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Summary 

This handbook is a revised version of the first edition which was based on results from a research project

�“Conserving biodiversity on the modernising farmed landscapes of Uganda�” (COBA). The COBA project

aimed to identify best practices for the long term conservation of biodiversity in farmed landscapes of

Uganda and establish a framework for sustainable agricultural development and monitoring. The

identified best practices for biodiversity conservation were presented in the first edition of the

handbook. The second edition has specifically been produced to present findings from research that was

carried out in the first COBA. This edition contains two section; one on COBA findings and another on

practices that have been observed and could help sustain biodiversity as well as enhance agricultural

production in the modernising farmed landscapes of Uganda.  
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THE COBA RESULTS what it means for sustaining biodiversity and increasing

agricultural production in Uganda

Agriculture and Biodiversity

Agricultural development is a major cause of biodiversity loss and terrestrial habitat degradation. Yet,

two major policy initiatives, the Poverty Eradication Action Plan (PEAP) and the Plan for the

Modernization of Agriculture (PMA), agree that sustainable and productive land use is the key to

economic growth and poverty eradication in rural Uganda. In the past, agricultural areas were largely

ignored in conservation efforts as they were assumed to have only marginal contributions to biodiversity

conservation. Instead efforts have been made to protect endangered species by designating protected

areas. Protection of agricultural areas for the conservation of endangered species is rarely talked about

especially in Uganda (Nalwanga, 2011).

 
Globally however, there is evidence that modern agricultural techniques are threatening biodiversity

and other natural resources that it depends upon. This is largely due to the loss of natural habitat as

more and more land, such as forest, swamps, ponds and field boundaries, is cleared () for agricultural

production. Agricultural intensification has reduced the availability of food plants and habitat for

biodiversity through conversion of semi natural land to intensive farmland and changing agricultural

practices. One group of species particularly affected is the wild pollinators as they are almost completely

reliant on resources available in the landscape; the number of visits to crop fields by wild pollinators

tends to drop with distance from semi natural areas (Power, 2010).

Another problem is the intensification of management on land already under production, such as

increased use of chemical inputs and changes in cropping patterns e.g. from mixed cropping to crop

monocultures , lack of crop rotations and introduction of new crop varieties (Tilman, 1999). In Uganda,

35% of land is under agriculture (NEMA, 2002). Agriculture contributes up to 42% of Uganda�’s GDP

(NEMA, 2002), the most important crops in terms of total area being banana and coffee and supports

the livelihoods of 85% of the country�’s 34 million people (NEMA, 2008).

Overall, 60 75% of crops grown in Uganda to sustain the economy and livelihoods depend on

pollinators (Munyuli, 2010). Coffee, Uganda�‘s most important cash crop and foreign revenuer earner, is
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highly dependent on animal pollination, with bees comprising the dominant taxa, others including birds,

butterflies and bats (Munyuli, 2010). But the recent COBA study (Munyuli, 2010) shows that pollinator

populations are being affected by inappropriate agricultural practices. Following are examples showing

the importance of pollinators in agricultural landscapes starting with the global picture followed by

more highlights from the COBA study.

Box 1: Case study Hand pollinating pears

China faces the task of continuing to support high agricultural productivity while both the agricultural
land base is declining, and rural incomes are not keeping pace with incomes from other sectors.
Cultivation of various fruit trees is considered one of the most important options for income generation,
with limited cultivated land. Pears are one of the important temperate fruit crops and their cultivation
has been promoted, especially in mountainous and hilly areas of China. Remarkably, most of the pear
trees are pollinated by hand. Extensive hand pollination began in the mid 1980s when large scale pear
cultivation started. An epidemic of pear lice some years ago led to the adoption of intensive use of
insecticides, and since then there has been a dearth of wild and domesticated bees. Growers estimate
that without hand pollination, yields would drop by 90 95%. Through hand pollination, farmers have
learned the details of how to prepare pollen for pollination and how and when to pollinate pears, it has
also shown them how demanding it is to use human labour as an ecosystem service.
Some families have planted polliniser trees (that is, other varieties capable of cross pollinating the
flowers on the main pear variety) in home gardens where the flowers cannot be stolen, and are selling
the pollen. Farmers now know that when it is sunny, clear and hot, most flowers are ready to be
pollinated so it must be done within one to three days, and must be completed within that time; yet
every flower must be �“visited�” by a human pollinator twice. Usually a person can only pollinate 30 40
trees a day hence the need to hire labour especially when the flowering periods are short.
Each tree is pollinated 2 5 times, and farmers recognize that this actually leads to over pollination, such
that they must then spend considerable time cutting off some of the young fruits, but this is preferred to
having fewer fruit set. Farmers are working hard to find alternatives that can replace or reduce
dependence on hand pollination.

From Pollination services for sustainable agriculture: Rapid assessment of Pollinator status. Global Action on
Pollination Services for Sustainable Agriculture Rome 2008
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Box 2: Showing the global value of pollinators  

Out of the 115 crops whose pollen vectors were determined in a recent global study, over 75% depend
to some degree upon animal pollination. Among the leading crops that benefit from animal pollination,
13 are entirely reliant upon animal pollinators, 30 are greatly dependent and 27 are moderately
dependent. A few crops rely entirely on pollinators for reproduction; without pollinators, a crop could
only be produced with human help via hand pollination.
These include cocoa, one of the most important cash crops in tropical countries, the vitamin rich and
tasty kiwifruit, passion fruit, annona and sapodilla fruits, as well as vanilla, squashes and pumpkins,
cantaloupes and watermelons, Brazil and macadamia nuts. Most crops showed a production increase
between 5 and 50% as a result of pollination by animals (mainly bees).

Pollination services for sustainable agriculture: Rapid assessment of Pollinator status. Global Action on Pollination Services for Sustainable
Agriculture Rome 2008

In Uganda, the COBA study revealed that the most wildlife species rich sites are those that support

mixed farming on small scale while large scale monocultures (eg. sugar cane and tea plantations) are

the least species rich (Nalwanga, 2011).

Box 3: Results from the bird survey
The previous study (Nalwanga, 2011) found that retaining pristine forest areas whilst farming a
separate area at high intensity results in higher densities of most bird species than land sharing,
where a larger area of land is farmed at a lower intensity. The results also indicate that small scale
mixed farms have a higher bird species richness and bird densities than large scale monoculture
farms. Small sized birds react more towards local scale habitat changes while larger birds react
more towards landscape habitat changes.
In total, 218 bird species were recorded during the counts. The numbers of species recorded in a
single site ranged from 72 to 123 species.
Bird species richness decreased with increasing human population density and the proportion of
cultivated land at the sites, but increased with increasing crop diversity. Species richness for species that
are more sensitive to forest habitat loss; ie those that depend on forests, those that eat fruits and those
that feed on nectar, increased with increasing numbers of trees at the sites, especially large trees and
with increasing proportion of fallow land at the sites.
Further analysis involving additional surveys in forest (Hulme et al 2011) has confirmed the value of land
sparing for retaining higher densities of a large number of species in the landscape.

The same COBA study also revealed that pollination services from bees total US$ 149 million particularly

towards coffee production in the Banana coffee zones of Uganda (Munyuli, 2010).
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Box 4: Results from the insects survey
Prior to this study, only c. 50 species of bee were known to occur in Uganda. This study recorded over
500 species, including some most likely new to science. The study found that bees are essential and vital
in sustaining coffee production as they are the main pollinators of coffee which many Ugandan farmers
depend upon for food security (Munyuli, 2010).

The value of bees for a large coffee farm in the previous project was found to be higher if the farm
was surrounded by a high amount of linear and non linear semi natural habitats (eg. woodland,
hedges, unimproved pasture land, fallow land, woodlots, grasslands and tree plantations) and an
increase of 40 100% of the density/diversity of bees was associated with approximately 90%
increase in the coffee yield, particularly for coffee fields near linear and non linear habitats
(Munyuli, 2010).
The diversity of nesting sites and floral resources were therefore the main factors determining bee
abundance and diversity. Similar results were obtained for butterflies such that species richness
increased with increasing crop diversity and more fallow land
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Practices that sustain biodiversity in farmed landscapes

Agro forestry

A. Traditional Agro forestry
Agro forestry, the growing of trees on farmland, is practiced by many farmers in Uganda.
Indigenous and exotic tree species including fruit and medicinal trees are grown together with
crops throughout most of the farming systems of Uganda.
This involves management of selected mature trees already on the farm or planting new trees.
This practice is believed to contribute to improving food security indirectly and consequently
livelihoods of the community and at the same time promoting biodiversity conservation.
Diverse agroforestry systems provide important habitats for biodiversity, especially when they
are compared with other agricultural systems.
Examples:
Markhamia lutea, a native tree species, is suitable for the Banana Coffee and Montane farming
systems, provides poles and timber, its flowers are medicinal, it�’s a wind breaker and a
boundary marker.Maesopsis eminii a native species, like some Albizia species, helps in
increasing the productivity of coffee and bananas. All the above provide shade for crops and
habitat for pollinators which are important in increasing farmers�’ crop yields.
Ficus natalensis improves soil properties, provides shade for coffee and provides fodder for
goats

Figure 1: Trees, banana and coffee, shading at different levels is vital in coffee growing

B. Trees along boundaries
Trees along boundaries like those on farm have many uses among which are producing timber,
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firewood and enhancing soil fertility. Boundary trees should have the following characteristics;
deep root systems and open canopy to reduce nutrient competition and shading of food crops
preventing any conflictions with neighbouring farmers. These trees must also be well managed.
Examples:
Grevillea robusta which is a high nitrogen fixer exotic species can be grown with any crop and is
suitable for all farming systems including banana coffee farming system.
Others tree species like exotic Alnus acuminate species as well as native Markhamia lutea are
suitable to be grown along boundaries in the different farming systems of Uganda.
Artocarpus heterophyllus (Ffene) is suitable for boundary planting not on farm as its leaves do
not decompose easily to form nutrients.

Figure 2: Trees along the boundary on the Hoima highway

Recently most large scale monocultures have planted pine tree species as boundary markers but
pines are not good for biodiversity.
A case from the COBA study
In a study on selected small holder farms in Uganda, planting agricultural crops, such as apples,
almonds or coffee in the vicinity of a forest or wild grasslands with native pollinators was found
to improve their yield by about 20% highlighting the economic value of pollination services
(Munyuli, 2010). The benefits of native pollinators may result in forest owners asking for
payment for their contribution in the improved crop.
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Hence Agroforestry provide:

 important sources of income, better yields through improved soils, shading of crops etc

 important habitats for biodiversity,

 ecologically sustainable buffer zones for protected areas,

 a high quality environment that promotes movement between forest fragments,

 ecosystem services such as pest control, pollination, and erosion control.
Limitations

 Competing land use types

 Farmers are doubtful about planting trees with long gestation periods

 Species like fruit trees and Eucalyptus should not be planted along boundaries as they
cause disputes with neighbouring farmers.

Recommendation
Though growing crops under existing forest would create very diverse agroforests, it is not
advisable to do so in existing forests and especially not in forest reserves.
It is also advisable to retain natural forests rather than plantations because eucalyptus and pine
plantations contain fewer trees species for foraging and breeding and are likely to lead to a
decrease in biodiversity if the tree diversity on farmland decreases. Plantation tree species are
mostly used only for roosting and perhaps some nesting.

Munyuli T (2011). Pollinator population in the Farmlands in Central Uganda. PhD Thesis. Makerere University, Kampala, Uganda

Nalwanga D 2011 Conservation of Biodiversity in Agricultural landscapes in Uganda: Using birds as indicators. Phd thesis.
Makerere University

Mutonyi S and Fungo B, 2011 Patterns of Agroforestry Practices among Small Holder Farmers in the Lake Victoria Crescent Zone
(LVCAEZ) of Uganda Research Journal of Applied Sciences Medwell journal

RELMA, 2003. Agroforestry handbook for the Montane zone of Uganda. Nairobi Kenya
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Use of Manure 

Maintaining soil fertility is crucial for productive and sustainable farming. However requirements differ
according to the different soil characteristics.
Organic Manure
Organic manure is one of the most commonly used methods of maintaining soil fertility.
It helps in binding soil particles and thus improves soil structure, texture and water holding capacity.
�• Animal manure: comes from dung/urine and it makes excellent organic matter for crops. Animals and
birds are usually kept in homesteads, the manure is collected and covered with soil to prevent loss of
nitrogen and left to decompose for 4 weeks after which it is ready to be applied. In general, manure
from pigs and poultry is of better quality than manure from goats and cattle but if cattle and goats have
been fed on high quality feeds such as legumes, and improved pasture trees or shrub material, they will
produce high quality manure which will be high in nitrogen.
�• Compost Manure: made from either vegetative material such as crop residues, kitchen waste, other
organic household waste and hedge cuttings rich in nutrients or a mixture of animal refuse and
vegetative material such as crop residues that are allowed to rot together. It can be made in piles above
the ground or in below ground pits, the latter being preferable in a dry area or season because it
conserves moisture and the former being preferable in the wet season. Compost should be placed as
close to plant roots as possible. This practice is common in all farming systems in the Uganda study sites.
A case study from Mubende
Farmer in Mubende
�“Through using organic fertilizers (compost and plant tea), I have started to grow Irish potatoes and
green vegetables successfully. Compost application has helped me to plant one basin of Irish potatoes
and harvest 5½ basins. Plant tea has helped me to grow cabbages and Sukuma week (Kale) and makes
Grevellia seedlings grow faster and healthily. I use tithonia to make compost and plant tea. Many people
in my locality say the plant (tithonia) is a dangerous weed because it grows vigorously, covers a wide
area and tends to close the roads when it is not cut down. But people are surprised to see me planting it
around my gardens and along my contour lines.
I call it a miracle weed because of the functions it fulfils for me:
�• It dissolves in water very fast within seven days
�• When incorporated in banana holes, it decomposes completely within 14 days and makes the hole
fertile for banana planting
�• It can withstand all weather conditions
�• It can be used as mulch in vegetables
The key to controlling it is to ensure that it is not allowed to flower, that way it can be controlled and
kept in one place. It can be used well for bush fallowing. �“
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Manure is beneficial because:

 As a result of increased use of nutrients, there will be increase in yields hence increased income

 Higher profits due to less monetary inputs since organic manure is cheaper and in the process
reduced pollution of soil and water resources which also benefits other biodiversity on
farmland

Limitations

 Many farmers lack resources to buy and keep productive animals

 Manure collection and preparation is labour intensive yet large quantities are required
Recommendation
Manure can be enriched by mixing livestock sources, for example goats, pigs and cattle droppings, and
they should be applied to the crop early in the growing season.

IIRR, 1998. Sustainable Agriculture Extension Manual for Eastern and Southern Africa; International Institute of Rural Reconstruction.
Nairobi Kenya

RELMA, 2003. Agroforestry handbook for the Montane zone of Uganda. Nairobi Kenya

Organic agriculture and rural livelihoods in the Iganga District, Uganda  
  

Crop Enterprise Mix
Enterprise mix is a term used by NAADS to imply growing of two or more crops on one piece of land. In
this handbook, the term is used to include the following: mixed or multiple cropping, relay cropping, row
intercropping, and strip cropping.
�• Crops can be planted in rows (row intercropping), at random (mixed intercropping) or at intervals.
Planting in rows facilitates applying fertilizer, weeding and harvesting. It is common among most small
scale farmers in Uganda.
�• Systems of mixing cereal and legume crop varieties practiced by the community contribute to
improved soil fertility because leguminous crops like groundnuts and sesame fix nitrogen in the soil.
Crop mixes should include nitrogen fixing crop, legumes and crops which can easily decay hence
contributing to maintaining soil fertility.

 Indigenous species should be used when mixing crops because exotic species are not easily
manageable and usually lead to heavy losses when attacked by pests and diseases (as told to the field
team by Mr. Matutu in Bamusuuta Kalagi).
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Figure 3: Intercropping in Lukalu Mpigi (Beans, maize, coffee, bananas and avocado) also noticeable is the napier grass
at the boundary

Crop Enterprise mix hence:

 Leads to increased productivity per unit of land. It allows farmers to harvest throughout the
year, i.e. daily, periodically and annually, one method the government wants to use to eradicate
poverty.

 A high diversity of crops provides food and nesting sites for a wide range of birds and insect
species. High levels of habitat diversity are often associated with high levels of bird and bee
diversity

Limitations
 Large number of different crops sometimes makes weeding and harvesting difficult especially

when using machinery
 There are sometimes conflicting land uses within a household

Recommendation
Spacing of plants, planting dates, and maturity dates must be considered when planning intercrops
because when two or more crops are growing together, each must have enough space to maximize
cooperation and minimize competition between them. The farm however has to be well organized in
order to effectively accommodate all crops.

Benton TG et al. 2003 Farmland biodiversity: is habitat heterogeneity the key? Trends in Ecology and Evolution Vol. 18 No. 4

IIRR, 1998. Sustainable Agriculture Extension Manual for Eastern and Southern Africa; International Institute of Rural Reconstruction.
Nairobi Kenya
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Land fallowing

Land left under fallow (traditional or modern) for some time regains soil nutrient levels that are
commonly depleted under long periods of cultivation. Many factors justify the resting of pieces of land
after years of cropping, with soil conditions being the dominant influence where agriculture is intensive
(Jinja, Masaka) and where there is limited labour to farm (Nakaseke).

In order to attain soil fertility, produce good wood fuel and provide good grazing source, the fallow
should be left for 1 to 3 years depending on species Both exotic species like Alnus acuminate, Tithonia
diversifolia (also common in hedgerows and on boundaries), Calliandra calothyrsus, Tephrosis vogelii,
and native species like Sesbania sesban have been tested for their ability to improve fallows. Under ideal
conditions, Alnus acuminate and Calliandra calothyrus can produce over 24 t/ha of good quality
firewood in two years. Calliandra, Sesbania and Tephrosia may induce more than 100% increase in crop
yield (Relma, 2003). All the above examples of tree species are able to accumulate potassium and
phosphorous in higher concentrations.
�• Improved/modern fallow is an agro forestry practice used to restore the fertility of poor or depleted
soils. Trees are planted at a spacing of 2 by 2 m. If grown from seeds or seedlings, the germinating plants
require intensive weeding and protection, especially in the early stages.
�• Natural/traditional fallow is the practice of simply leaving land uncultivated for some time depending
on land available to each individual farmer.

Figure 4:Segalye Figure 5: Bamusuuta

Fallows allow:
Natural areas to be an integral part of agricultural systems because, apart from supporting populations
of pollinators, they maintain water tables, provide clean water, reduce flood damage and provide
habitat for natural enemies of crop pests. Therefore, natural areas in farms can provide key resources
for biodiversity as well as restore soil fertility.
Limitations
Limited land and hence competition for its use
Recommendation
Although this practice is recommended for all farming systems it may not be relevant in some districts
like Nakaseke because of low agriculture intensity.

RELMA, 2003. Agroforestry handbook for the Montane zone of Uganda. Nairobi Kenya

Butler SJ et al. 2007 Farmland Biodiversity and the Footprint of Agriculture. Science Vol 315
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Soil and Water management

Soils need to be managed to reduce erosion and leaching that lead to loss in fertility. Run off water
often carries off the top soil and, if not prevented, degrades the soils. There are many ways of
preventing soil erosion and retaining water on farm, some of which are:

�• Mulching is where dry, vegetative material (usually dried grass and crop stalks) is used to cover
the soil. This layer of organic material on the soil surface helps to moderate the temperature of
the soil surface, reduce evaporation and moisture loss, suppress weed growth, reduce run off
and provide plants with nutrients as the material decomposes. When crops such as vegetables
do not give enough cover, the soil should be mulched.

Figure 6: Mulching and a trench on a farm in Kamuli

�• Organic matter when applied onto soil after preparing it, as advised above, helps improve the
structure of soil. It binds and cements soil particles as it has a high capacity to hold both water
and nutrients. This makes soil thick, moist, healthy and solid preventing erosion by running
water.

�• Barrier methods such as contours, trenches, L bridges, bunds, grass strips, terraces and ditches
can be created on farm to allow water to drain into the soil slowly. Barriers trap run off water
and soil particles. In the case of contours, the distance between each should be small (6 to 10m)
for steep slopes while on gentler slopes it should be wider (10 to 20 m).

�• Planting hedges along contours can be done using seedlings or stem cuttings in single or double
lines or in combination with larger trees likeMaesopsis eminii, shrubs like Calliandra calothyrsus
and with grasses like Napier grass (Pennisetum purpureum). Trees and shrubs help in nutrient
recycling because their roots take up leached nutrients which are returned to the top soil
through leaf fall. This practice is common in montane farming system. The abundance,
distribution and types of hedges affect the biodiversity patterns by influencing animal
movement. Contour hedgerow systems have been widely promoted to reduce erosion and
produce organic matter for soil improvement.

�• Soak away pits
These are holes of medium depth and width that can be dug to hold rain water and allow it to
sink in the soil slowly. The same grasses and shrubs as above can be planted around the pit.
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Farmer in Mubende: �“I attended a one week workshop organized by Kulika Charitable Trust Uganda.
Before I went in for training, I had a small plantation which I was unable to manage well because (I
realize now) I lacked some important knowledge about farmingThe following topics were taught:

 Waste management

 Pests and disease control

 Goat farming

 Bee keeping

 Banana management

 Compost making, application and storage

 Manures, green manure, liquid manure, etc.
After the training, we were advised to put into practice whatever we have learnt. I bought one plot (360
x 210 ft) and planted 86 banana trees. This has helped me to stabilize my saving process because I no
longer buy food! On this plantation I practice organic farming making mulch of grass and banana leaves.
I have also dug trenches to trap water, which otherwise escapes. This has helped me to irrigate the
plantation effectively. I am also growing beans, maize, cassava and other crops. This is a great
achievement on my side! I have planted pineapples at my home (Kibalinga), which are doing well. I also
developed an idea of buying a fruit tree whenever I get salary every month, so far I have 3 avocados, 2
mangoes, 2 oranges and 2 passion fruits, which are doing well too.�”

Illustration 1: Shrubs and napier grass planted along contours for soil and water conservation
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The above techniques hence:

 Helps control soil erosion leading to increased availability of moisture which leads to better
yields

 Soil biodiversity is conserved for future generations much of which is vital for healthy agriculture
systems

Limitations

 Trees and shrubs planted on hedges rows might compete with crops when mismanaged

 Mulching can introduce new pests and diseases on the farm and hedges can harbour weeds and
pests

Recommendations
To help the soil hold more water in order to protect crops from drought, pests and diseases, burning on
farmland should be avoided
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Summary

Looking through the COBA and the other case studies on best practices for sustaining biodiversity while
increasing agricultural production in farmed landscapes, it is evident that:

 Increasing the size of a coffee farm can be economically viable or profitable if plantations are
established in the vicinity of forest fragments and related semi natural habitat patches, or if
farmers can establish pollinator reservoirs (young fallows) in the immediate fringe of coffee
fields.

 Growing coffee in various shading levels enables sufficient sunlight to reach coffee flowers and
that planting flowering herbaceous weedy vegetation within and around the farm provides a
diversity of nectar and pollen resources for bees throughout the year.

 The number and diversity of pollinators necessary to maintain pollination services is not known
making it is hard to predict when serious consequences will arise due to pollinator loss in
Uganda. The economic importance of pollinators strongly suggests that the precautionary
principle should be employed and farming practices need to accommodate wild pollinators.
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Appendix 1: Agro forestry tree species and the reasons for which they are grown in the Banana Coffee

zone of Uganda

Primary Objective Agroforestry Tree species grown
Food security Artocarpus heterophyllus (Ffene)

Mangifera indica (muyembe)
Persia americana (Ovakeddo)
Carica papaya (Papali
Psidium guajava (mupeera)
Jambula jambusi (jambula
Citrus sinensis (Mukyungwa)

Timber/poles Markhamia lutea (Musambya)
Albizia species (Mugavu)
Milicia excelsa (Muvule)

Biodiversity/environment Calliandra calothyrsus
Maesopsis eminii (Musizi)
Ficus natalensis (Mutuba)
Grevillea robusta (Muttankuyege
Tephrosis vogelii
Alnus acuminate
Sesbania sesban
Mikokowe
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