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A. Farmer success stories on soil fertility 

Samison Banda, from Mchinji, Malawi, manages his farm with his sister and two nephews. Because his fields lie on a hillside, his ridges and crops were often washed away by heavy rains in the past. "I used to plant three to four times every year because ridges were broken and crops were washed away by rainwater. The size of my land decreased every year. My field was cut by gullies which grew deeper and wider every year." Banda’s yields declined and his family fell deeper into food insecurity. 

In 1993, he took part in a project which offered training in better farming and agroforestry practices. He began to build ridges on hill contours, made tied ridges, planted erosion-controlling vetiver grass, sowed leguminous Tephrosia shrubs, and used improved fallows. In 1994, he planted Faidherbia albida trees on half his land to improve fertility. After several years, soil loss had decreased tremendously, while soil fertility and soil structure had strongly improved. After eight years, the Faidherbia trees were large enough to contribute to soil fertility and provide domestic firewood. 
"Now I harvest enough with little or no chemical fertilizers," says Banda. "My garden preserves enough moisture throughout the year, even when there are dry spells. I am usually the last person to suffer from drought in this catchment," he boasts. Tephrosia also gives him fuel wood, pesticides from the leaves, and cash from selling extra seed. With this money, he has bought clothes for his family, a new radio, and two bags of chemical fertilizer.

Mama Susanna Sylvester lives in the Kondoa district of Dodoma region, in central Tanzania. Annual rainfall is very low in the area. This elderly woman heads a household that farms six hectares of land. Susanna used to be relatively poor, like most of her neighbours. But this creative farmer developed a composting system which has served her well. 

She mixes crop wastes with fodder residues, and adds manure and urine from her zero-grazed cow and stall-fed pig. She puts the mixture in large pits, and then adds ash and wastewater from household washing to keep the compost moist. Her compost has made her land much more fertile. She has even been able to sell surplus compost. She states that over 30 farmers, both men and women, have followed her novel technique for making compost.

B. Background information 

Fertile soil has the following properties:

· It is rich in the nutrients which are necessary for plant nutrition, including nitrogen, phosphorus and potassium (N-P-K).
· It contains trace elements which are also critical for plant nutrition, but are needed in much smaller quantities than N-P-K. These include boron, cobalt, copper, iron and several others. 

· It contains good levels of organic matter, which improves soil structure and its ability to hold water. 

· The soil pH (an indicator of acidity or alkalinity) is balanced.

· It has good soil structure, so it drains well. 

· It contains a range of macro-organisms (earthworms, termites, etc.) and micro-organisms (fungi, bacteria, etc.), that help support plant growth and health.

How is soil degraded? 

When the nutrients which lead to soil fertility are removed and not replaced, or when the conditions that support soil fertility are not maintained, soil becomes degraded. This leads to poor yields. 

African soils are often low in nutrients to begin with. If you add to that the combined effects of shorter fallow times and continuous cropping, slash-and-burn agriculture, and other factors, soils can become seriously degraded or depleted. 

Soil degradation can occur through too much tilling of the soil, which damages soil structure. Also, overusing inputs such as synthetic fertilizers and herbicides can leave residues and buildups that hinder the work of microorganisms. A buildup of salt in the soil, often associated with irrigation, can deplete fertility and limit crop yields. 

Soil which is left bare after burning residues or harvesting crops is vulnerable to erosion from wind and rain. The topsoil that is washed or blown away contains most of the soil nutrients.

In dry areas, some soils are severely degraded. Some bare and crusted soils are virtually “dead.” Yet a project in Burkina Faso showed that farmers can achieve good success even with these kinds of soils. The farmers applied mulch to attract termites. The termites then broke up the hardened soil, which increased water infiltration. The land became productive enough to farm within months. 

A little soil science 

The physical characteristics of the soil determine how much water a soil will hold. Soils which hold a good amount of water have many small pores which hold water until it can be taken up by plant roots. Soil must also be adequately aerated. Air is stored in larger pores in the soil. Soils which have been compressed by the constant weight of equipment or livestock will not have a good structure, contain little water or air, and therefore have poor fertility. 

Soil chemistry affects the availability of plant nutrients in the soil. The pH level of the soil, together with its aeration, affects the form in which nutrients are found in the soil. A measure called CEC (cation exchange capacity) indicates the amount and type of clay in soils, as well as organic matter content. A good CEC level indicates that a soil can hold nutrients in a form which is readily available for uptake by plant roots. In general, soils which contain higher amounts of clay (rather than sand), and a high percentage of organic matter, have better CEC levels. 

The biological life in the soil – soil-dwelling macro-organisms and micro-organisms – breaks down crop residues into organic matter. A healthy biological life in the soil also limits many plant diseases and soil-dwelling pests which damage crops. 

The level of organic matter in the soil is critical to soil fertility. Organic matter levels affect soil structure, cation exchange capacity, the amount of water that the soil can hold, and the level of nutrients available for plant growth. 

Managing soil fertility: principles and practices

A system called integrated plant nutrient management recommends that farmers use the following three principles for best soil fertility:

1. Maximize the use of organic sources of fertilizer

2. Minimize the loss of soil nutrients by using soil and water conservation practices
3. Carefully use inorganic fertilizers according to need

Using organic matter to fertilize the soil: How it works

Micro-organisms decompose organic materials such as crop residues. This decomposition releases nutrients for uptake by plant roots. Nitrogen is mineralized by micro-organisms. This means that micro-organisms decompose the nitrogen, turning it into forms which are easier for plants to use. But micro-organisms themselves consume nutrients such as carbon and nitrogen. 

All organic materials are made up of about half carbon. But the level of nitrogen varies widely between different types of material. In general, organic material that is old and tough has a high carbon to nitrogen ratio (C:N ratio). So the nitrogen content is low compared to the amount of carbon. Young and succulent material generally has a low C: N ratio, and thus a higher nitrogen content. 

If old and tough organic material (such as straw) is added to the soil or to a compost pile, the soil micro-organisms will first need more nitrogen than can be released from the straw. So they will absorb not only all of the nitrogen that is released from the straw, but also all of the nitrogen that is available in the soil. Thus, after straw is incorporated into the soil, there is a period of time in which all of the available nitrogen in the soil is taken up by the micro-organisms. This is called immobilization. Little or no nitrogen is then available for the plants. When the straw is completely decomposed, there is no longer enough food available for all of the micro-organisms. A large proportion of the micro-organisms then die and are themselves decomposed. The nitrogen that the micro-organisms had immobilized is then available for plants. In warm, moist conditions this cycle occurs quickly, and the period of immobilization is short, measured in weeks. In drier areas, the period of immobilization is longer, requiring more than a growing season.
Legume crops

Legumes add nitrogen to the soil, mostly through falling leaves, but also when their roots and nitrogen-rich root nodules decompose underground. The organic matter produced by legumes is rich in nitrogen, decomposes quickly and is a good source of nitrogen for other plants. Herbaceous (non-woody) green manure legumes (often called cover crops) and fast-growing leguminous trees are excellent ways to improve soil fertility. Cover crops also provide a dense soil cover that can prevent soil erosion, evaporation of water, and suppress weeds. 

But legumes need good conditions to grow and farmers may have to improve the soil first, so that legumes can contribute to soil fertility. The most common problem is a shortage of phosphorus. In highly acid soils, liming or adding animal manure can raise the pH and increase the availability of phosphorus. In most soils, however, the only option is to add phosphorus. As phosphorus fertilizers are not normally affordable for African farmers, a good strategy is to use rock phosphates. A farmer should be careful to obtain sources of rock phosphate that are effective at providing nutrients for his or her crops. Sources of rock phosphate may be obtained through extension officers or district agricultural offices.  

Some soil fertility practices are indigenous to particular regions. For example, in the Usambara Mountains in north-western Tanzania, farmers use a local plant called Tighutu to increase soil fertility (see resource 17). In central India, farmers spread groundnut shells on cattle bedding and remove them when they are soaked with urine, then mix them with dung (see resource 18). In areas near Lake Victoria and elsewhere, water hyacinth is used as a base for making compost (see resource 19). 


Two more success stories 

The Gacheru Self-Help Group, a farmers’ group in central Kenya, has benefited by using a fertilizer made from local weeds. According to the farmers, the organic fertilizer solution works well and is far cheaper than inorganic fertilizers. The process for making the solution was developed by the Kenya Agricultural Research Institute and involves extracting juice from two local weeds, Desmodium and Tithonia. These weeds are high in nitrogen, which boosts crop yields, says farm manager Samuel Mugo. "They fight all manner of destructive weeds and give us high yields from our farms." The process is simple. The farmers thresh the weeds, then mix them with water in a drum. The solution is then ready to use.
Zambian farmers use termite soil to improve soil fertility: Zambian farmers traditionally used soil from termite mounds as a fertilizer. But when inorganic fertilizers became available at subsidized prices, this practice declined in popularity. When the subsidies were removed, many farmers resumed the practice. 

A suitable termite mound is chosen and cleared of vegetation. Soil from the top of the mound is removed, but the base is left intact so that the colony is not destroyed. The soil is transported to the field and, before the rains begin, farmers work it into the topsoil with ploughs, hoes or shovels. Where farmers practice conservation farming, the soil is placed in planting pits.

The termite soil is applied once every three years. Maize harvests were 33 percent higher in fields with termite soil than in fields where inorganic fertilizers were used. Termite mound soils have lots of clay, which improves water storage. In southern Zambia, soils are normally poor at holding water, so using termite soil helps hold more water and improve crop yields. Termite soils also have high levels of calcium, phosphorus and organic matter, which all contribute to better crop yields and health. 

Other useful practices for improving soil fertility include:

· Composting: Making compost involves combining fresh “green” plant materials which contain lots of nitrogen (for example, fresh leaves and kitchen food waste) with older “brown” materials such as crop residues which are high in carbon. These materials are mixed and then broken down – normally in a compost pit or compost pile – through aerobic decomposition (decomposition in the presence of oxygen) into a rich black soil. The decomposition is performed by micro-organisms, mostly bacteria, but also yeasts and fungi. The process of composting is simple and can be practiced by individuals in their homes, farmers on their land, and by people living in cities. There are many ways to create and use compost. To learn about various methods, see Farm Radio International scripts on compost at http://www.farmradio.org/english/radio-scripts/fertilization.asp.

· Animal manure: Animal dung contributes to soil fertility by adding organic matter and nutrients, especially nitrogen. Livestock manure often includes plant materials such as the straw used for animal bedding. Livestock bedding is also useful because it has often absorbed animal dung and urine. 

· Using rock phosphates: These are mined rocks which contain phosphate, and which are used to provide the mineral phosphorus, the P in N-P-K. Natural deposits of rock phosphates are found in Senegal, South Africa, Mali, Tanzania, Nigeria, Niger, and some other African countries. See further resources at http://farmradio.org/english/radio-scripts/74-8script_en.asp and http://www.uoguelph.ca/~geology/rocks_for_crops/  

· Agroforestry: Growing trees and shrubs together with crops reduces the loss of soil nutrients.  Because trees and bushes usually have highly developed root systems, they can absorb and store many nutrients which are unavailable to crops with shallow root systems. In this way, trees and shrubs keep nutrients from being leached during periods when no other crops are being cultivated. After the leaves or cuttings fall to the ground, the nutrients once again become available to the crops as the leaves and cuttings decompose. Trees and shrubs can also form hedges that protect crops and soil from wind and from heavy rains which runoff over the surface of the soil. For example, in West Africa, Acacia species increase soil fertility by providing organic matter in its leaves, fixing nitrogen in the soil, capturing nutrients with its extensive root system, and shading cattle in the dry season (the cow dung enhances soil fertility). 

Micro-dosing of inorganic fertilizer 

Inorganic fertilizer is often too expensive for small-scale farmers, especially the recommended dosages often suggested by extension agents or fertilizer suppliers. However, recent research has shown that, when carefully applied, much smaller doses of inorganic fertilizer can have a strongly positive effect on crop yields. This is called micro-dosing. Together with extensive use of organic materials and efforts to conserve soil and water, inorganic fertilizer can be a useful input. 

Micro-dosing is simple. Here’s how it works: Fertilizers such as di-ammonium phosphate (DAP) or NPK (nitrogen-phosphorus-potassium fertilizers) are placed in planting holes along with the seed, and then covered with soil. In West Africa, farmers found a labour-saving method for micro-dosing. While one farmer walks through the field making planting holes, a second follows him or her with two vessels: one with the seed and the other with DAP or NPK. He plants the seed, adds a three-finger pinch of fertilizer, and pushes the soil over the hole with his feet. The three-finger pinch of fertilizer is about two grams, although it should be added that in some areas smaller amounts have significantly increased yields. The micro-dosing is supplemented with one gram of urea per plant three weeks after sowing. In the West African Sahel, micro-dosing has resulted in yield increases of between 44 and 120% for pearl millet and sorghum. 

D. Production ideas

There are many ways to create radio programming on soil fertility. Here are a few:

· Interview farming families whose food security and income are threatened by infertile soil, especially when soil fertility is caused or worsened by climate change. Also interview farming families whose food security has been improved by making changes in their farming and livelihood system to improve soil fertility. 

· Write and produce a five-minute drama about a farmer who has improved soil fertility in response to the changing climate. Contrast this farmer’s story with a neighbouring farmer who has not taken measures to improve soil fertility in response to the changing climate. 

· Interview individual farmers or members in a farmers’ group about how they see changing weather affecting the fertility of the soil. These interviews might be best conducted in the field, but could be also done in the studio. Ask the farmers:

· What changes have you noticed in the weather and in the fertility of your soil? 

· Have you made any changes to your farming and livelihood in response to changes in the weather? 

· Have you received advice from extension workers, farmers, or other people on how to improve your soil fertility?

· What are the barriers to adopting some of the changes that have been suggested? 

· Interview an expert on soil fertility from a national or international agricultural research institute, an agricultural university, or an NGO. Questions to ask include:

· What kinds of improvements to soil fertility have proven successful in your country, your region, or your community? 

· Are there specific practices which farmers might take to respond to declining soil fertility which is due to changes in the climate? 

· Are these approaches affordable and practical for small-scale farmers? If not, what barriers might prevent small-scale farmers from adopting them? How can these barriers be overcome?

· How is information about successful approaches being communicated to farmers?

· Are there successful indigenous or traditional methods for improving soil fertility, ones which will help farmers adapt to the changing climate? 

· Produce a call-in or text-in program. Invite a soil fertility expert to the studio, and invite callers to call or text questions about how to adapt to fertility problems caused by or made worse by the changing weather. The expert could be, for example, a farmer, an academic researcher, or an extension agent.

· Produce 4-6 radio spots which explain the importance of improving soil fertility to adapt to the changing climate. Each spot could start with the same “punchy” lead line and discuss one important element of an integrated approach, including:

· using leguminous plants as intercrops, 

· agroforestry techniques to improve soil fertility, 

· using cover crops and green manures to improve soil fertility 

· best use and storage of animal manure, and 

· micro-dosing of synthetic fertilizers. 

· Host or chair a roundtable discussion on the changing weather and how it is affecting soil fertility in your community. Invite representatives from various groups: farmers’ groups, civic and traditional leaders, leaders of women’s groups, educators, health professionals, NGO representatives, and concerned citizens.  

· Interview members of nearby (or distant) communities that have successfully addressed issues concerning soil fertility and the changing climate. Follow up with a call-in or text-in program which considers whether these solutions would work for your community. 

· Hold a poetry contest: invite listeners to submit poems about soil fertility and climate change and offer a prize to the “best poem.” Read all the good submissions on the air.

E. Further resources

Radio programs

1. Six programs from CTA’s Rural Resource Pack at http://ruralradio.cta.int/SoilFertility.htm: 

a. A better service from dealers: The president of an association of fertilizer dealers in Ghana explains why farmers should get a better deal in future.

b. Policies count too: A scientist working in the field of natural resource management says that policy makers must recognize the link between land tenure and the willingness of farmers to invest in soil fertility.

c. Conservation farming: part of the process? The Secretary of the African Conservation Tillage Network explains the many advantages to farmers of conservation farming.

d. Farmer field schools for soil: Declining yields and a thirst for knowledge brings farmers to a school with a difference.

e. Big companies: bigger profits for small farmers: In Nigeria, smallholder farmers find it worth their while to invest in soil fertility because they are now selling their farm produce to some of the biggest names in business.

f. The rights of women who till the soil: Poor tools, poor information, poor soils and poverty – tackling the problems by fighting for the rights of women in north western Cameroon.

2. Safe fertiliser from toilet waste – AGFAX, October 2008, http://www.agfax.net/index.php 

3. Trapping plant food in the soil – AGFAX, September 2007, http://www.agfax.net/index.php 

4. Calliandra, the fertility plant – AGFAX, June 2007, http://www.agfax.net/index.php 

5. Cell phones for soil fertility – AGFAX, May 2007, http://www.agfax.net/index.php 

6. Seed and fertiliser for African Fields – AGFAX, November 2006, http://www.agfax.net/index.php 

7. Better soil, better food – AGFAX, April 2007, http://www.agfax.net/index.php
8. Nurturing nitrogen – AGFAX, February 2007, http://www.agfax.net/index.php 

9. Nakuru’s compost cooperative – AGFAX, February 2009,  http://www.agfax.net/radio/detail.php?i=233
Documents

1. CTA Rural Radio Pack on soil fertility: Technical information, pack usage details, resources and full scripts. Word document available at http://ruralradio.cta.int/SoilFertility.htm
2. Farm Radio International scripts on soil fertilization at http://www.farmradio.org/english/radio-scripts/fertilization.asp 

3. Patrick Mwalukisa. Changing attitudes to night-soil in Tanzania. LEISA, Volume 24, Number 2, June 2008, pages 26-27. http://www.leisa.info/index.php?url=getblob.php&o_id=209105&a_id=211&a_seq=0  

4. Elisèe Ouèdraogo, Abdoulaye Mando et Lijbert Brussard. Termites and mulch work together to rehabilitate soils. LEISA, Volume 24, Number 2, June 2008, page 28.  http://www.ileia.org/index.php?url=getblob.php&o_id=209106&a_id=211&a_seq=0 

5. Ken Giller, Michael Misiko et  Pablo Tittonell. Managing organic resource for soil amendment.  LEISA, Volume 22, Number 4, December 2006, pages 16-17. http://www.ileia.org/index.php?url=getblob.php&o_id=87905&a_id=211&a_seq=0 

6. John Andrew Siame. Termite mounds as fertilizer. LEISA, Volume 21, Number 2, June 2005, page 29.  http://www.leisa.info/index.php?url=article-details.tpl&p[_id]=81303 

7. Ken Giller. Kick-starting legumes. LEISA, Volume 19, Number 4, December 2003, pages 19-20.  http://www.ileia.org/index.php?url=getblob.php&o_id=12706&a_id=211&a_seq=0 

8. Davies Onduru, Fredrick Muchena, Louis Gachimbi and André de Jager. Farmer field school on nutrient management. LEISA, Volume 19, Number 4, December 2003, pages 26-27.  http://www.ileia.org/index.php?url=getblob.php&o_id=12711&a_id=211&a_seq=0 
9. Henk Breman.  Integrated Soil Fertility Management: Opportunities for smallholders in West Africa. LEISA, Volume 18, Number 3, October 2002, page 15.  http://www.leisa.info/index.php?url=getblob.php&o_id=12605&a_id=211&a_seq=0 
10. Nelson A.R. Mango. Adaptation of the zero grazing concept by Luo farmers in Kenya. LEISA, Volume 18, Number 1, April 2002, pages 18-19.   http://www.ileia.org/index.php?url=getblob.php&o_id=12567&a_id=211&a_seq=0 

11. Ousmane Hassane, 2003. Strategic Application of Fertilizers (Micro-dose) for Small Farmer Prosperity in the Sahel. Poster presented at the International Symposium for Sustainable Dryland Agriculture Systems, Niamey, Niger, December 2-5, 2003. http://www.ciat.cgiar.org/epmr_ciat/pdf/poster_27_epmr07.pdf
12. ICRISAT, no date.  Small fertilizer doses yield big impact in sub-Saharan Africa. Available at http://www.icrisat.org/New&Events/Smallfertilizer.htm 

13. Canon E.N. Savala, Musa N. Omare and Paul L. Woomer, 2003. Chapters on Composting Technique, in Organic Resource Management in Kenya: Perspectives and Guidelines. Forum for Organic Resource Management and Agricultural Technologies (FORMAT), 2003. http://www.formatkenya.org/ormbook/Chapters/TOC.htm 

14. Drylands Coordination Group, no date. A Promising Practice: Integrated Plant Nutrient Management in Mali. www.drylands-group.org/noop/file.php?id=523 
15. Laura van Schöll and Rienke Nieuwenhuis, 2004. Agrodok 2: Soil Fertility Management. http://www.journeytoforever.org/farm_library/AD2.pdf 

16. FAO, 2001. Soil fertility management in support of food security in Sub-Saharan Africa. ftp://ftp.fao.org/agl/agll/docs/foodsec.pdf 

17. Wickama and Mwihomeke, 2006. The Role of Indigenous Knowledge in Combating Soil Infertility and Poverty. Available for download at http://www.impactalliance.org/ev02.php?ID=24516_201&ID2=DO_TOPIC 

18. Maruthi and Srinivas, 2006. Transferring an Indigenous Practice for Soil Improvement: Cattle Manure with Groundnut Shells. IK Notes, #98, 2006. http://siteresources.worldbank.org/INTINDKNOWLEDGE/Resources/iknt98.htm 

19. Practical Action, no date. Water Hyacinth. http://practicalactionconsulting.org/practicalanswers/product_info.php?products_id=189 

Organizations

Talk to people with expertise in soil fertility at many organizations, including:

· national agricultural institutes in many countries,

· government departments of agriculture,

· universities and community colleges with departments of agriculture, and

· international agricultural research institutes, including:

· the International Institute for Tropical Agriculture (IITA) (http://www.iita.org/),   

· the African Rice Center (WARDA) (http://www.warda.org/), and  

· the World Agroforestry Centre (ICRAF) (www.worldagroforestry.org/). 
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Notes to broadcaster





Soil fertility is declining in many parts of sub-Saharan Africa. Climate change is expected to bring more extreme weather events such as flooding, drought, and more unpredictable weather. These changes will likely only deepen problems with soil fertility. 





Soil fertility is declining for a variety of reasons. Some common farming practices, including burning crop residues and leaving soil bare and unprotected from the sun and wind, are part of the problem. Excessive or insufficient use of fertilizers and improper crop rotations also lead to declining soil fertility. 





But there are many traditional and modern practices which can help boost soil fertility, and assist farmers in making their farms more resilient and resistant to the changing climate. These include micro-dosing of fertilizer, using rather than burning crop residues and other organic matter, planting nitrogen-fixing crops and trees, making good use of compost and manure, and taking steps to prevent wind and water erosion.





A good soil fertility strategy for farmers is to make best use of all organic sources of plant nutrients. It is also wise to use practices which conserve soil and water, and, when possible, to make careful use of small amounts of expensive inorganic fertilizers. Organic sources of nutrients include legumes, green manures and cover crops, composts, and animal manures. The best practices will vary by region, and will often build on local knowledge.





This issue pack begins with two true stories about farmers and soil fertility. It then offers some background information on soil fertility. Next, it suggests some starting points for creating locally relevant radio programs on the subject. Finally, it points to various resources on soil fertility – radio programs, documents, and organizations.  








Farmer science – tests for determining the best way to use different kinds of organic materials to fertilize the soil





Scientists analyze the quality of crop residues in a laboratory. They use equipment to conduct tests which measure the amount of nitrogen, carbon, lignin and other substances in the residues. 





But tests can also be conducted by farmers. For example, nitrogen levels in leaves and other material can be estimated simply on the basis of colour. Dark green leaves are higher in nitrogen, and make good fertilizer. Yellow leaves are lower in nitrogen and do not, by themselves, make good fertilizer. 





Using this simple nitrogen test and simple tests for two substances – lignin and polyphenols – results in the following guidelines for use of organic materials:





Dark green leaves low in lignin but which have an astringent (bitter) taste should not be incorporated directly, but can be mixed with purchased fertilizers or high quality organic matter for later application to the soil. 


Dark green leaves, which tear easily, are low in lignin. Dark green leaves low in lignin and which do not have an astringent (bitter) taste (from polyphenols) make the best fertilizer and can be incorporated directly with annual crops. 


Leaves which are low in nitrogen (yellowish, rather than dark green) and which tear easily (are low in lignin) can also be mixed with fertilizer or added to compost. 


Leaves which are low in nitrogen and which do not tear easily are best used as surface applications for water and erosion control (as mulch).  





Using these kinds of tests and guidelines at a farmer field school in Kenya, farmers picked fresh green leaves of hedgerow plants and incorporated them into compost heaps to speed up decay. Nitrogen-rich organic residues were in very short supply for these farmers. These materials were mostly used to fertilize high-value tomatoes and cabbages. Maize stover was used as fuel for cooking, particularly by poorer households. Farmers with lots of poor-quality organic materials used it as bedding for cattle, and eventually added it to the manure heap, or used it as mulch to assist in soil conservation. The farmers learned that more succulent and fibrous leaves or material such as sisal and Euphorbia decayed slowly, were hard to crush, difficult to compost and of little use for nutrient management. 
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