPES OF RAINWATER HARVESTING 

RWH in its broadest sense is defined as the collection of rainwater runoff for its productive use.  

Runoff can be harvested from roofs and ground surfaces as well as from intermittent 

watercourses.  Classification is often varied with different names being used for similar 

practices, but techniques fall into several basic categories (RELMA, 2005). 

Rooftop RWH:  This is one of the easiest ways of providing drinking water at household level 

and sometimes small-scale irrigation. All that is required is the presence of roofs to provide the 

necessary catchment area, guttering and tanks to collect the water 

In-field RWH:  This includes those techniques that are often constructed as part of normal land 

preparation activities.  They include tied ridges and potholing techniques that can be used for 

annual crops and individual trees.  

Micro-catchment RWH: Sometimes referred to as in situ, short slope or a within-field 

catchment system, where run-off water is harvested from a small catchment, typically less than 

a 30-metre slope with runoff stored in the soil. Typical ratios of catchment to cultivated area vary 

from 1:1 - 3:1 with no provision for overflow. It includes those techniques in which rainwater is 

harvested and stored within the soil profile and includes terraces, pitting and bunding methods 

including trapezoidal bunds. Areas with annual rainfall in the range 200- 1200 mm rainfall can 

all benefit.  

Rainwater Storage Ponds:  These include storage of runoff water in small ponds and pans 

collected from springs and open surfaces, such as roads, homesteads, hillsides, open grazing 
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lands and may include runoff from watercourses and gullies. These can be implemented almost 

anywhere, where local site conditions permit considering soil type and geology to avoid seepage 

problems (RELMA, 2005). 

External catchment RWH: Sometimes referred to as long slope or outside field catchment 

overland water or rill flow, where run-off water is harvested and stored in the soil profile.  

Catchments varies typically from 30 to 200 metres in length with a ratio of catchment to 

cultivated area varying from 2:1 to 10:1 usually with provision for overflow water.  

Floodwater RWH:  Sometimes referred to as water spreading, run-off water is harvested either 

by diversion or spreading within a channel bed or valley floor with water stored in the soil profile.  

This uses a long catchment, often several kilometres with a ratio catchment to cultivated area 

typically more than 10:1 with provision for overflow of excess water.  It includes a variety of 

water harvesting techniques including provision of water for domestic and livestock use, for 

crops, fodder and tree production and less frequently for fish and duck ponds.  

Often these practices have been developed through experimentation and improvements by 

generations of farmers.  A typical often traditional RWH system diverts floodwater from a 

seasonal source to a cultivated field. The main diversion canal starts as a small earth 

embankment protruding into the flood course at an acute angle guiding the flow to the cultivated 

fields. The main canal may be further divided into secondary or even tertiary field canals before 

water is spread on the cultivated land using bunds or contour graded furrows. In addition, 

excavated ponds may serve for livestock watering further downstream from the cultivated fields 

(Ephraim 2002). 

Sand dams:  These are weir storage structures built across seasonally dry water course with 

potential to store water in sand trapped in the weir. The potential of sand dams depends on the 

availability of sand rivers, a topography and a geology that allows weir storage.  Water is filtered 

through the sand and can be used for domestic, livestock and irrigation purposes during the dry 

season. 
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Typical examples are shown in Table 27 with some examples in the figures that follow.  

Table 27:  Examples of some types of rainwater harvesting techniques 

Type Description Main use Where used 

Rooftop RWH Rooftop collection 

Water is collected from 

roofs and stored in a tank 

or pond. 

Domestic 

water 

Homestead, school and clinic 

buildings  

In field RWH 

Tied ridges 

Crops planted on ridges 

with ties constructed at 

intervals 

In crops such 

as maize and 

sorghum 

For crops where waterlogging 

is not likely to be a problem 

Potholes In field potholes  Crops  

Micro-

catchment / 

short slope / in 

field 

 

Negarim micro-

catchments 

Closed grid of diamond 

shapes or open-ended 

Vs formed by small earth 

ridges with infiltration pits 

Trees and 

grasses 

For tree planting in situations 

where land is uneven or only 

a few are planted 

Contour bunds 

Earth bunds on contour 

spaced 5-10 metres apart 

with furrow upslope and 

cross ties 

Trees and 

grasses 

For tree planting on a large 

scale 

Semi-circular bunds 

Semi-circular shaped 

earth bunds with tips on 

contour. In a series with 

bunds in staggered 

formation 

Trees and 

grasses 

Useful for grass re-seeding, 

fodder or tree planting on 

degraded grazing areas 

Contour ridges 

Small earth ridges on 

contours at 1-5 metre 

intervals with furrow 

upslope with ties.  

Crops  
For crop production in arable 

areas 

External 

catchment -/ 

long slope 

catchment / 

out of field 

Trapezoidal bunds 

Trapeziodal earth bunds 

capturing run-off from an 

external catchment and 

overflowing at wing tips 

Crops 

Widely suitable in a variety of 

designs for crop production in 

drier areas 

Contour stone 

bunds 

Small stone bunds 

constructed on the 

contour at spacing of 35-

50 metres apart slowing 

and filtering run-off 

Crops Versatile system for crop 

production where stones are 

plentiful 

Flood water 

farming 

Permeable rock 

dams 

Long row dams across 

valleys slowing and 

spreading flood water as 

well as healing gullies 

Crops 

Suitable in areas where gently 

sloping valleys are becoming 

gullies and better water 

spreading is required 

Water spreading 

dams 

Earth bunds set at a 

gradient with a dogleg 

shape spreading diverted 

flood water 

Crops and 

grazing areas 

For dry areas, where water is 

diverted from a water course 

into a crop or fodder block 

Sand dams 

Weir storage structures 

built across seasonally 

dry water course with 

potential to store water in 

sand trapped in the weir. 

Domestic and 

irrigation 

Water is filtered through the 

sand and used during the dry 

season. 

Source: Adapted from Critchley et al, 1992 
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Figure 24:  Some examples of Rainwater Harvesting techniques 

i) Rooftop RWH: Gutter used to collect run-off 
rain from a roof and stored in tanks 

(ii)  In field RWH: Tied ridges 

 

 
 

(iii) In field RWH -: potholes 
 

(iv) Earth or stone bunds for young trees 
 

 
 

(v)  Infiltration pits dug along a contour drain or ditch 
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(vi) Negarim micro-catchment for trees 

 

 
 

(vii) Floodwater farming systems: (a) 

spreading within the channel bed; (b) a 
diversion system 

 
(viii) External catchment system: trapezoidal 

bunds or ponds for trees or crops 

  

 

 

 

(ix) Floodwater farming diversion system with a hierarchy of canals 
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13.3 CHALLENGES EXPERIENCED 

Although RWH practices have often been promoted in the semi-arid areas of Ethiopia, even 

those areas, which receive “adequate” annual rainfall, sometimes suffer from crop failure 

due to the erratic rainfall. Even the higher rainfall areas of the Highlands could benefit from 

appropriate RWH practices. However, apart from the benefits there are several challenges 

that need to be addressed (Table 28). The challenges include:  

• Effective implementation including site selection and design is essential to ensure 

efficient performance. A major reason for failure of RWH structures is poor site 

selection and the type of RWH technique used. These depend on several bio-

physical factors such as rainfall, land use, soil and topography and socio-economic 

ones (Girma Moges, 2009).  

• Technical problems include high seepage and evaporation losses, high sediment 

build up and loss of productive land. These may result from technical capacity 

limitation during implementation or insufficient extension back up on established 

schemes.   

• Some RWH harvesting techniques require large areas from which to collect water 

with a high labour requirement for both construction and effective use. If land 

ownership rights are not clearly defined, farmers may perceive investment in 

construction of high labour input structures as inappropriate, as they may not reap 

the benefit of their work.  

• With flood water harvesting systems, there may be dangers of riverbank erosion 

which may also damage some of the cultivated land.  Ensuring protection is likely to 

require high labour input during construction.  

• In drier areas, where rainfall is unreliable, the availability of flood water could be 

limiting, meaning that some households miss the opportunity to irrigate their fields 

due to the inadequacy of the floodwater. 

• RWH systems will only be economically viable if they are combined with improved 

soil fertility management and good agronomic practices as well as ensuring a market 

for the crop produced.  

• Risks of malaria transmission in fringe areas of malaria endemicity, for example in 

parts of Tigray, where large scale construction of ponds and ditches has been 

encouraged (Figure 25). It is therefore essential that interventions are integrated with 

appropriate malaria control strategies (Mekonnen and Haile, 2010). 
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Table 28:  Benefits and challenges of rainwater harvesting systems 

Benefits Challenges 

• Securing water and productivity in dryland 

areas 

• Increasing water availability 

• Buffering rainfall variability 

• Overcoming dry spells 

• Harvesting plant nutrients 

• Helping to cope with extreme events (flooding, 

soil erosion, siltation etc.) 

• Providing an alternative to full irrigation 

• Offering flexibility and adaptability to suit 

circumstances and to fit budget 

• Reducing production risks, thus reducing 

vulnerability 

• Increasing resilience of systems 

• Improving access to clean and safe domestic 

water 

• Improving water availability for livestock 

• Reducing women’s workload 

• Increasing food production and security 

• Offering the possibility of growing higher-value 

crops 

• Utilizing and improving local skills 

• Alleviating poverty, when adopted at scale 

• Reducing migration to the cities 

• Dependent on the amount, seasonal distribution 

and variability of rainfall 

• Difficult to ensure enough water needed 

• Supply can be limited by storage 

capacity, design and costs 

• Structures / micro-catchments may take 

up productive land 

• Ponded water can be breeding ground 

for mosquitos or source of waterborne 

diseases 

• May involve high initial investments 

and/or labour requirements for 

maintenance 

• Jointly used structures can lead to 

maintenance disagreements 

• Shared catchments and infrastructure 

may create rights issues (upstream-

downstream, farmers and herders) 

• Acceptance of new systems and 

associated rules and regulation may be a 

problem 

• Maintenance of communal infrastructure 

built with subsidies can be a constraint 

• Long-term institutional support may be 

necessary 

• May deprive downstream ecosystems of 

water (esp. where floodwater is diverted) 

Source: Mekdaschi Studer, R. and Liniger, H. 2013 

Figure 25: Half-moon ponds, promoted for water resource conservation in Tigray 
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MODULE 14: CLIMATE CHANGE, GREEN HOUSE GAS 

EMISSIONS AND BIODIVERSITY 

14.1 SOME DEFINITIONS 

This module examines the role of Integrated Soil Fertility Management (ISFM) in mitigating 

and reducing the effects of climate change, greenhouse gas emissions and loss of biodiversity. 

For those unfamiliar with these terms some definitions are provided.  

Climate change is a change in global and regional climate patterns, apparent from the mid- 20th 

century onwards and attributed largely to emission of greenhouse gases. 

Greenhouse gas (GHG) emissions are gaseous compounds released into the atmosphere that 

absorb infrared radiation, trapping and holding heat in the atmosphere. By increasing the heat in the 

atmosphere, greenhouse gases are responsible for a greenhouse effect, leading to global warming 

and climate change. The gases include carbon dioxide (CO2), produced using fossil fuels, methane, 

nitrous oxide (N2O), ozone (O3) and chlorofluorocarbons. Human-induced warming, due to increased 

greenhouse gas levels, has and is likely to have a noticeable influence on many physical and 

biological systems, including sea level rise, increased frequencies and severities of weather, loss of 

biodiversity and changes in agricultural productivity.  

Biodiversity is a measure of the variety of different types of life found on Earth, in particular the 

number and variety of plants, animals and other organisms that exist. The number and variety in any 

one area depend on climatic conditions and natural resources. Biodiversity is an essential 

component of nature ensuring the survival of human species by providing food, fuel, shelter, 

medicines and other resources. Unfortunately, the period since the emergence of humans has 

displayed an ongoing reduction in biodiversity, which is now accelerating due to climate change and 

land degradation. 

Agro biodiversity includes all forms of life directly relevant to agriculture including seed varieties 

and animal breeds, soil fauna, weeds, pests, predators and all the native plants and animals existing 

on and flowing through farms. Agro biodiversity forms the basis of agricultural food chains, developed 

and safeguarded by farmers, livestock breeders, forest workers, fishermen and indigenous peoples 

throughout the world.  

For example, cultivated crop varieties can broadly be classified into “modern” and “traditional” 
varieties. Modern varieties, such as improved wheat and maize, are the outcome of formal breeding 

and are often characterized as “high yielding”. In contrast, traditional varieties, also known as 

landraces, are the product of selection by farmers. Together, they represent high levels of genetic 

diversity and are therefore the focus of most crop genetic resource’s conservation effort. Maintaining 
or even increasing agro biodiversity will be essential in coping with the predicted impacts of climate 

change, not simply as a source of genetic traits, but also underpinning more resilient farm 

ecosystems. The use of agro biodiversity, as opposed to non-diverse production methods, can 

contribute to food, nutritional and livelihood security. 

 

  

https://en.wikipedia.org/wiki/Sea_level_rise
https://en.wikipedia.org/wiki/Extreme_weather
https://en.wikipedia.org/wiki/Climate_change_and_ecosystems
https://en.wikipedia.org/wiki/Climate_change_and_agriculture
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14.2 CHALLENGES FOR AGRICULTURE AND FORESTRY 

Climate change impacts for agriculture by 2050 are ambiguous for Ethiopia with uncertainty 

from rainfall projections predicted as high.  Consequently, yield predictions for the main cereal 

crops are also high.  Although overall losses are projected for maize, teff and wheat, a net 

increase is expected for sorghum.  However, yield increases especially for maize are more 

likely in the higher rainfall areas with decreases in drier areas.  Soil fertility and other 

technological improvements were not considered in the analysis, leading to optimism 

regarding future yield increases (Murken and Gornott, 2019). 

Rainfall levels are expected to reduce and become more erratic with more frequent and severe 

periods of drought. At the same time more intense rainfall events are expected with 

evaporation and transpiration rates projected to increase. More intense rainfall and storms will 

increase the risk of soil erosion through rain splash, accelerated runoff and strong winds. 

Higher temperatures will also increase the rate of soil organic matter (SOM) decomposition, 

especially near the soil surface, which will affect the soil’s capacity to capture or sequester 
carbon and retain water, lowering the capacity of soils to make water and nutrients available 

for plant growth. This will occur against a background of rising demand for crops and, therefore 

has major implications for food security and loss of biodiversity. In some developing countries, 

many farmers are already facing hotter, drier conditions with more extreme weather events 

and in some areas, more flooding. Together with an increase in population, changing diets, 

resource degradation and climate change, are impacting on agricultural production. 

Presently, the agriculture and forestry sector which contributes 24% of total GHG emissions 

(Pachauri and Meyer, 2014) stand at the interface of three major challenges, namely achieving 

food and nutrition security, adapting to climate change and contributing to reducing 

greenhouse gases (Vermeulen et al, 2012).  

14.3 ISFM’S ROLE IN MITIGATING THE EFFECTS OF CLIMATE CHANGE 

Since agriculture and forestry contribute such a high percentage of GHG emissions, the sector 

has an important role to play in both mitigating and reducing the effects of climate change 

(Pretty et al, 2014). Although some soil properties, such as soil texture, cannot be changed, 

others can be modified to mitigate or adapt to the effects of global warming. These include soil 

structure and organic matter content, important for increasing the soil’s capacity to store water 
and supplying nutrients to plants. It is those soil management practices that capture or 

sequester carbon in the soil, reduce GHG emissions and help improve production, while 

enhancing the natural resource base that need to be encouraged. They can make a major 

contribution to both mitigating the effects of climate change and building the resilience of 

agricultural systems. 

It is increasingly important that farmers and communities understand the implications of the 

impact of climate change in their own areas and acquire the knowledge of how this can be 

mitigated. This means building on farmers’ existing knowledge of soil management, 
encouraging innovation and building local capacity. FAO (2016) indicate that this requires: 

• Acknowledgement that degraded soils are both a major cause of climate change and at 

great risk from the impact of climate change. Degraded soils are most susceptible to 

increasing soil organic matter loss, soil compaction, soil erosion and soil biodiversity. 
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• Establishment of the status, condition and properties of local soils, so that practical ISFM 

practices can be identified and tested. 

• Integration of soil, crop and water management systems that will improve the soil’s 
capacity to retain nutrients and water and enhance biodiversity. Such practices will 

maintain and improve soil organic matter and reduce GHG emissions. This. means that 

fewer chemical inputs will be required in future and the soil will be capable of sustaining 

critical ecosystem functions, such as the hydrological and nutrient cycles. These will also 

help in diversifying farm outputs, sustaining yields and reducing vulnerability to climate 

change. 

 

Examples of successful practices described in earlier sections that can reduce GHG emissions 

include: 

• Integrated soil fertility management and conservation agriculture (Modules 2 and 3). 

• Integrating crop and livestock production (Module 4). 

• Organic fertiliser production and use for improving soil structure and fertility (Modules 

5). 

• Crop rotations and intercropping with legumes that mitigate build-up of pathogens and 

pests that occur when a single species is cropped continuously (Modules 6 and 7). 

• Green manures and cover crops to replenish nitrogen, grown either in sequence or 

intercropped with cereals and other crops (Module 8).  

• Use of agro-forestry practices (Module 12) 

• Alternating deep-rooted and shallow rooted crops to absorb nutrients and soil moisture 

at different levels in the soil. 

• Improving application of farm inputs ensuring they are used at optimum rates, at the 

right time and place. For instance, instead of blanket fertiliser applications, fields can 

be divided into different management areas that each receives a customised input 

based on soil type and fertility level, landscape position and past management history. 

This is known as “Precision Agriculture”.  
Many of these practices are important technologies in both ISFM and Conservation 

Agriculture.  They are increasingly termed “Climate Smart Agriculture” (CSA) forming a basket 
of options to mitigate climate change. Table 29 compares conventional and ISFM practises 

showing the implications for climate change.   

14.4 BUILDING PARTNERSHIPS TO PROMOTE ISFM AND CSA  

Looking to the future, on-going research is required to address challenges associated with 

CSA practices to bring about their widespread use. This includes improvements for ISFM 

particularly management of soil organic matter and precision application of fertilisers and 

pesticides but also ISFM adapted cultivars and varieties, rainwater harvesting and irrigation 

practices. New practices will need not only to increase yields and contribute resilience, but 

also increase soil carbon sequestration, reduce run-off and soil erosion, increase soil moisture 

and ground water, fix nitrogen, reduce inorganic fertiliser and pesticide use as well as 

promoting greater diversity of habitats and species.  

The use of farmer participatory approaches will play an important role in the development of 

new knowledge and provision of training to provide the required skills. Critical to scaling up 

new practices will be ensuring that information on ISFM and CSA reaches farmers through 

action research and development programmes that encourage close partnerships between 
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farmers, extension agents and researchers. These partnerships will need to ensure that as 

farmers become aware of new practices and products, they are able to access the credit, 

inputs and markets to benefit from the developments. This in turn requires partnership 

networks that help to develop innovations and disseminate and support their spread through 

adding value by additional processing and commercialisation. This requires individuals with 

the ability and skills to foster partnerships and facilitate progress.  

Climate change is likely to define the rest of our lives and probably those of our children. If we 

can overcome the climate change-agriculture challenge, we will be well placed to overcome 

the other major issue of the 21st century, the hunger-nutrition-poverty challenge. 
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Table 29: Challenges and benefits of conventional and ISFM practices and implications for 

climate change 

Challenges in using 

conventional practices 

Benefits from using ISFM 

practices 

Implications for climate 

change 

Soil fertility 

A shortage of any one of the 

nutrients required for plant 

growth can limit crop yields. In 

Ethiopia it is often important to 

address Sulphur, Boron and 

Zinc deficiencies as well as 

applying lime to correct soil pH.  

Fertiliser use efficiency, 

especially of inorganic 

fertilisers tends to decrease 

with increasing applications, as 

a great part of the nutrients, 

especially N are not taken up 

by the crop but lost through 

leaching and run-off or emitted 

into the atmosphere. 

Unfortunately, fertiliser 

manufacture can release GHG 

into the atmosphere. 

ISFM aims to make available 

required soil nutrients by 

balancing different on farm soil 

organic sources with nutrients 

from inorganic fertilisers to 

address deficiencies and 

reduce nutrient losses through 

soil and water conservation. It 

aims to: 

Maximize the use of organic 

matter that provides nutrients, 

sequesters C and enhances 

soil water holding capacity. 

This includes compost, animal, 

or green manures. 

Minimize GHGs emissions 

through reduced and efficient 

use of organic and inorganic 

fertilisers. 

Enhance nutrient efficiency 

through crop rotations or 

intercropping with nitrogen-

fixing crops and precision use 

of inorganic fertiliser. 

Timely provision of 

micronutrients in “fortified” 
fertilisers is a potential source 

of enhanced crop nutrition 

where deficiencies occur. 

Leguminous species can fix N 

through symbiotic Rhizobium, 

however, they have a lower 

C:N ratio than cereals and 

grasses and breakdown fast, 

providing little cover to protect 

soils from erosion. 

 

N2O emissions are related to 

use of both organic and 

inorganic N fertiliser and 

legume-derived N.  

Nitrate leaching from overuse 

of mineral fertilisers also 

increases the potential for off-

site N2O emissions. 

Options to reduce N losses 

and emissions include: 

Changing the N fertiliser 

source from ammonium-based 

to urea, or switching to slow-

release fertilisers 

Placing N fertiliser near the 

zone of active root uptake 

Synchronizing the timing of N 

fertiliser application with high 

plant N demand 

Using nitrification inhibitors 

Improving manure application 

rates 
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Challenges in using 

conventional practices 

Benefits from using ISFM 

practices 

Implications for climate 

change 

Cropping systems 

Many crop production systems 

progressively decrease SOC 

as most plant growth is above 

ground and is removed at 

harvest. 

In intensive systems mono-

cropping of cereals use high 

levels of fertilisers and 

pesticides to replace 

restorative fallows and 

rotations with perennial leys or 

legumes. 

Often crop residues are 

removed for fodder, fuel or 

industrial applications or are 

burned for pest control.  

The global potential of N 

availability through recycling 

and N fixation is far greater 

than the current, affected by 

the highly energy-intensive 

production of synthetic N. 

Increasing the use of perennial 

crops and maintenance of 

shrubs and trees in the farm 

landscape improves soil 

resilience and provides diverse 

products (food, fuel, fibre, 

timber, etc.) while supporting 

ecosystem services. 

Agroforestry systems that 

integrate compatible 

leguminous shrubs and trees 

with crops restore SOM and N 

through the leaf litter, help fix N 

through symbiotic Rhizobium, 

they enhance diversity, build 

healthier soils, enhance crop 

and fodder production. 

Some species provide fruits, 

timber and fuel wood or bio-

energy. They can also reduce 

erosion and provide water 

quality and habitat benefits 

through shade and deep 

rooting, hence enhancing 

resilience to climate change. 

Organic agriculture systems do 

not use inorganic fertilisers or 

pesticides but use crop 

rotations and mixed farm 

strategies, with mulch / 

composts / animal manures 

/green manures to replenish 

soil C, improve nutrient cycling 

and use by plants and 

suppress weeds. The 

enhanced biodiversity reduces 

pest outbreaks and severity of 

plant and animal diseases.  

Other soil management options 

in cropping systems include: 

breeding deep rooted crops 

and managing fallow periods to 

increase soil C stocks 

 

The C sequestration potential 

of agroforestry varies widely, 

depending on the specific 

practice, individual site 

characteristics and the time 

frame  

Perennial crops and trees can 

sequestrate and store C for 

longer periods than annual 

crops in roots as well as in 

stems and branches. The 

frequency of tillage is reduced, 

protecting SOC and other soil 

functions.  
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Challenges in using 

conventional practices 

Benefits from using ISFM 

practices 

Implications for climate 

change 

Soil tillage 

Hoeing or ploughing improves 

the seedbed and uproots 

weeds. However, it disturbs 

microbes, destroys soil 

drainage created by the soil 

fauna, such as earthworms, 

speeds decomposition of 

organic matter and releases 

CO2.  

It may also develop a 

compacted layer or hardpan 

which impedes plant root 

growth and rainwater 

percolation. 

Reduced or zero tillage, 

Conservation Agriculture used 

in conjunction with ISFM  

Carbon sequestration in CA 

and ISFM practices attain a 

maximum level in 5 - 20 years 

and continue at decreasing 

rates until SOC reach a new 

equilibrium in 20-30 years. 

CA practices reduce fossil fuel 

emissions from tractor use, 

although there may be slight 

negative GHG impacts if 

chemical herbicides are used 

for weed control. 

Source: Modified from FAO, 2013 
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MODULE 15: COMPARING APPROACHES THAT TARGET 

SOIL HEALTH AND SOIL FERTILITY IMPROVMENT 
A range of soil health and fertility enhancing practices associated with ISFM have been 

described in this technical manual.  For each, key concepts have been identified together with 

detailed descriptions, management considerations and challenges in implementation. 

However, several different approaches which embody a range of similar practices have 

evolved in recent years.  The language used can sometimes seem confusing as the different 

approaches often have similar objectives and can generally be regarded as complimentary to 

each other.  These include: 

Integrated soil fertility management (ISFM): ISFM is the main approach described in this 

manual.  It represents a set of soil fertility management practices that include the use of both 

organic and inorganic fertilisers as well as improved seed and other agronomic practices. 

Conservation Agriculture (CA):  CA, also discussed in this manual, represents a soil 

management system characterised by three inter-linked principles: minimum or zero-tillage, 

seeding directly into untilled soil; a permanent ground cover or mulch comprised of cop 

residues; and diversification of cropping systems through crop rotations or intercropping (FAO, 

2017). 

Climate Smart Agriculture (CSA): CSA refers to environment friendly and sustainable 

agricultural practices that take climate change and variability into consideration (Clements, et 

al, 2011). With temperatures in many parts of Ethiopia expected to rise by more than 2°C and 

precipitation expected increase in in some regions by the 2050s, CSA interventions to mitigate 

climate change are important (Thornton and Cramer, 2012 and EICC, 2015). Module 15 

describes the important role that ISFM practices can play in mitigating the effects of climate 

change. 

Regenerative agriculture (RA): RA encompasses a wide range of cropping and grazing 

practices aimed at restoration and sustainable management of soil health through 

sequestration of soil organic carbon. The goal of RA is to apply the concept of more produce 

more from less, less land area, less input of chemicals, less use of water, less emission of 

greenhouse gases, less risk of soil degradation and less use of energy-based inputs. The aim 

is to spare land and resources for nature. RA is a system-based approach, which includes no-

till farming used in conjunction with residue mulching, cover cropping, integrated nutrient and 

pest management, complex rotations, and integration of crops with trees and livestock, which 

can  be fine-tuned to suit site-specific conditions, including biophysical, social, economic, and 

human dimensions (Lal 2020).  

Agroecology Approach (AA):  AA has more recently evolved as a general framework based 

on a set of principles and as a range of practices that can be used in different combinations 

to enhance the resilience and sustainability of farming systems.  There are many definitions 

including AA being the application of ecological principles to agriculture. It is an integrated 

approach that simultaneously applies ecological and social concepts and principles to the 

design and management of food and agricultural systems (FAO, 2018).  

As such, AA seeks to optimize the interactions between plants, animals, humans and the 

environment while taking into consideration the social aspects that need to be addressed for 

a sustainable and fair food system. Although the term agroecology has been used to refer to 

the application of ecological principles since the 1920s, only comparatively recently has the 
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discipline been identified as having common principles.  These include a combination of bio-

physical and socio-economic elements grounded in three pillars of sustainable development 

– social, economic and environmental (FAO, 2018).  These involves managing interactions 

between the various components of a farming system, rather than focusing on specific 

technologies, although these are clearly important.  It includes those that are based on 

ecological processes and cycles and not on external bought in operating resources. These 

include those that are environmentally friendly, locally adapted and controlled and easily 

accessible and affordable for farmers (Wezel et al, 2009). 

In summary: The sets of practices associated with each of these five broad approaches have 

an important role to play in meeting a common set of outcomes.  These include: 

• Increased agricultural productivity and livelihoods on a sustainable and 

environmentally sound basis. 

• Improved human health, food security and poverty reduction. 

• Increased capacity of farmers and their households and their farming systems to 

adapt to climate change. 

• Increased carbon capture in the soil and reduced greenhouse gas emissions to 

mitigate climate change. 

The practices associated with each approach show many similarities (Table 30) 

Table 30: Soil health and fertility enhancing practices 

Soil health and fertility enhancing practices ISFM CA CSA RA AA 

Reduced or zero tillage 
 

x x x x 

Use of crop residues for mulching x x x x x 

Improved seed or germplasm x x 
 

  

Legume seed inoculation  x 
 

x  x 

Direct seeding through mulch 
 

x 
 

 x 

Use of organic fertilisers      

Composts  x 
 

x x x 

FYM x 
 

x x x 

Biogas slurry x 
 

x x x 

Green manures and cover crops x x x x x 

Soil acidity management x 
  

 x 

Balanced use of inorganic fertilisers x x x x  

Crop rotations and intercropping x x x x x 

Rainwater harvesting x 
 

x  x 

Crop-livestock integration x 
 

x x x 

Agroforestry x  x x x 
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MODULE 16: ENSURING THE EFFICIENCY OF INPUT USE  

16.1 BASIC PRINCIPLES 

Studies across sub-Saharan Africa (Zingore, 2015) show that when soils are degraded, 

restoration of soil fertility, through organic matter addition together with balanced inorganic 

fertilizer, is essential to achieve high crop productivity. Organic matter additions through 

including composts, manure, crop rotations, improved fallows, and various legume-based 

technologies, can be most effective when strategically combined with inorganic fertilizer.  

Given resource constraints of fertility inputs, labour and cash, maximising the agro-economic 

efficiency of input use is critical.  This will vary taking both biophysical and socio-economic 

factors into account, ensuring that resources are not wasted, and production increases are 

economically viable.  This requires that both the agro-ecological environment, notably rainfall, 

soils, altitude and temperatures and market conditions are considered. These factors were 

discussed in detail in Module 2 – “Selecting Appropriate ISFM Technologies”. 

16.2 PLANT NUTRIENT MANAGEMENT 

If the supply of nutrients in the soil is ample, crops will be more likely to grow well and produce 

high yields. If, however, even only one of the nutrients needed is in short supply, plant growth 

will be limited, and crop yields reduced. Therefore, to obtain high yields, both inorganic and 

organic nutrient resources are needed to supply the soil with the nutrients needed for crop 

growth. Achieving the best yields requires good nutrient management, which depends on 

using: 

• The right mix of nutrients for the crop  

• The right application rate of nutrients to supply the quantity needed by the crop 

• The right time of application of nutrients for effective use by the crop, and  

• The right placement in the soil for the nutrients to be accessible by crop roots.  

All four need to be correct for optimal crop nutrition management to ensure increased crop 

yields, productivity and incomes, as well as maintaining soil health (Zingore et.al, 2014). 

Guidelines and examples for nutrient management are shown in Table 31.  

In assessing both the right mix and application of nutrients, it must be recognised that fertiliser 

represents a major financial investment. So, it is essential to target its use to variable soil 

fertility, climate and market conditions thus ensuring viable crop productivity.  Recognition of 

the spatial heterogeneity of soil fertility across natural regions, landscapes, farms and even 

within fields will help in the design of more effective fertiliser use that target different soil fertility 

niches.  These include poorly responsive but fertile areas, responsive areas and poorly 

responsive low-fertility areas (Giller et al., 2019).  
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Table 31: Guidelines and examples for determining appropriate nutrient management 

 
Right mix of  

nutrients 
Right application 

 Rate 
Right time of 
application 

Right placement  
in the soil 

Key guidelines • Ensure a balanced 
supply of nutrients  

• Match plant 
nutrients to soil 
type, soil health, 
climate and market 
conditions 

• Assess crop 
suitability to local 
agro-ecological 
conditions  

• Assess crop 
nutrient 
requirements 

• Assess nutrient 
supply from the 
soil and from 
additional nutrient 
supplied 

• Assess the 
critical time 
when the crop 
needs soil 
nutrients  

• Determine 
timing of low 
nutrient loss 
risk 

• Recognise crop 
rooting patterns 

• Manage spatial 
variability 

Examples of 
alternatives  

• Compost 
• FYM 
• Crop residues 
• Green manures 
• Crop rotations and 

use of legumes 
• Lime  
• Inorganic fertiliser 
 

• Test soils for pH 
and nutrient 
content 

• Calculate 
affordability and 
profitability 

• Balance nutrient 
removal by the 
crop 

• Pre-plant  
• At planting 
• During early 

crop growth  
• At flowering 

• Broadcast 
• Band 

application 
• Spot application 
• Split application 
• Incorporation in 

soil 

 Source:  Adapted from Zingore et.al, 2014 

Right source of nutrients:  Nutrients are sourced from both organic and inorganic material, 

which have been added to the soil to supply those essential for crop growth. Both types contain 

N, P and K. 

Apart from organic materials, there is a wide range of commercially available inorganic multi-

nutrient fertilizers, also known as compound fertilizers, which contain more than one nutrient.  

Examples together with their nutrient contents are shown in Table 32.   

Table 32: Common multi-nutrient fertilizers. 

Fertiliser types Typica nutrient content 

 % N % P2O5 % K2O 

NPK or compound  NPK 5-26 5-35 5-26 

Di-Ammonium phosphate DAP 18 46 - 

Mono-ammonium phosphate MAP 11 52 - 

Urea (Ammonium nitrate) N 46 - - 

Nitro-phosphate NP 20-26 6-34 - 

PK fertilisers PK - 6-30 6-30 

Micro-nutrients may also be needed in small amounts. Special compound fertilisers are 

available containing micro-nutrients including, Boron, Sulphur and Zinc, which can be added 

to the NPK mixes, where these are known to be missing or where crops require it. For instance, 

Formula 5 is an inorganic blended fertiliser currently produced in Ethiopia and recommended 

for many crops in the country.  It contains N, P, K, S, Zn and B. 



 

91 

 

 In areas which have acid soils with a low pH, the use of inorganic fertiliser should be limited 

until the pH is corrected by addition of lime.   

Advantages to using multi-nutrient fertilizers include: ease of handling, transport and storage; 

ease of application; even distribution of nutrients when applied in the field; balanced 

distribution of nitrogen, phosphorus and potassium, available from crop germination and in 

accordance with plant requirements, and at a lower cost of application due to labour saving. 

Right rate of application:  Once the right source of nutrients is determined, fertiliser should 

be applied to provide the required plant nutrients in sufficient quantities, in balanced 

proportions, in an available form, and at the time when the crop requires them. The guidelines 

for determining the right rate of fertilizer application are: 

• Selecting a yield target that farmers can attain. This should be realistic, based on soil 

and rainfall and other climatic conditions. A yield target provides an important guide on 

the estimation of the total amount of nutrients required by the crop. 

• Assessing the amount of nutrients required by the crop. Yield is directly related to the 

quantity of nutrients taken up by the crop until maturity. 

• Assessing the capacity of soil to supply nutrients. Methods used include soil and plant 

analysis, and fertilizer response experiments. Where these are not available, simple 

methods such as crop production history and knowledge of soil types can also be used. 

• Considering all available nutrient resources and past management practices. For most 

farms, this includes quantity of manure, composts, crop residues, crop rotations as 

well as the inorganic fertilizers that are available. An example of a nutrient budget was 

shown in Module 2, section 2. 

Tight time of application: The guidelines for right time for a nutrient application include: 

• Applying nutrients to match seasonal crop nutrient demand.  This depends on planting 

date and crop growth characteristics. 

• Assessing dynamics of soil nutrient supply. Mineralization of soil organic matter 

supplies some nutrients, but if the crop’s uptake needs are not matched by the release 

of nutrient, crop yields will be limited. 

• Recognising the dynamics of soil nutrient loss. For example, nitrogen is easily lost 

especially in sandy soils and should be applied in 2-3 split applications during the 

season, when growing cereal crops.  

• Considering labour availability. Timing of nutrient application should not delay other 

time-sensitive operations such as planting. For example, manure application demands 

a lot of labour, and should be applied before the rains to avoid delays in planting. 
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Right placement of fertiliser:  This requires placing nutrients in the soil where the crops can 

easily access them.  This depends on factors such as crop type, tillage practices, plant 

spacing, crop growth stage, crop rotation or intercropping as well as weather variability. The 

main considerations for the right placement of nutrients include: 

• The tillage system.  In conservation tillage systems, special equipment may be used 

to apply fertilizer under the soil, while maintaining crop residue cover.  This can help 

to conserve both nutrients and soil moisture. 

• Where the crop is growing. Nutrients need to be placed where they can be taken up 

by growing roots when needed. 

• The mobility of nutrients in the soil. Nutrients that move little in the soil, such as 

phosphorus, should be concentrated in bands or holes close to the plants to improve 

availability. 

• Manage differences in spatial variability of soil fertility across a landscape, between 

different fields or even within a field In addition to placement within the soil, different 

application rates on different fields should also be considered.  Most farms consist of 

fields that are managed differently and vary in soil fertility status.  For instance, more 

fertilizers and manure are often used on fields closest to homesteads, than on fields 

further away. Differences in management due to soil type or position on the landscape 

also contribute to differences in soil fertility.  Such differences should be considered 

when decisions are made on where to apply limited fertilizers.   

 

Field-specific fertilizer application should also consider: 

• Prioritising nutrient application on those fields that give the greatest yield response to 

fertilizer or organic resource application. 

• Applying moderate amounts of nutrient resources in very fertile fields to maintain soil 

fertility and avoid nutrient depletion. 

• On degraded fields or soils of low inherent soil fertility, use only soil organic matter to 

restore soil fertility and improve crop productivity. 

Whenever fertiliser is applied, it should be incorporated immediately after application to avoid 

losses due to runoff and erosion.  Incorporation of urea and ammonium-based fertilizers will 

also reduce losses due to loss of ammonia to the air. When fertilizer is applied by hand, care 

should be taken to distribute nutrients uniformly and at the exact rates. Where fertilizer 

application equipment is used, it should be adjusted to ensure uniform spreading and correct 

rates. Any equipment used should be well maintained. 
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16.3 AGRONOMIC PRACTICES 

In maximising the benefits of nutrient use, use of best agronomic practices is also required.   

These can be both yield-building and yield-protecting (Table 33), and will ultimately determine 

yields, productivity and income levels. Farmers will be the final decision-makers in selecting 

those agronomic practices that are best suited their soil, weather, cropping systems and socio-

economic conditions, but it is important the extension agents are able to advise on best 

practices.  

Table 33:  Practices that determine yields, productivity and incomes achieved by farmers 

Yield building practices Yield and productivity practices 

Crop and variety selection 

Land preparation 

Soil and water conservation management  

Planting method 

Plant nutrition  

Weed management 

Pest and disease management 

Harvest and post-harvest management 

Input acquisition and output marketing practices 

Yield-building practices include the land preparation and planting methods including soil and 

water conservation practices as well as the use of fertiliser and crop varieties that are resistant 

to major diseases.  It includes practicing suitable crop rotations, such as cereal-legume crop 

rotations and regular monitoring of crops to ensure timely interventions. Crops are susceptible 

to weeds, pest and diseases with losses occurring at various stages including seedling 

establishment, crop growth and development, harvesting and storage. This requires integrated 

weed, pest and disease management practices to minimize crop yield losses.  Weeding should 

be timely and effective, with pest and disease control using, as far as possible, non-chemical 

pest and disease management practices. If agrochemicals are required, application should be 

by trained and knowledgeable persons complying with established safety and maintenance 

standards.  Timely harvest is also important to minimise in-field yield losses with drying and 

storage management also being important. 
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MODULE 17: PARTICIPATORY LEARNING AND 

KNOWLEDGE SHARING APPROACHES  

17.1 PRINCIPLES  

The performance of alternative soil fertility management practices depends on site specific 

conditions, which include: 

• The type of soil at the location 

• The rainfall and its distribution over the year 

• The management by the farmer 

• Household supplied and purchased inputs (including cash, labour, draft animals) and 

outputs (including produce kept for household consumption and sales)  

This module explains how farmers (men and women) can be encouraged to try out new ideas 

so that both farmers and extension agents can learn together from different situations. 

Improving farming practices requires facilitation not teaching. 

extension agents should 

• Talk with farmers 

• Work with farmers 

• Learn with farmers, and 

• Suggest new approaches to farmers 
 

There are three key principles in learning about farming. 

i) Solving problems requires ideas from many sources. Information can come from 

other farmers, friends or family, from newspapers and books, radio or TV, extension 

workers or researchers and agro-dealers. 

ii) The best way of learning is “learning by doing”. Listening alone does not provide 

practical experience. It is important to try ideas in the field to be sure it works. 

Observation and judgement are also important. This requires trying the new idea, then 

observing, recording and analysing its performance. 

 

We remember: 

• 20% of what we hear 

• 30% of what we see 

• 50% of what we see and hear 

• 80% of what we say 

• 90% of what we say and do 
Seeing is believing, doing is understanding 

 

iii) Maximising learning comes through discussing ideas and experiences with 

others including other farmers, friends and neighbours. This helps to consolidate the 

new knowledge.  

 

These three principles need to be combined for a successful learning process.  
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As farmers’ knowledge increases and current practices are modified and farmers start using 

quality seed and improved crop management that increase soil organic matter, fertiliser and 

lime, productivity will start to increase, this being a reflection of improving soil health and soil 

fertility. These are referred as Step 1 or “Quick wins”. As farmers gain confidence through 
experimentation and a subsequent increase in knowledge, it is likely that soil organic matter 

will increase with organic and inorganic fertiliser used in combination. In time minimum and 

zero tillage options may be adopted leading to possible reductions in the need for fertiliser as 

nutrients are increasingly recycled. This move towards to increasing intensities of ISFM is 

shown as a stepwise process for both responsive and less responsive soils (Figure 26). 

Figure 26: Improving soil health and productivity related to increasing farmer knowledge 

 

Source: Graph adapted from Van Lauwe, 2013 
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17.2 FARMER FIELD SCHOOLS 

Farmer Field Schools (FFS) bring together groups of farmers to engage in a process of hands-on 

field-based learning over a season or production cycle.  This learning cycle aims to strengthen 

farmers’ skills and knowledge for analysis, to test and validate new practices and to assist in making 

informed decisions on field management. The learning process in the FFS reinforces the 

understanding of complex ecological relations in the field.  

The learning cycle approach also enhances participants’ group cohesion so that they can better work 

as a group, analyse questions or problems, draw on their own experience and observations and the 

experience and knowledge of others, helping to create a consensus and prepare for follow-up action 

once the initial learning cycle finishes.  

Through group experiences and discussions, FFS help to create a basic understanding of how 

groups function. The FFS also includes activities that encourage participants in critical analysis and 

evaluation, and planning for further action once the FFS basic learning cycle is completed. 

In practice, the FFS might often focus on addressing specific technical problems and opportunities 

and therefore be confined to a limited number of issues or topics. However, follow-up actions can be 

more diverse in nature, since they build on ideas identified by the FFS participants.  

Source:  FAO, 2016 

What is an ISFM Farmer Field School?  A FFS comprises individual members of a 

community-based organisation such as a Farmers’ Association or “Farmer Research and 
Extension Group (FREG), usually 15-20 individuals, who use a demonstration for learning 

about ISFM. Individual members can comprise both men and women, as mixed or single 

gender groups or possibly a youth group. 

What is the purpose of an ISFM Farmer Field School?  A FFS aims to provide opportunity, 

firstly to learn by doing and assess by observing through comparing ISFM and normal farmer 

practice on a demonstration plot at a site agreed by FFS members, and secondly to share 

experiences on the best ISFM practices for different crops. 

How does an ISFM FFS operate? A good reliable farmer (a lead or model farmer, male or 

female) selected by the group members makes land available for demonstration and is 

responsible for its management from land preparation through to harvest.  A demonstration 

should include all appropriate ISFM technologies, comparing these with normal farmer 

practices.  The lead or model farmer agrees with FFS members the dates for training and 

observation events, to which all members are invited to participate.  These training and 

observation events represent the curriculum for the ISFM-FFS.  The training events are the 

key operations for ISFM, undertaken both before the season starts as well as during the 

growing season.  If possible, records should be kept of FFS activities including the inputs used, 

training and assessment events and at the end of the season lessons learnt.   

What is expected of the lead or model farmers and members of the FFS?  The farmer 

who should be willing and committed to supporting other members of the FFS,  is expected to 

take the lead in providing training to members of the FFS, facilitated by the Development or 

Extension Agent (DA), but with the DA playing a decreasing role over time.  The lead/model 

farmer is required to share his/her knowledge with members of the FFS.  All members are 

invited to and expected to attend all training and observation events during the year and use 

the knowledge gained on their own farms. 
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What is the role of the Development / Extension Agent (DA) on a FFS?  He or she should 

provide guidance and work closely with the lead / model farmer (MF) and FFS members in the 

first year of operation.  In the second and subsequent years the lead / model farmer is 

expected to be able to guide the FFS activities.  The DA’s role will be to facilitate: 

­ Awareness creation about ISFM. 

­ Support the MF in plot design, management, learning and observation events 

evaluating the difference between ISFM and FP. 

­ Support the FFS (FREG and other Community based organisations) 

­ Farmer learning from the demonstrations. 

­ Training events and observation activities   

 

What training events should a FFS undertake? These will vary between crops and ISFM 

technologies being demonstrated, but typically they could include both in-season and out-of-

season training events (Table 33). 

Table 33: FFS typical in-season and out- of- season training events  

In season Out of season 

Lime application and incorporation Compost / manure making 

Green manure planting and 

incorporation 

Vermi-compost production 

Crop planting/sowing Other 

Use of inoculant (for legumes)  

Line seeding  

Compost or manure application  

Basal fertiliser application  

1st topdressing/1st weeding  

2nd topdressing/2nd weeding  

Harvesting  

 

What observation and evaluation events should be undertaken?  In addition to training it 
is important that opportunity is provided to observe, monitor and evaluate differences 
between ISFM and other practices (Table 34).  

Table 34: FFS typical observation, monitoring and evaluation events  

1 At crop emergence       
­ Crop health or appearance 
­ Other 
­ Plant height 
­ Weed growth 

2 Mid-season 
­ Vegetative growth 
­ Weed growth 
­ Maturity  
­ Grain yield  
­ Other 
­ Benefits of ISFM 
­ What has been learnt?  
­ Germination % 
­ Spacing 

3 At 1st weeding or 1st topdressing 
­ Vegetative growth 
­ Other 
­ Plant height 
­ Flowering  
­ Other 

 
4 At harvest 

­ Size of grain/cobs 
­ Crop residue yield 

 
5 Overall assessment at the end of the 

season 
­ Challenges of ISFM 
­ What will be done differently next year? 
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What comprises a successful FFS for ISFM?  Typically, these would be: 

• ISFM demonstrations are arranged close to FFS members’ homes.  They are well 
organised and used for learning with full participation by farmers and FFS members. 

• Records are kept by the MF for the farmer field school demonstration plots that show 

the difference between ISFM and FP. 

• Demonstrations prove to be profitable with the technology yield gap between ISFM 

plots and other farmer fields being narrowed. 

• ISFM technologies are applied by MF and FFS members on their own farms in addition 

to the demo plot. 

• Adoption of the ISFM technologies by other farmers also occurs. 

 

17.3 TESTING NEW IDEAS THROUGH FARMER DEMONSTRATION AND 

EXPERIMENTATION 

To see whether a new practice works, it needs to be compared to the usual practice. Without 

a comparison it is impossible to tell whether the new practice is better or worse than the 

existing one. 

How to compare: An easy way to compare a new with an existing practice is to put the two 

side by side in the same field (Figure 27). If possible, the field should be divided exactly in 

the middle along the contour so that both sides are the same size, typically 20 metres x 20 

metres. 

Figure 27: A paired plot layout showing two treatments side by side with typical dimensions 

 
Treatment A 

 
 

Farmer’s normal practice 
(Manure only, applied at planting) 

 
 
 
 
 
 
 
 
 
 

 
Treatment B 

 
 

New treatment selected by farmer 
(Manure applied at planting and urea 

applied as a topdressing ) 
 

 

  

20 metres 

20 metres 
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Researchers can often use the same plots to measure yields and growth parameters, and at 
the same time use a series of paired plots from different farms for a more detailed statistical 
analysis.  

Figure 28: Two plots laid out on the same field comparing different practices

 

It is important that the two practices are placed in the same field, to ensure comparisons can 

be fairly made. To ensure a valid comparison, the two plots should have similar soils, the 

same cropping history and the same management practices. Only the practices being 

compared should differ.  

What else to consider when testing new practices? 

• If there is concern about how a new practice will perform, try it on a small 
piece of land. This will avoid loss of the crop if the practice does not work.  

• Trying out new ideas can result in either success or failure. Both are 
experiences from which knowledge can be learnt  

• Use the same seed and the same spacing on both sides, unless 
comparing different varieties or spacing 

• Apply the same amount of fertiliser on both sides, unless comparing how 
the crop grows with different amounts of fertiliser or manure 

• Weed on the same day in the same way on both, unless comparing the 
effect of different weeding methods 
 

17.4 OBSERVING, MONITORING AND EVALUATING 

Observing the demonstrations helps in identification of the reasons why certain practices 

perform better or worse than another. When crops are grown under two different practices 

side by side in the same field, the differences can be easily seen. For instance, on one side 

the maize might grow faster or be higher than on the other side, or cobs may be larger on one 

side. Such observations should be recorded so they are not forgotten. It is also important that 

observations are truthful to avoid biases when the practice is not as promising as was hoped.  
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Monitoring and evaluation (M&E) together with field days and farmer discussions should be 

an integral part of any comparison process. Keeping a demonstration record sheet with 

observations will help in sharing experiences. It will also allow experiences between seasons 

to be compared. 

M&E from a community perspective needs to enable the community to become involved in 

joint learning by sharing ideas and experiences and reflecting on the success and failures of 

the activities being undertaken. Informal sharing of experiences among neighbours and 

friends is unlikely to be sufficient to make the information available to everyone in the 

community. When new soil fertility practices are being demonstrated, two evaluations are 

essential 

• Mid-season evaluation and monitoring of the new practices when the crop is green and 

actively growing.  Differences between local and new practices will be readily apparent. 

Ideally this would be a field day held especially for this purpose.  

Figure 29: Mid-season evaluation, farmers comparing the agronomic performance of the 
practices 

 

• End of season evaluation at or after harvest where the whole process can be evaluated, 

and plans made for the coming season. This should go beyond just measuring yields but 

also involve identifying the benefits and challenges of the new practice.  At the same a 

comparative budget to assess the productivity of the new practice should be undertaken.  

and planning for the next season can also start.  
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Figure 30: End of season evaluation after harvest, farmers assessing the agronomic and 
economic performance 

 

If a new practice is successful, the area on which it is applied can be extended the next season. 

If it is not successful, the reasons should be discussed with others to establish the reasons 

and how it could be modified or adapted in future. It is important not to give up if success is 

not immediate. Some practices can take more than one season to show positive results.  

Through recording long-term observations of the crops and fields, reference material can be 

created, and farming knowledge built in a step by step process. The benefit is that mistakes 

will not be repeated, and experience of earlier years can be built on. Examples of record sheets 

are provided as a guide for helping the M&E process.  
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Figure 31: Land is vulnerable to destruction through poor soil management practices 

 

Figure 32: Land requires protection to prevent soil erosion 
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DEMONSTRATION RECORD SHEET 

Name of farmer: ………………………………………………………………………………………… 

Type of experiment: ………………………………………………………………………………………… 

Field name or number: ………………………………………………………………………………………… 

WHAT DID YOU DO? USUAL PRACTICE NEW PRACTICE 

What did you want to learn?   

What did you try out?   

How did you lay out the field?   

When did you plant?   

Which crop and variety?   

When and how did you fertilise?   

What spacing did you use?   

WHAT DIFFERENCES DID YOU OBSERVE? 

Plant height   

Vegetative development   

Flowering (earlier or later)   

Weed growth   

Soil erosion   

Maturity (earlier or later)   

Size of cobs (smaller or larger)   

Size of grain (smaller or larger   

Total yields (ensuring the two plots 

are exactly the same size 

  

Labour (which required more 

work) 

  

Draft power (which side needed 

more) 

  

What else did you observe   

WHAT LESSONS HAVE YOU LEARNT FROM THIS EXPERIMENT? 

What are the advantages?   

What are the challenges?   

What would you do differently next 

year 

  

  



 

104 

 

FARMER DEMONSTRATION ASSESSMENT SHEET 

AT CROP EMERGENCE 

 

 

 

 

 

BEFORE FIRST WEEDING 

 

 

 

 

 

MID SEASON 

 

 

 

 

 

AT HARVEST 
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INCOME/EXPENDITURE MONITORING RECORD FOR COMPARING NEW PRACTICE AND USUAL PRACTICE 

Farmers name: ………………………………………………………………… 

Year/season: …………………………………………  Area cropped: ………………………………………… 

 Usual practice New practice 

CROP VALUE Quantity  Value Quantity  Value  

Yield     

Grain      

Stover, crop residues for fodder     

Total crop value (A)     

PURCHASED INPUTS USED     

Seed     

Fertiliser at planting     

Fertiliser at top dressing     

Chemicals     

Grain bags     

Hired labour     

Total purchased inputs (B)     

FAMILYSUPPLIED INPUTS     

Labour     

Draft animals     

Manure     

Compost     

Other      

Total family supplied inputs (C)     

TOTAL INPUTS (B+C)     

PROFIT OR LOSS [A-(B+C)]     
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FARMER MONITORING RECORD FOR LABOUR AND DRAFT ANIMALS 

Farmers name: …………………………………………………………………………………………………... 

Year/season: …………………………………………  Area cropped: ………………………………………… 

 HOUSEHOLD SUPPLIED HIRED 

LABOUR Quantity  Value Quantity  Value  

Land preparation     

Opening planting lines     

Applying fertiliser etc. before 

planting 

    

Planting     

First weeding     

Second weeding     

Applying fertiliser as a topdressing      

Pest control     

Harvesting      

Total labour      

DRAFT ANIMALS     

Land preparation     

Opening planting lines     

Applying fertiliser, manure or 

compost at or before planting 

    

Planting     

First weeding     

Second weeding     

Applying fertiliser as a topdressing      

Pest control     

Harvesting      

Total draft animals     

 



 

107 

 

BIBLIOGRAPHY AND FURTHER READING 

Abdenna Deressa, Wakene Negassa Chewaka, and Tilahun Geleto. (2007). Inventory of soil acidity 

status in crop lands of central & western Ethiopia, utilization of diversity in land use systems 

Sustainable and organic approaches to meet human needs, Witzenhausen 9-11, October, 2007 

Africa RISING, 2020.Feed and forage options development in Ethiopia. Brief 46, September 2020 

Agboola, A. and Fayemi, A. , 1972. Fixation and excretion of nitrogen by tropical legumes. Agron. J., 

64,409–12 

Agegnu et al, 2006. Yield performance and land-use efficiency of barley and faba bean mixed cropping 

in the Ethiopian highlands, Europ. J. Argon. 25:202-207 

Anderson J.A. and D’Souza S., 2014. From adoption claims to understanding farmers and contexts. A 

literature review of Conservation Agriculture adoption among smallholder farmers in southern 

Africa. Agriculture Ecosytems and Environment 187, 116-132. 

Arslan A., MCCarthy N., Lipper L., Asfaw S., Cattaneo A., 2014. Adoption and intensity of adoption of 

conservation practices in Zambia. Agriculture, Ecosystems and Environment 187, 72-86.  

Beets, W.C., 1982. Sustainable Continuous Crop Production in a Tropical Environment, ILElA July 1989 

Vol 5, No. 2  

Bezabih Melkamu, Kindu Mekonnen, Aberra Adie and Peter Thorne, 2016.  Guidelines on the utilization 

of cultivated oat-vetch and tree lucerne fodder in the Africa RISING sites of the Ethiopian highlands. 

International Livestock Research Institute. www.africa-rising.net  

Bezdicek, D.F. & Kennedy A.C. 1998 In Lynch J.M., Hobbie JE (eds), Microorganisms in Action. 

Blackwell, Oxford, UK 

BIRU programme 

Bonten, L.T.C., K.B. Zwart, R.P.J.J. Rietra, R. Postma and M.J.G. de Haas, 2014. Bio-slurry as fertilizer; 

Is bio-slurry from household digesters a better fertilizer than manure? A literature review. 

Wageningen, Alterra. Wageningen UR (University & Research centre), Alterra report 2519. 46 pp.; 

2 fig.; 9 tab.; 108 ref. 

Breman, H., (eds) 1998. L'intensification agricole au Sahel, Karthala Editions 

Brown et al 2018 

Carswell G., 2002.  Complexity, change and continuity in southern Ethiopia.  In Scoones I., and 

Wolomer W., (Eds). Pathways of change in Africa: crops, livestock and livelihoods in Mali, Ethiopia 

and Zimbabwe. James Curry, Oxford, Heinemann, Portsmouth. ISBN 0-325-071241-1. 

Chaparro, J.M., Sheflin, A.M., Manter, D. K., Vivanco, J.M.,2012. Manipulating the soil microbiome to 

increase soil health and plant fertility. Biology and Fertility of Soil, July 2012, Volume 48, Issue 5, 

pp 489-499. 

CIWWB, 2004.The worm Guide: A vermi composting guide for Teachers, California Integrated Waste 

Management Board (CIWMB), Available at www.ciwmb.ca.gov/Schools/Curriculum/Worms/  

Clements, R., J. Haggar, A. Quezada, and J. Torres (2011). Technologies for Climate Change 

Adaptation 

Climate-Smart Agriculture in Ethiopia. CSA Country Profiles for Africa Series. CIAT, World Bank 

Cochran, S., 2010. Vermicomposting-"Composting with Worms", University of Nebraska- Extension 

Division, # 107, Lincoln country, USA. www://lancaster.unl.edu/pest/resources/107vermi.pdf 

Conway, G, 2012. One Billion Hungry. Can We Feed the World? Cornstock Publishing Associates, 

Cornell University Press. ISBN 978-08014-5133-1  

Cook, SM, Khan ZR, Pickett JA. 2007. The use of ‘push–pull’ strategies in integrated pest management. 
Annu. Rev. Entomol. 52, 375–400. 

http://www.africa-rising.net/


 

108 

 

Corbeels, M. et al. 2014. Agric. Ecosyst. Environ. 187, 155–170 2014 

Critchley, W.; Reij, C.; Seznec, A. 1992. Water harvesting for plant production. Volume II: Case studies 

and conclusions for Sub-Saharan Africa. World Bank Technical Paper. 

CSSWMD, 2010. Vermicomposting in your classroom, City of Springfield's Solid Waste Management 

District 

Dalzell, N, A. & S. Riddlestone.1987. Soil management: Compost production and use in tropical and 

subtropical environments. Bernan Associates, USA 

Descheemaeker, K.  Limits of conservation agriculture in Africa. Nat Food 1, 402 (2020). 

https://doi.org/10.1038/s43016-020-0119-5b   

Desta, Beyene.1988. Soil Science Research in Ethiopia: A Review . Proceedings of the first Soil 

Science Research Review Workshop, 11-14 February 1986, Addis Ababa, IAR, Addis Ababa.  

Dickerson,G.W., 2001. Vermicomposting, Guide-H 164, Cooperative Extension Services, New Mexico 

State University. Available at <aces.nmsu.edu/pubs/_h/H164.pdf>  

Dorosh, P., and B. Minten. 2020. Ethiopia’s Agrifood System: Past Trends, Present Challenges, and 
Future Scenarios. Washington, DC: International Food Policy Research Institute. 

https://doi.org/10.2499/9780896296916.  

Edwards, C.A. 1999. “Interview with Dr. Clive Edwards”. In: Casting Call; Peter Bogdanov, Ed., 
VermiCo, Merlin, Oregon. 4(1), June Issue 

Edwards, C.A. et al. 2007. The Conversion of Organic Wastes into Vermicomposts and Vermicompost 

‘Teas’ Which Promote Plant Growth and Suppress Pests and Diseases, Soil Ecology Laboratory, 
The Ohio State University, Columbus, OH, USA 

Edwards, S., Arefayne Asmelash, Hailu Araya & Tewolde Berhan Gebre Egziabher, 2007. Impact of 

compost use on crop yields in Tigray, Ethiopia, 2000-2006 inclusive. FAO, Rome.  

Eliot Epstein, 1997. The science of composting, CRS press LLC, USA. 

Ephraim A., Berhanu Fentaw, Seid Ali, 2002. Traditional Rainwater Harvesting Systems for Food 

Production: The Case of Kobo Woreda, Northern Ethiopia. In Ngigi, S. N.,  Rainwater Harvesting 

for Improved Food Security: Promising Technologies in the Greater Horn of Africa. Greater Horn 

of Africa Rainwater Partnership (GHARP) and Kenya Rainwater Association (KRA), Nairobi, 

Kenya.  

Ethiopian Institute of Agricultural Research. 2003. Rhizobia-based bio-fertilizer Guidelines for 

smallholder farmers, www.africasoilhealth.cabi.org/wpcms/wp-content/uploads/2015/02/330-

EIAR-Biofertlizer-manual.pdf 

Ethiopian Panel on Climate Change (EPCC). 2015. First Assessment Report, Working Group II 

Agriculture and Food Security. Ethiopian Academy of Sciences. Addis Ababa. 

FAO (2017): Conservation Agriculture Revised version. Food and Agriculture Organization of the United 

Nations, Rome. Plant Production and Protection Division, Food and Agriculture rganization of the 

United Nations. Viale delle Terme di Caracalla, 00153 Rome, Italy 

FAO, 2016.  Farmer Field School, Guidance document: Planning for quality programmes. ISBN 978-

92-5-109126-5.  Food and Agriculture Organization of the United Nations, Rome, 2016. 

FAO. 2018. The 10 Elements of Agroecology: Guiding the transition to sustainable food and agricultural 

systems. Rome: FAO. 

FAO., 2008. Investing in sustainable intensification – The role of conservation agriculture. Food and 

Agriculture Organization Rome, Italy. 

FAO., 2013. Climate Smart Agriculture, Source Book. Module 4: Soils and their management for CSA. 

(available at http://www.fao.org/docrep/018/i3325e/i3325e.pdf  

https://doi.org/10.1038/s43016-020-0119-5b
https://doi.org/10.2499/9780896296916
http://www.africasoilhealth.cabi.org/wpcms/wp-content/uploads/2015/02/330-EIAR-Biofertlizer-manual.pdf
http://www.africasoilhealth.cabi.org/wpcms/wp-content/uploads/2015/02/330-EIAR-Biofertlizer-manual.pdf


 

109 

 

Friedrich, T., Derpsch, R., Kassam, A.H., 2012. Overview of the global spread of conservation 

agriculture. Veolia Environmental Institute. Facts Reports, Special Issue 6, 1-7. 

Galloway, J. N., Townsend, A. R., Erisman, J. W., Bekunda, M.,Cai, Z., Freney, J. R., Martinelli, L. A., 

Seitzinger, S. P., and Sutton, M. A. 2008: Transformation of the Nitrogen Cycle: Recent Trends, 

Questions and Potential Solutions, Science, 320, 889–892, doi:10.1126/science.1136674, 2008 

Gershuny, G. & D.L. Martin (eds).1992. The Rodale book of composting: Easy methods for every 

gardener. Rodale Press & St Martin’s Press, USA 

Giller, K. E., Corbeels, M., Nyamangara, J., Triomphe, B., Affholder, F., Scopel, E., Tittonell, P.A., 2013. 

A research agenda to explore the role of conservation agriculture in African smallholder farming 

systems. Field Crops Research Volume 124, Issue 3, 20 December 2011, Pages 468-472 

Giller, K.E., Witter, E., Corbeels, M., Tittonell, P., 2009. Conservation agriculture and smallholder 

farming in Africa: The heretics' view. Field Crops Research Volume 114, Issue 1, 1 October 2009, 

Pages 23-34 

Giller, K.E., and Ronner E., (Eds) 2019. The Story of N2Africa, Putting Nitrogen Fixation to Work for 

Smallholder farmers in Africa. Communication Services, Wageningen University and Research  

Glatzel, K., Conway, G., Alpert. E., and Brittain, S., 2014. No Ordinary Matter: Conserving, Restoring 

and Enhancing Africa's Soils. Montpellier Panel Report 

Habtamu Gessesse, 1999. Rainwater Harvesting Concepts and Issues. Paper presented at the 

Founding Conference of the Ethiopian Rainwater Harvesting Association (ERHA). December 17, 

1999. Addis Ababa.  

Hurni, H. 1993. Land degradation, famine and land resource scenarios in Ethiopia.In: D. Pimentel (ed.) 

world soil erosion and conservation 27-62. Cambridge Univ. Press, Cambridge, UK. 

IFAD (International Fund for Agricultural Development), 2013. Water Harvesting Guidelines to Good 

Practice. Rome. Italy. 

IFPRI, 2010. Fertilizer and Soil Fertility Potential in Ethiopia: Constraints and opportunities for 

enhancing the system. July 2010 

Jones, A., Breuning-Madsen, H., Brossard, M., Dampha, A., Deckers, J., Dewitte, O., Gallali, T., Hallett, 

S., Jones, R., Kilasara, M., Le Roux, P., Micheli, E., Montanarella, L., Spaargaren, O., Thiombiano, 

L., Van Ranst, E., Yemefack, M. , Zougmoré R., (eds.), 2013, Soil Atlas of Africa. European 

Commission, Publications Office of the European Union, Luxembourg. 176 pp 

Ketterings, Quirine M., Greg Albrecht, Karl Czymmek, and Shawn Bossard. 2005b. Nitrogen credits 

from manure. Agronomy Fact Sheet 4. Cornell Cooperative Extension. 

http://nmsp.css.cornell.edu/publications/factsheets/factsheet4.pdf 

Khan, Z.R., Midega, C.A.O., Pittchar, J.O., Murag,e A.W., Birkett, M.A., Bruce, T.J.A., Pickett, J.A., 

2014. Achieving food security for one million sub-Saharan African poor through push-pull 

innovation by 2020. Phil. Trans. R. Soc. B 369: 20120284.  

Khan,Z.R., Pickett, J.A., Wadhams, L.J., Hassanali, A., Midega, C.A.O., 2006 Combined control of 

striga and stemborers by maize-Desmodium spp. intercrops. Crop Prot. 25, 989-995Kiwia, A. et 

al. 2009. Coppicing improved fallows are profitable for maize production in striga infested soils of 

western Kenya. Agroforestry Systems 76:455–465  

Lal R., 2020. Regenerative agriculture for food and climate. Journal of Soil and Water Conservation. 

Journal of Soil and Water Conservation September 2020, 75 (5) 123A-124A; DOI: 

https://doi.org/10.2489/jswc.2020.0620A  

Lal, R. 1995. The role of residue management in Sustainable agricultural systems. 

J.sustain.Agric.1995,5,51-78. 

Lal, R. 2005. The world crop residue production and implication of its use as biofuel.Env.Intl.31, 575-

584 



 

110 

 

Lal, R: 1990, ‘Soil erosion and land degradation: The global risks’, in R Lal and B.A. Stewart (eds.), Soil 
Degradation, New York, Springer-Verlag, pp. 129–172. 

Ledgard, S.F., and K.E. Giller. 1995. Atmospheric N2 fixation as an alternative N source. p. 443–486. 

In P.E. Bacon (ed.) Nitrogen fertilizer in the environment. Marcel Dekker, New York. 

Mekdaschi Studer, R. and Liniger, H. 2013. Water Harvesting: Guidelines to Good Practice. Centre for 

Development and Environment (CDE), Bern; Rainwater Harvesting Implementation Network 

(RAIN), Amsterdam; MetaMeta, Wageningen; The International Fund for Agricultural Development 

(IFAD), Rome. 

Mekonnen, Y and Mitiku, H., 2010. The Potential of in situ Rain Water Harvesting for Water Resources 

Conservation on Malaria Transmission in Tigray, Northern Ethiopia. MEJS, Volume 2 (2):49-63, 

2010. Mekelle University.  

Mengistu, M.G., B. Simane, G. Eshete, and T.S. Workneh. 2015. “A Review on Biogas Technology and 
Its Contributions to Sustainable Rural Livelihood in Ethiopia.” Renewable and Sustainable Energy 
Reviews 48: 306–316. 

Mengistu, M.G., B. Simane, G. Eshete, and T.S. Workneh. 2016. “Factors Affecting Households’ 
Decisions in Biogas Technology Adoption, the Case of Ofla and 

Mecha Districts, Northern Ethiopia.” Renewable Energy 93: 215–227. 

Mesfin Abebe. 2007. Nature and Management of Acid Soils in Ethiopia. Alamaya University of 

Agriculture.18 pp.  

Midega, C.A.O., Bruce, T.J., Pickett, J.A., Pittchar, J.O., Murage, A., Khan, Z.R., 2015. Climate-adapted 

companion cropping increases agricultural productivity in East Africa. Field Crops Research 180 

(2015) 118-125. 

MoARD (Ministry of Agriculture and Rural Development) and MOFED (Ministry of Finance and 

Economic Development), 2007. Ethiopia: Building on Progress: A Plan for Accelerated and 

Sustained Development to End Poverty (PASDEP). Addis Ababa. 

Mongi, H.O., A.P. Uriyo, Y.A. Sudi, and B.R. Singh. 1976. An Appraisal of Some Intercropping Methods 

in Terms of Grain Yield, Response to Applied Phosphorus and Monetary Return from Maize and 

Cowpeas. East African Agricultural and Forestry Journal. 42(1): 66-70.  

Montpellier Panel, 2015. The farms of change, African smallholders responding to an uncertain climate 

future. A Montpellier Panel Report 2015 

Munroe, G. 2007. Manual on farm Vermicomposting and Vermiculture, 

www.oacc.info/docs/vermiculture_farmersmanual_gm.pdf 

Murken Lisa and Christoph Gornott, 2019. Climate Risk Analysis for Identifying and Weighing 

Adaptation Strategies in Ethiopia’s Agricultural Sector. A report prepared by the Potsdam Institute 
for Climate Impact Research in cooperation with HFFA Research GmbH for Deutsche Gesellschaft 

für Internationale Zusammenarbeit GmbH.   

Myrold, D.D., and Bottomley, P.J., 2007. Nitrogen mineralization and immobilization. In: Raun, W., and 

Schepers, J.S. (Eds.), Nitrogen in Agricultural Soils. American Society of Agronomy, Madison, WI. 

Osiru, D.S.O., Willey R.W. 1972. Studies on mixture of dwarf sorghum and beans with particular 

reference to plant population. J. Agric. Sci. Cambridge 79:531-560 

Pachauri, R.K., and Meyer, L.A., (eds.), 2014. Climate Change 2014: Synthesis Report. The Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change, Geneva, Switzerland, 151 

pp. 

Pieri, C. 1989. Fertilité des terres de savane: Bilan de 30 ans de recherche et de développement 

agricole au sud du Sahara. Ministère de la Coopération Française et Centre International de 

Recherche en Agriculture pour le Développement, Paris.  

Pittelkow, C. M. et al, 2015. Nature 517, 365–368  

http://www.oacc.info/docs/vermiculture_farmersmanual_gm.pdf


 

111 

 

Postgate, J., 1998. Nitrogen Fixation. Cambridge University Press, Cambridge (UK). 112 pp. 

Powell, J M; Unger, P. W. 1997. Alternatives to Crop Residues for Soil Amendment. In: Renard, C (eds), 

Crop Residues In Sustainable Mixed Crop/Livestock Farming Systems. pp 215-240 

Pretty, J., Pervez Bharucha, Z., Hama Garba, M., Midega, C., Nkonya, E., Settle, W., Zingore, S., 2014. 

Foresight and African Agriculture: Innovations and Policy Opportunities. Foresight, UK 

Government Office for Science. 

Rutunga V., Karanja N. K., Gachene C. K. K., Palm C. 1999. Biomass production and nutrient 

accumulation by Tephrosia vogelii (Hemsley) A. Greyand Tithonia diversifolia Hook F. fallow during 

the six-month fallow period at Maseno, Western Kenya. Biotechnol. Agron. Soc. Environ. 3 (4):237 

– 246 

Sanchez, P.A., 1995, Tropical soil fertility research; towards the second paradigm 

Sanginga N., and Woolmer, P.L., (eds) 2009. Integrated Soil Fertility Management in Africa. Principles, 

Practices and Development Process. Tropical Soil Biology and Fertility Institute of the International 

Centre for Tropical Agriculture, Nairobi 263p. ISBN 978-92-9059-261-7 

Schlede, H., 1989. Distribution of acid soils and liming materials in Ethiopia. Ethiopian Institute of 

Geological Surveys, Ministry of Mines and Energy. Addis Ababa, Ethiopia. 

Scoones, 2104. Why an integrated approach to soil management is essential. http://www.future-

agricultures.org/blog/entry/why-an-integrated-approach-to-soil-management-is-essential  

Scott B.J., Conyers M.K., Poile G.J., Cullis B.R. .1997. Subsurface acidity and liming affect yield of 

cereals. Australian Journal of Agricultural Research 48, 843-854  

Seyoum, Y. and Cajuste, J. 1980. Handbook in pasture and fodder crops for animal feeding in Ethiopia. 

IAR. Unpublished manuscript 

Sherman, R. 2003. Raising Earthworms Successful, North Carolina State University, Publication 

Number  

Singh, Y, Singh, B; Timsina, J. 2005. Crop residue management for nutrient cycling and improving soil 

productivity in rice-based cropping systems in the tropics. Adv. Agro.85:269-407 

Sistema.bio, 2020. The reliable Biodigester solution, creating value from waste. www.sistema.bio/ke. 

Accessed 15th September 2020. 

Smith, J.U., 2013. The Potential of Small-Scale Biogas Digesters to Improve Livelihoods and Long Term 

Sustainability of Ecosystem Services in Sub-Saharan Africa, UKAid, Aberdeen, UK. 

SNV, 2015. “National Biogas Programme of Ethiopia (NBPE). Report on Biogas Users’ Survey (BUS) 

Stoorvogel, J.J., and Smaling E.M.A., 1990. Assessment of Soil Nutrient Depletion in sub-Saharan 

Africa 1983-2000. Report 28. The Winand Staring Centre for Integrated Land, Soil and Water 

Research (SC-DLO), Wageningen. 

Taye ,Bekele .2008. Estimation of Lime Requirement.Training Manual for Regional Soil Testing 

Laboratory Heads ands Technicials. National soil Testing Center, Ministry of Agriculture and Rural 

Development 

Thierfelder, C. et al, 2017. Food Security 9, 537–560, 

Thornton P, Cramer L (editors), 2012. Impacts of climate change on the agricultural and aquatic 

systems and natural resources within the CGIAR’s mandate. CCAFS Working Paper 23. CGIAR 
Research Program on Climate Change, Agriculture and Food Security (CCAFS). Copenhagen, 

Denmark. Available online at: www.ccafs.cgiar.org  

Tisdale, S.L., W.L. Nelson and J.D. Beaton. 1985. Soil and fertilizer potassium, p. 249-291. In: Soil 

fertility and fertilizers. (Eds.): S.I. Tisdale, W.I. Nelson and J.D Beaton. 4th ed. MacMillan publ. 

Co., New York.  

U.S Composting Council. 2001. Field guide to Compost use, www.compostingcouncil.org 

http://www.sistema.bio/ke


 

112 

 

UNDP 2002: Technical Note on the Environment. United Nations Development Programme, DCGE, 

Addis Ababa. 

Vanlauwe, B., Desceemaeker, K., Giller, K.E., Huising, J., Merckx, R., Nziguheba, G., Wendt, J., 

Zingore S., 2014. Integrated soil fertility management in SSA: Unravelling local adaptation. Soil 

Discuss 2014, 1, 1239-1286. http://www.soil-discuss.net/1/1239/2014/soild-1-1239-2014.html   

Vermeulen, S.J., 2014. Climate change, food security and small-scale producers. Climate Change, 

Agriculture and Food Security (CCAFS) Information Brief. CGIAR Research Programme on 

CCAF), Copenhagen, Denmark. 

Wang, J., Raman, H., Zhang, G. Mendham, N. and Zou,M. 2006. Aluminum tolerance in barely 

(Horidium vulgarie L.): Physiological mechanisms, genetics and screening methods. Journal of 

Zhejiang University Science. 7: 769-787 

Warnars L., and Oppenoorth H., 2014,. Bio-slurry, a supreme fertiliser. A study on bio-slurry results and 

uses. HIVOS People Unlimited. 

Wezel , A., Bellon , S., Doré , T., Francis, S., Vallod , D. and David, C. 2009.  Agroecology as a science, 

a movement and a practice. A review. Agronomy for Sustainable Development 29(4):503-515.     

DOI: 10.1007/978-94-007-0394-0_3  

Whitney AS. 1982. The role of legumes in mixed pasture. In: Graham and Harris (eds). 1982. Biological 

nitrogen fixation technology for tropical agriculture. 361-67 CIAT. Cali 

World Bank, 2019. THE POWER OF DUNG:  Lessons learned from on-farm biodigester programs in 

Africa. International Bank for Reconstruction and Development/The World Bank, 1818 H Street 

NW, Washington DC 20433 

Yates, R.A. and Kiss, A. 1992. Using and Sustaining Africa’s Soils, Agriculture and Rural Development 
Series N. 6, Technical Department, Africa Region, WorldBank, Washington, DC. 

Zeleke, G., Agegnehu, G., Abera, D., Rashid, S. 2010. Fertilizer and soil fertility potential in Ethiopia: 

Constraints and opportunities for enhancing the system. IFPRI, Addis Ababa, Ethiopia, 63p. 

Zinash S, Seyoum B. 1989. Utilization of Feed Resources and Feeding Systems in the Central zone of 

Ethiopia, pp. 129-132. In: Proceedings of the Third National Livestock Improvement Conference. 

Addis Ababa, Ethiopia, May 1989. IAR, pp. 24-26. 

Zingore Shamie, Samuel Njoroge, Regis Chikowo, Job Kihara, Generose Nziguheba and Justice 

Nyamangara, 2014.  4R Plant Nutrient Management in African Agriculture. An extension handbook 

for fertilizer management in smallholder farming systems. International Plant Nutrition Institute 

(IPNI). ISBN: 978-0-9960199-0-3.  

 


