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Abstract

In the semi arid parts of Sub-Saharan Africa the traditional pastoral mode of living is still
the mainstay of life although some changes have taken place during the last years. One
of the major problems in the area is the degradation of household resources due to soil
erosion aggravated by a growing population.

To prevent soil erosion tree planting is promoted by the government and local NGOs.
Additionally, trees are involved in many activities contributing towards the income of the
agrosilvo-pastoralists but little is known about the employment of trees and the degree
of their utilization. Further information on the utilization of trees and their economic
value will help to direct further research and development.

This study aims at increasing the understanding of the ways trees are utilized and
valued by pastoralists in Sub-Saharan Africa and assesses the contribution of trees
towards the household income.

The study was carried out at two sites of West Pokot, Kenya. General data on the
location, on trees and their use was collected with participatory methods during group
meetings. Additionally, ten in depth case studies for each site were accomplished by
open interviews and discussions with household members, farm mapping, farm walks
and participatory observations during the farm visits.

As expected, results show that households combine several enterprises to cover the
subsistence needs. E. g. farmers keep livestock which depends entirely on the natural
vegetation. Agricultural crops as maize, beans, millet and sorghum are grown on a
small scale and are used mainly for home consumption.

Trees and shrubs are used in many ways by the households. Livestock like goats feed
all year round on trees and shrubs, whereas cattle and sheep rely on trees during the
dry season when the grass cover vanishes. At least for a quarter of a year, pastoralists
have to rely on trees and shrubs as the only fodder source for their livestock. In
addition, they gain cash income by charcoal production and sale of indigenous fruits.

All in all, trees and shrubs are an important resource for pastoralists. This is an
important incentive that can be used to improve promotion for soil conservation.
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Introduction

In the semi arid parts of Sub-Saharan Africa the traditional pastoral mode of living is still
the mainstay of life although changes have taken place during the last years (van den
Brink et al., 1995; Joekes and Pointing, 1991; Sperling and Galaty, 1990; Steinfeld,
1988; Dietz, 1987). One of the major problems in the area is the degradation of
household resources due to soil erosion aggravated by a growing population
(Herlocker, 1994).

To prevent soil erosion tree planting is promoted by the government and local NGOs.
(Chavangi et al., 1996; Emerton and Mogaka, 1996; Schwartz, 1994; Republic of
Kenya, 1993). Additionally, trees are involved in many activities contributing towards
the income of the agrosilvo-pastoralists but little is known about the employment of
trees and the degree of their utilisation. Further, information on the utilisation of trees
and their economic value will help to direct further research and development
(Wesseler, 1997).

This study aims at increasing the understanding of the ways trees are utilised and
valued by pastoralists in Sub-Saharan Africa and assesses the contribution of trees
towards the household income.

The study was carried out at two sites of West Pokot, Kenya. General data on the
location, on trees and their use was collected with participatory methods during group
meetings. Additionally, ten in depth case studies for each site were accomplished by
open interviews and participatory monitoring and evaluation of farm activities as
suggested by Waibel and Wesseler (1995).

The research was conducted in collaboration with the Vi-Tree Planting Project (Vi-TPP),
Kitale and the Integration of Tree Crops into Farming Systems Project (ITFSP), Nairobi.

Size of sample, sampling method

The research sites were chosen by Vi-TPP. Pserum area was decided upon as it is the
area where Vi-TPP initially started its land rehabilitation activities in West Pokot District
in 1983. Serewo location was chosen because the project has only moved recently
(1995) into the area.

Information on the role of trees and how they are utilised were gathered during group
meetings. Households to be interviewed for the case studies were selected according to
the activities mentioned in the group meetings to play a role in the household
economies. Special reference was paid to tree dependent pursuits. Emphasis was put
on households who were referred to as specialists (= were good at) in particular
activities. 10 households for each area were interviewed, only families willing to
participate were involved.

This selection aims to give examples of different enterprises and shows the share of
these activities within the individual households.

A household unit in the case studies covers one wife with her children, her store, her
livestock and other enterprises undertaken by herself and her children. Enterprises of
the husband contributing to the household were included as well.
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General information

General information on the area, on activities conducted by the farmers to secure their
living and information on the use of trees or their involvement in different activities was
collected during group meetings by using RRA methods1. Some of the group meetings
were held during PRAs which were conducted separately to this research in both areas
as a joint activity by the local government extension officers and a team of Vi-TPP. The
PRAs lasted five days and took place immediately before data collection for this study
was begun. They were conducted as described in LELO et al. (1995).

During the PRAs sketch maps of the area were drawn and transect walks were
conducted. Time lines which record important events during the past and daily gender
calendars which list men’s and women’s tasks were also prepared. Trend lines
addressing different issues and seasonal calendars were developed and village
institutions were ranked. Problems and opportunities of the area were discussed and
ranked. The PRAs resulted in Community Action Plans specific for each area. The plan
was agreed on by the community and local leaders for different resorts were elected. A
report which contains all information gathered and the action plan itself was written by
Vi-TPP staff members. The report was handed over to the community and local
governmental institutions.

Thus much information on the area and the local people themselves was known before
data collection for this investigation went into detail. Below the methods to gather
additional data for this study are described.

The seasonal price calendar was accomplished in order to get an overview of items
which are available on the market and price fluctuations in the course of the year. (see
table A1). The seasonal tree calendar shows the months in which trees are utilised. For
example the fodder tree calendar indicates the months in which each species is fed on
by livestock, the nectar calendar shows the flowering period of the different tree species
from which bees collect nectar and the fruit tree calendar shows the fruit bearing
season. Comments on abundance of species and where they can be found were also
recorded (table A2).

Ranking matrices were developed separately for tree species used for charcoal
production, fodder tree species for bees, fodder tree species for each kind of livestock
and for fruit tree species for human consumption (table A3). In each group ten species
which were considered by the farmers to be the most important. The criteria for ranking
the “best” tree species according to different uses were discussed and recorded.

Each household was visited several times so that data collection did not grow too tiring
and to cross check data. Generally several people attended the interview like different
household members (adults and children) and curious neighbours. Questions and
answers were mostly discussed within the group and then given. The Vi-extensionist of
the area acted as guide and interpreter.

                                                       
1 For a review on the merits of Rapid Rural Appraisal and Participatory Rural Appraisal see Chambers
(1992) and Cornwall et al. (1993).
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At the start of the farm visit a sketch map of the farm was drawn jointly by the people
who attended the interview. All important places like the houses, the crop field, the
enclosure for livestock, etc., were included.

The farm walk was conducted after drawing the sketch map to get an overview over the
farm’s resources. Measurements of the crop fields were taken during the walk.

Socio-economic data, data on the resources of the farm and data on inputs and outputs
of different enterprises of the household were gathered during the interview.

Utilisation of trees and their importance as ranked by households

The ranking of trees and their utilisation shows that the households identified as the
most important contribution of the fodder for their livestock. This was followed by as a
source for charcoal production in Pserum area.

The ranking of tree species according to their utilisation shows that balanites aegyptica
is the most important fodder tree for livestock and acacia nilotica for charcoal
production. Also, the first ranks for livestock were observed to be the same for both
areas. The ranking confirms the observation of BAYER (1990) that most abundant trees
are ranked highest.

Trees as a source for fodder

Forage is defined as the vegetative part of plants (leaves, flowers, stems and roots)
eaten by animals (BAYER and WATERS-BAYER, forthcoming). Vegetative parts of
cultivated forage plants are referred to as fodder and feed addresses vegetative and
non-vegetative plant parts like grains and fruits fed to animals (ibid.). Here, forage and
feed are used as synonyms. Fodder does not fit onto as none of the utilised feeds are
cultivated purposely.

Cattle, sheep and goats depend on trees to varying degrees and also on varying
species and are therefore dealt with separately. Table 1 gives an overview of
households who own cattle, goats and sheep.

Table 1: Number of households who own cattle, goats and sheep.

no livestock
owned

goats only cattle and
goats

cattle, goats
and sheep

Serewo 0 1 4 5

Pserum 1 0 1 8
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Forage trees for cattle

Cattle are classified as grazers which means that they generally prefer grass to trees
(PRATT and GWYNNE 1977, JAHNKE 1982). Maize stalks are a source of feed for some
time of the year (maize stalks are exclusively fed to cattle and sometimes to sheep).
Still, at certain times of the year, e.g. during the dry season, trees provide an essential
share of the animal’s diet since grass is either not available or it has dried up. Many
trees grow new leaves towards the end of the dry season and quality of tree forage is
high at this time of the year (LAMPREY, HERLOCKER and FIELD 1980).

Inhabitants of both areas had a set of criteria on valuation of these tree species. Good
forage trees ought to be evergreen, have big leaves as these provide a higher quantity
of feed and should grow new leaves straight after shedding old ones. Trees should not
compete with crops and branches should be easily accessible for lopping. The latter
was mentioned by households of Serewo location only. Forage tree species were
ranked pairwise, table 2 gives the four species ranked highest for both areas.

Table 2: Ranking of forage tree species fed on by cattle.

Rank Serewo Pserum

1 Balanites aegyptiaca Balanites aegyptiaca

2 Terminalia brownii Kigelia africana

3 Kigelia africana Ficus sycomorus

4 Grewia bicolor Grewia bicolor

Information on the period of year a tree is fed on is shown in table 3 for the species
mentioned above.

Table 3: Seasonal forage tree calendar for cattle.

species J F M A M J J A S O N D

Balanites aegyptiaca sl l l l sl

Ficus sycomorus f, sl sl sl l f

Grewia bicolor sl sl l l

Kigelia africana sl sl l l

Terminalia brownii sl sl l l

sl: shed leaves l: leaves f: fruits
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Forage trees for goats

Goats are browsers which means they choose woody plants over grass. Similar to cattle
they depend on different species depending on the season.

Inhabitants of both areas apply several criteria to judge quality of forage species though
they refused to rank the criteria themselves: all criteria were equally important.

For them it is important that the forage is available throughout the year and species with
several parts contributing to the goat’s diet (e.g. pods and leaves) are very valuable.
Interviewees took preferences of goats for different species into account. They
regarded forage which leads to an increased milk production and healthy animals as
very valuable. Results from ranking activities are shown in table 4.

Table 4: Ranking of fodder tree species fed on by goats.

Rank Serewo Pserum

1 Balanites aegyptiaca Balanites aegyptiaca

2 Acacia brevispica Acacia brevispica

3 Harrisonia abyssinica Faidherbia albida

Grewia bicolor

4 Ziziphus mauritiana Ziziphus mauritiana

During the wet season two woody shrubs, Acalypha sp. and Ormocarpum sp., were
mentioned to be fed on most often, but not ranked under four most important forage
trees. The season for these species is from April to September/October. Other tree
species consumed during the wet season are Acacia brevispica, Balanites aegyptiaca
and Harrisonia abyssinica (table 5).

During the dry season mostly Balanites aegyptiaca is eaten in both areas followed by
Acacia brevispica and Harrisonia abyssinica in Serewo and Acacia reficiens in Pserum.

Table 5: Seasonal forage tree calendar for goats.
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species J F M A M J J A S O N D

Acacia brevispica sl, p sl, p sl, p l l l l l l l l l

Balanites aegyptiaca sl l, f l, f l, f sl

Faidherbia albida p, l p, l p, l

Grewia bicolor sl sl l l sl

Harrisonia abyssinica l l l l l l l l l l l l

Ziziphus mauritiana l l

f: fruits; l: leaves; p: pods; sl: shed leaves.

Forage trees of sheep

Sheep have feeding habits intermediate to cattle and goats. Participants of group
meetings stated that they have similar feeding habits to cattle. For this reason no
special ranking for sheep forage tree species was conducted. Species which were
mentioned to be eaten by sheep during the dry season are especially Balanites
aegyptiaca for both areas. Less often Maerua oblongifolia, Faidherbia albida and
Ziziphus sp. were named for Serewo location only. Maize stalks are of some importance
in Pserum area.

Gross margin of livestock production and return to labour

The individual household data were used to calculate the gross margin per household
and per mature animal equivalent. The results, see table 62 show that cattle production
on average is by far the most important enterprise of livestock production. The gross
margin per household for goats and sheep is far less. The importance of cattle is further
supported by the observation that the gross margin per labour day (LD) is the highest.
The very low values of sheep and goats at Pserum can be explained by animal
diseases that occurred during 1996 and 1997. Hence, the observed values are tend to
be lower if compared with average values over several years.

Nevertheless, the results let expect that the return to forage will also be the highest
among the cattle.

Table 6: Weighted average gross margins of livestock production

Pserum Serewo

cattle sheep goat cattle sheep goat

MAE 10 15 29 10 12 28

                                                       
2 The detailed gross margins for every livestock enterprise are shown in table A4 to table A9 in the
appendix.
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LDs 101 27 55 143 24 57

GM/HH 21705 -104 1432 15159 611 3517

GM/MAE

GM/LD 190 -8 16 95 11 73

HH: household; LD: labour day; MAE: mature animal equivalent.

Contribution of trees towards charcoal production

Charcoal is made in Serewo location only, it is made exclusively for sale. Farmers of
Pserum area do not produce charcoal, they consider this as an activity for "desperate
people" only. It is stated that the chief does not allow making of charcoal either.
Charcoal production in Serewo has started fairly recently and households visited
individually stated that they had increased production only 1 to 2 years ago. Charcoal is
mainly produced according to cash requirements.

Ranking of tree species

Criteria which determine the quality of a tree species for charcoal production are:

• it has to burn well and slowly, and

• it should produce big pieces of charcoal, since this kind of charcoal is easier to sell.

Also, producers prefer felling big trees for charcoal making because it is less labour
intensive compared to smaller trees.

Table 7: Ranking of tree species for charcoal production and estimated growth
rates in years.
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Rank scientific name years to reach
Ø 25 cm

1 Acacia nilotica 8-10

2 Acacia etbaica 30

3 Albizia amara 30

3 Terminalia brownii 10

4 Zanthoxylum chalybeum 20-25

4 Balanites aegyptiaca 25

5 Askenwox 15

5 Acacia hockii 10

6 Ziziphus mucronata 10-15

7 Vangueria madagascariensis 20

8 Acacia gerrardii 15

9 Ziziphus mauritiana 8-10
x No botanical name for this species was found in references on vernacular Pokot
names.

Charcoal producing households ranked Acacia etbaica first, followed by Acacia nilotica,
Albizia amara and Acacia gerrardii.

The growth rate of trees was estimated by using a sample tree (Ziziphus sp., see fig. 12)
with a trunk diameter of almost 25 cm at 1 m above ground. The number of years of
various species to grow up to an equivalent amount of wood was discussed. Results of
this exercise and of the ranking are presented in table 7.

Species cut for charcoal production by households interviewed for the case studies
include Acacia etbaica, Acacia nilotica, Acacia gerrardii and even Balanites aegyptiaca.
Species chosen depend on the location of the homestead, mostly trees growing nearby
are felled.

The average gross margin per household of the six households producing charcoal was
almost 12742kshs (see table 8)3. The GM/LD with 136 Kshs shows that charcoal
production seems to be very competitive with cattle raising for those who acquired the
specific skills needed.

Table 8: Weighted average gross margin of charcoal production in Serewo.

Item Kshs

amount produced in maize bags 83
                                                       
3 The detailed gross margin is shown in table A10 in the appendix.
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LDs 92

GM/HH 12742

GM/LD 136

GM/maize bag 156

Medicinal trees

All interviewed households use medicine from local trees to treat human diseases.
Some use traditional medicine to treat livestock diseases as well. The quantity of tree
produts which are used during the year could not be specified by interviewees.
Generally, medical plants are gathered when treatment is needed.

Traditional doctors derive an income out of their knowledge and the use of indigenous
plants for medicine. Some sell medicine at the market and others treat people at their
homes. They receive cash or other goods like maize in return. The patient decides on
what to give and the amount to give.

Information on the use of local medicine versus commercial medicine differ somewhat.
Some informants named commercial medicine to be first choice and if this did not work,
traditional doctors would be consulted, others (the majority) said traditional medicine is
used as first aid to bridge the time to transport the patient to the hospital.

Three households of the sample gained additional income from treating patients with
medical plants or selling medical plants at the local market. The net income the
households derived from medical plants accounts for 32% to 68% of the total household
income* (table A18 and A19).

The interviewees stated to spend between 0.5 and 1.5 days per week on gathering of
medicine and treating sick people, subtracting these labour costs trees provide 74% to
87% towards the income gained by the ”medicine business.“

Some of this income has to be ascribed to herbacious species, these were not
separated out during interviews when information on species was collected.
Nevertheless, most medical plants sold at the market were from trees.

Edible fruits

Indigenous fruits are ‘picked and eaten while walking’. This means people generally
pick them while being involved in other activities like fetching of firewood or water or
when they walk somewhere. Fruits can be collected anywhere in both areas.

Only fruits of Tamarindus indica (January - February) and of Flacourtia indica
(September - December) are sold at local markets. Picking and sale of the fruits mainly
is a ‘children’s’4 activity. Also, these fruits are used by most interviewed households to
flavour porridge and are picked according to the household’s needs.

                                                       
4 ‘Children' refer to women and children in Pokot society. Thus women are also involved in trading of
indigenous fruits and vegetables.
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One household of Serewo location gained about 8 % of its household income* by
gathering and sale of fruits of Flacourtia indica which was accomplished by one 12 year
old daughter (table A18). This task is quite labour intensive since the market place is
far, thus fruits contribute only about 28 % towards the income gained by their sale and
about 2 % towards the total household income* (table A12).

For Pserum area only fruits of Tamarindus indica are of importance for sale, which was
carried out by 4 of the interviewed households (net income ranges from 105 - 1400
KShs). This activity provides between less than 1 % and up to 4 % of the household
income* (table A19). After subtracting labour costs returns to fruit trees sum up to less
than 1 % to 3 % of the household income* (table A13).

Edible leaves

The leaves of Balanites aegyptiaca represent a vital source of food for all households.
They are prepared as vegetable (Sokoria) and even sold at the local markets: 5 KShs/
handful at Chepareria market and 2 KShs/ handful at Serewo market.

All households that were interviewed prepare Sokoria daily for 2 meals during its
season (January - beginning of the wet season). The sale of the leaves is a children’s
activity like the sale of the indigenous fruits mentioned above and was carried out by
two households of Pserum area.

For Serewo location Sokoria supplies about 3 % of the household income* and about 4
% for Pserum area if Sokoria is valued at market prices. (data can be found in tables
A14, A15, A18, and A19)

Firewood

Firewood is the only source of energy for cooking. All interviewed households of both
areas stated to require on average one bundle for almost 3 days. The amount of
firewood used is independent from the number of household members since the fire is
constantly kept burning. Required amounts differ according to the seasons of the year.
More wood is required during the wet season (details in table A11).

Collection of firewood is a women’s task. In Serewo firewood can be collected
anywhere. In Pserum women complain of firewood getting scarce and permission of the
owner of the land has to be sought before firewood can be collected. People even
spoke of firewood being ”stolen” if it was collected without permission being granted.

Firewood is traded at Chepareria market for 29 KShs per bundle, the farm gate price is
arrived at by subtracting labour costs of marketing. The distance from Pserum area to
Chepareria is two hours on foot one way. Only one way is included into calculations as
people will use this opportunity to attend other businesses like purchase of household
goods.

The same market and farm gate price are applied to Serewo location as no other
information are available here.
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If firewood is evaluated at the market price it supplies an average of 7 % and 8 % of the
household income* for Serewo and Pserum respectively (table A18 and A19).
Calculating at the farm gate price figures arrive at 5 % and 6 %.

Other utilisation of trees

Houses of both areas are mainly constructed out of local building material, e.g. posts for
the bottom part of the house, poles for the roof and bracing. In Pserum area more
houses with iron sheet roof can be seen than in Serewo, but only 2 interviewed
households had iron sheet covered houses.

Various tree species are used for construction of different parts of the houses, most
households use the same species. Several criteria apply to consider a tree suitable for
building material. Posts and poles are only cut from straight growing stems with a trunk
diameter of about 8 - 10 cm. The material should be resistant to termite attacks.

Households of Serewo location stated to rebuilt a house after 2 to 5 years (mode: 4
years) and in Pserum a house is utilised for 4 to 15 years (mode: 7 years). The number
of years a house lasts depends on the roof, the better the grass cover the longer the
house will stand the rain. Some tree species are very durable and posts made of those
are reused several times, e.g. posts made from Acacia etbaica and Acacia hockii.

In Serewo location only the owner of the land material is collected from has to be asked
for permission, which is granted without charge. Contrary to this building material is
traded in Pserum area. Table 9 names species which are utilised for building material
(for both areas) and their prices for Pserum area.
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Table 9: Species utilised as building material.

species part unit KShs5

Acacia nilotica

Dichrostachys cinerea

Zanthoxylum chalybeum

posts for bottom of the house post

15

15

15

Vangueria
madagascariensis

Acacia brevispica

bracing for the bottom part of the
house

bundle 30 - 50

30 - 50

inflorescence of Sisal sp.

Euphorbia obovalifolia

Terminalia brownii

posts, roof piece 11

11

–

grass roof bundle 50

Inhabitants of Serewo location use Terminalia brownii instead of Sisal sp. and
Euphorbia obovalifolia. Terminalia brownii is found in a higher number in Serewo
location, it is more resistant to Termites. The other two species are more common in
Pserum area.

Benefits of building material are not included into calculations of the household income.
Income by sale of building material was not recorded.

Crop fields and plots for land rehabilitation are fenced off by households to prevent
livestock from entering inside. Branches of Acacia nilotica and Balanites aegyptiaca and
other thorny species are used. Material is cut on neighbouring sites and is not traded.
Some farmers plant Sisal sp., Euphorbia obovalifolia and Aloe secundiflora as a live
fence.

Summarised contribution of tree based enterprises towards the household
income.

As was shown there are several activities that contribute to the household income. The
importance of trees for agro-silvo pastoralists can be shown by the contribution towards
the overall household income. The household income for 1996 was defined as the sum
of income from farm and off-farm activities of the household plus the income from
collecting firewood6. To differentiate this definition from the common definition of
household income (e.g. Schmitt, 1993) we will indicate it with income*.

                                                       
5 Pserum area only.
6 Therefore, household activities like cooking, child care, etc. are not included into the calculation of
household income. To include this activities would be far beyond the scope of this study.
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As not all income generating activities of the household are considered in the analysis,
the contribution of the different activities towards the overall household income will be
lower.

The average contribution and the relative shares of the different activities are shown in
table 10. The composition by household is shown in table 23 and table 23 in the
appendix.

Table 10: Components of household income*.

Location Serewo Pserum

Item KShs share (%) KShs share (%)

annual crops 7041 16.41 8374 22.30

livestock1 20165 49.98 21495 57.22

honey 500 1.16 324 0.86

fruits % leaves 1154 2.69 1406 3.74

other farm income 722 1.68 821 2.19

charcoal 7843 18.27

medicinal plants 565 1.32 2673 7.12

firewood 2281 5.31 2281 6.07

off-farm income 2648 6.17 189 0.50

household income* 42919 100.00 37556 100.00

hh income*/ae 16539 12859

hh income* tree related 32676 76.13 28053 74.69

hh income* tree related/ae 12592 9605
1) The livestock activities include income from poultry which is assumed not be tree
based and has been deducted from the income derived from livestock for the
calculation of the tree based figures.

The sample households derive on average more than 70% of their income* from tree
based enterprises. The most important among them are livestock and charcoal (Serewo
area only) production.

The other tree based enterprises contribute on average only a small proportion to the
average household income*, but can contribute at the individual household level a
significant amount, e.g. one household made almost 13850 KShs from selling medical
plants to customers.
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As livestock and charcoal production are the most important activities we will calculate
the economic value of trees as a source for fodder and charcoal and use the value
added of fodder and charcoal as an estimator for the economic value.

The added value of forage trees for cattle, goats and sheep

As explained, trees are used as an alternative source for fodder. The added value as an
estimator for the economic value of fodder from trees can be derived by calculating the
gross margin of livestock production, including the opportunity costs of all labour. If it
can be assumed that there are no additional costs beside the labour costs for grazing
the calculated value will show the returns to the natural fodder sources trees and grass
and others7. The share contributed by the trees can be calculated if the year is divided
into the number of weeks when livestock grazes on trees only and labour is taken into
account. Labour related to livestock production covers labour for utilisation of feeds and
other tasks (equation 1).

equation (1) Lci = lci + fcit + fcig + fcim

with Lci = number of total labour days related to cattle production c for household i

lci  = number of labour days for non-feed related tasks for cattle c of household i

lcit = number of labour days for utilisation of forage trees t for cattle c for 
household i

lcig = number of labour days for utilisation of grass g for cattle c for household i

lcim = number of labour days for utilisation of maize m for cattle c for household i

The added value of forage trees for cattle for household i is calculated via equation (2).

equation (2) Acit = (gci - O*lci ) wcit / 52 - O*lcit

with Acit = added value forage trees for cattle production c for household i

gci = gross margin from cattle production for household i

O = average opportunity cost per labour day (results from equation 1)

wcit = number of tree feeding weeks for cattle c of household i

Added values of grass and maize for cattle production of household i are computed
accordingly (equations 3 and 4).

equation (3) Acig = (gci - O*lci) * wcig / 52 - O*lcig

equation (4) Acim = (gci - O*lci) * wcim / 52 - O*lcim

with Acig = added value of grass for cattle production c for household i

Acim = added value of maize for cattle production c for household i

wcig = number of grass feeding weeks for cattle c of household i

                                                       
7 It can be assumed that opportunity costs for land for a single household do not have to be included as
land is a common property in the agrosilvo-pastoral system.
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wcim = number of maize feeding weeks for cattle c of household i

whereby
equation (5) wcig +  wcim + wcim = 52

Added values for goats and sheep are computed accordingly.

Added values are usually attached to units of feed. Feed units utilised are worked out
with aid of references on feed intake and on biomass production of tree species. In
order to better attach feed units to added values the calculated values are converted in
values per mature animal equivalent8 per week.

This information can be further transformed into the calculation of the added value per
unit of biomass. With the biomass function of the tree the added value over time can be
derived and the NPV calculated.

The calculation can be simplified, if the value for fodder can be viewed as an annuity.
Then the added value can be converted into the present value with the use of the
capital recovery factor as shown in equation 6.

equation (6):

( )

( )NPV

g O l w O l

MAE household

biomass MAE
biomass tree CRFtree

ci ci cit cit

n
=

− ⋅ ⋅ − ⋅

















⋅





















⋅

52

ρ ,

The values per tree can be used to calculate the economic value of trees for a specific
area, if the density of trees per area are known or the number of cattle herded in the
area.

The calculated average added value per tree for the different livestock using the
approach described are shown in table 11.

Table 11: The average added value of fodder trees per MAE (KShs/year)

Serewo Pserum

cattle 53 43

sheep -15 -56

goat 67 -8

                                                       
8 Young stock is converted into mature animal equivalents: calves are counted as 0.4, kids and lambs as
0.6 mature animal equivalents. Participants of group meetings claimed that cows generally reproduce
after 2 - 3 years, ewes and does after about one year. These figures fall within the range of reproduction
that is given by DAHL and HJORT (1979) for pastoral herds. Age of reproduction is considered to equal
maturity concerning feed intake for the purpose of this study.
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Feed intake and the number of trees required to feed livestock are calculated according
to Schwartz (1994) and Bayer (1998).

Feed intake and number of trees required are quite rare. The average dry matter of
Balanites aegyptica according to information provided by Bille (1980) are 1.5kg/tree.
Taking this tree, 4 trees were estimated to feed one MAE of cattle per day. Also, to take
unavailability of leaves into account 5 trees can be assumed to feed one MAE of cattle
per day, thus 35 trees per week are required to sustain one MAE of cattle. The same
approach results in the number of 5 trees per week and MAE of goat and 6 trees per
week and MAE of sheep.

If the number of weeks livestock depends on tree forage is taken into consideration, the
added value per tree can be calculated. The results for Serewo and Pserum location
are shown in table 12.

Table 12: The average value of trees as a fodder source (Kshs/tree)

Serewo Pserum

Cattle 0.14 0.25

Sheep* -0.20 -0.40

Goat* 0.30 -0.20

*The negative values for goats and sheep can be explained by the specific
circumstances during the year analysed (see text).

If we assume a life-span of 25 years (see table 7) for Balanites aegyptica the calculated
NPV will be almost 1.25-3.00 Kshs.

Contribution of charcoal trees towards the household income and added value of
trees for charcoal production

Six of the interviewed households produce charcoal, as most inhabitants of the area do.
For these households charcoal contributes about 24 % towards the household income*
(table A18). Net income by charcoal production are 13072 KShs on average. Gross
margin per labour day varies between 83 and 181 KShs which is 2 to 4 times higher
than calculated opportunity costs of labour which are applied throughout.

Labour requirements were recorded for individual households. Labour per felled tree or
per maize bag is mostly the same for all households. Thus added values depend on
variable costs related to production.

Charcoal trees contribute between 1% and 36% towards household income*. Gross
margin computations are shown in table A11. Table 13 shows added values for
charcoal production for two example species.
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Table 13: Net income of charcoal production, added values per example species
and other data related to charcoaling (weighted mean, minima and maxima).

Calculation Item Unit Mean Min. Max.

a amount of charcoal produced maize
bags

83 2 276

b gross margin KShs 12716 356 40750

c net income of charcoal production KShs 13072 360 42180

d total labour ld 92 3 297

e=d*40 KShs opportunity costs of labour KShs 3665 100 11880

f=c/d household income per labour day KShs 139 88 181

g=c/a household income per maize bag9 KShs 160 135 200

h=b-e added value of trees KShs 9051 256 28870

i=a/ 4 number of trees felled (1 tree yields 4
bags, e.g. Zizipus sp.)

trees 21 1 69

j=h/i added value per tree (1 tree yields 4
bags)

KShs 436 265 623

k=a/ 0.7 number of trees felled (1 tree yields
0.7 bags, e.g. Acacia nilotica)

trees 119 3 394

l=h/k added value per tree (1 tree yields 0.7
bags)

KShs 76 46 109

m=c/(hh-
income*)*100

contribution of income from charcoal
production towards household income*

% 24 1 53

n=h/c*100 contribution of trees towards income
from charcoal production

% 67 49 78

o=h/(hh-
income*)*100

contribution of charcoal trees towards
household income*

% 17 1 36

The amount of charcoal that can be made out of one tree depends on the size of the
tree. The example tree mentioned above (Ziziphus sp.) was estimated to produce 4
bags of charcoal. Thus taking this tree as measurement the average gross margin per
tree is 624 KShs.

Subtracting labour costs this tree has an added value between 265 KShs and 623 KShs
with an average of 436 KShs, which is a payment for the tree once a lifetime.

Number of trees felled by the interviewed households in 1996 sum up to 125 trees. The
household who produced the biggest amount (who was named to be good at charcoal
production) cut 69 trees, if the example tree is taken as measurement.
                                                       
9 1 maize bag is sold for 200 KShs in Makutano, variable costs per bag are on average 40 KShs.
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Another household preferred Acacia nilotica for production. This species is common in
the area and reaches a trunk diameter of about 10 cm and a height of 2 - 2.5 m when
being utilised for charcoaling. 7 of those would be required to produce 5 bags, but no
age was related to Acacia nilotica trees of this size.

Converting bags of charcoal produced by interviewed households into trees felled on
basis of Acacia nilotica a total of 713 trees was felled in 1996, with an maximum of 394
trees for one household. The added value of this Acacia nilotica example tree ranges
from 46 KShs to 109 KShs at an average of 72 KShs.

Species and sizes will be a mixture, so number of trees utilised will be somewhere
between the example trees described.

The results of the two sample trees can be used to calculate the present and the
average value of the tree. If we assume 10% per year as the real opportunity costs for
the sources used by the household for charcoal production and the time of felling the
trees as indicated in table 7 the present value ranges between almost 50Kshs and
185Kshs. The average value per year is almost 8.68Kshs to 32.12Kshs.

Conclusions

The analysis shows that trees are an important component of household income of
agrosilvo-pastoralist systems in Sub-Saharan Africa. Raising of livestock, mainly cattle,
is still the most important source of household income at both locations. In the village of
Serewo charcoal production is the second most important source of income, ranging
from 365KShs to 40855KShs per sample household with an average of 12742KShs per
household.

Even so the sample of households analysed is small and non-random, it can be
concluded that on average more than 70% of farm and off-farm generating activities
depend on sources from trees. Therefore, we are save to conclude, that the
deforestation in the area will force the households to change their income generating
activities. They will search for the substitutes of tree products.

Further, if substitutes are not available, households have to give up the specific income
generating activity. If they want to sustain their total household income, they have to
look for alternative income generating activities. If there are no alternatives, they will
observe a decrease in household income. Hence, deforestation will increase poverty, if
suitable income generating alternatives are not available.

In livestock production trees are used as a fodder source during the dry season when
possibilities for grazing of cattle and sheep limited. The most important fodder tree as
identified by the farm households is Balanites aegyptica. The calculated average added
value of the tree was 0.14KShs (0.25KShs) per tree and year at Serewo (Pserum) in
cattle production. The value for sheep turned out to be negative. This result can be
explained by two factors. First, constant opportunity costs of labour have been applied
throughout the year, which may be less for sheep production at specific times of the
year. Second, farmers claimed that the output from sheep production over all
households was lower during 1996 compared to previous years because of a specific
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disease. The results for goats are similar. The range of the net-present-value for a tree
will be between almost 1.25KShs and 3.00KShs per tree.

The added value of trees in charcoal production is much higher. The average value per
year ranges from almost 8.68KShs to almost 32.12KShs depending on the tree. This
demonstrates the high incentives for households to use trees for charcoal production
instead of as a fodder source in livestock production.

The calculated values per tree can be used as a reference point for the maximum
production costs of tree seedlings in the area.

The economic value of trees at the regional level will be higher as soil improving and
erosion reducing aspects have to be taken into consideration. They are not included
into the study. Many authors stress the importance of trees regarding this aspects. We
suggest that further information, either from secondary sources or field studies should
be generated to include this aspects into evaluation.

Further, the results show that the value of trees depends to a large extend on the
success of the livestock enterprise. A lower return on livestock therefore will, c.p.,
reduce the incentive of households to maintain and plant trees. The other way round,
an increase in livestock productivity will, c.p., increase the value of trees. If this will be
an incentive for households to decrease the rate of deforestation could not be answered
within this study and is up to further research10.
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Appendix

Table A1: Seasonal price calendar.

Products which are sold
at the local market

J F M A M J J A S O N D

e.g. -maize ... price during the year ...

- sokoria (leaves of
Balanites aegyptiaca)

- beans, livestock,...

Table A2: Seasonal tree calendar.

tree species

utilisation J F M A M J J A S O N D

human consumption ... use during the year ...

- fruits

-vegetables

fodder ... for goats, sheep and cattle separately ...

fodder for bees

Table A3: Pairwise ranking matrix.

species A B C D score1 rank2

A --

B -- --

C -- -- --

D -- -- -- --

1Number of times the species was preferred to others.
2 According to the score.
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Table A4: Weighted average income of cattle production, Serewo location

item unit mean minimum maximum

cash income

milk bottles 0 0 0

KShs 0 0 0

sale head 0 0 1

KShs 2072 0 7650

lending out of oxen plough KShs 0 0 0

income in-kind

milk bottles 830 0 2100

KShs 9750 0 24000

home consumption head 0 0 1

KShs 1056 0 7000

manure wheelbarrows 14 1 30

KShs 277 11 614

increase in stock numbers head 3 0 8

increase in value KShs 4667 0 19000

exchange in-kind KShs 5739 0 22000

cash expenditure

purchase KShs 2144 0 15300

medicine KShs 733 200 2050

salt KShs 64 0 250

DIP KShs 343 50 1728

decrease in stock numbers head 0 0 -1

decrease in value KShs -4756 0 -21000

total labour days 143 80 231

imputed interest KShs 361 30 1926

gross margin KShs 15159 -274 42983

contribution towards household
income

KShs 15520 -186 43040

gross margin/ labourday KShs 95 -3 209

household income/ labourday KShs 97 -2 209

gross margin/ mature cow KShs 2044 -46 6283

household income/ mature cow KShs 2106 -31 6599

variable cost/MAE KShs 88 14 210

average number of mature cows head 10 2 30

KShs 51389 7500 150000

average number of mature bulls head 3 1 6

KShs 25850 9000 49500

average herd size (MAEs) head 15 4 38

KShs 81322 22000 204500

average number of cows per bull head 3 1 6
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Table A5: Weighted average income of goat production, Serewo location

item unit mean minimum maximum

cash income

milk cups 0 0 0

KShs 0 0 0

sale head 3 0 6

KShs 2449 0 9000

income in-kind

milk cups 420 0 1410

KShs 2352 0 7896

home consumption head 2 0 8

KShs 1705 0 5975

manure wheelbarrows 3 0 6

KShs 54 0 126

increase in stock numbers head 3 0 15

increase in value KShs 807 0 5900

exchange in-kind KShs 880 0 3450

cash expenditure

purchase head 1 0 5

KShs 595 0 2500

medicine KShs 468 0 1800

salt KShs 13 0 90

DIP KShs 169 0 1296

decrease in stock numbers head -3 0 -14

decrease in value KShs -3348 0 -11933

total labour days 57 12 90

imputed interest KShs 137 22 350

gross margin KShs 3517 -1628 12343

contribution towards household income KShs 3654 -1565 12663

gross margin/ labourday KShs 73 -18 182

household income/ labourday KShs 76 -17 190

gross margin/ mature doe KShs 362 -48 1284

household income/ mature doe KShs 376 -46 1323

variable cost/ mature animal equivalent KShs 25 8 103

average number of mature does head 16 3 55

KShs 10335 1625 22100

average number of mature bucks head 7 2 21

KShs 6548 1175 17850

average flock size (MAE) head 28 6 56

KShs 18454 3450 40383

average no. of does per buck and year head 3 1 5
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Table A6: Weighted average income of sheep production, Serewo location

item unit mean minimum maximum

cash income

sale head 1 0 2

KShs 320 0 1000

income in-kind

milk glasses 9 0 46

KShs 32 0 162

home consumption head 1 0 2

KShs 420 0 1400

manure wheelbarrows 1 0 1

KShs 14 8 21

increase in stock numbers head 3 0 5

increase in value KShs 1007 0 1467

exchange in-kind KShs 0 0 0

cash expenditure

purchase head 1 0 2

KShs 160 0 400

medicine KShs 558 0 2400

salt KShs 19 0 90

DIP KShs 274 0 1296

decrease in stock numbers head 0 0 0

decrease in value KShs -60 0 -300

total labour days 24 10 44

imputed interest KShs 111 2 416

gross margin KShs 611 -2926 2122

contribution towards household
income

KShs 722 -2510 2198

gross margin/ labourday KShs 11 -186 100

household income/ labourday KShs 17 -159 103

gross margin/ mature ewe KShs 87 -585 455

household income/ mature ewe KShs 107 -502 457

variable cost/ mature animal
equivalent

KShs 94 2 430

average number of ewes head 7 1 13

KShs 4350 600 7800

average number of rams head 2 1 6

KShs 1560 300 3850

average flock size head 12 2 18

 (mature animal equivalents) KShs 6613 1050 10183

average number of ewes per
ram

head 4 2 13
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Table A7: Weighted average income of cattle production, Pserum area

item unit mean minimum maximum

cash income

milk bottles 5 0 20

KShs 71 0 300

sale head 1 0 4

KShs 13450 0 36000

lending out of oxen plough KShs 222 0 1500

income in-kind

milk bottles 994 318 3240

KShs 15126 5646 48600

home consumption head 1 0 2

KShs 3278 0 12000

manure wheelbarrows 35 4 121

KShs 715 80 2453

increase in stock numbers head 2 0 8

increase in value KShs 2889 0 13000

exchange in-kind KShs 1387 0 5850

cash expenditure

purchase head 0 0 4

KShs 2667 0 24000

medicine KShs 1043 0 2320

salt KShs 196 0 520

DIP KShs 339 0 1008

decrease in stock numbers head 0 0 -4

decrease in value KShs -10722 0 -31500

total labour days 101 80 153

imputed interest KShs 466 50 2841

gross margin KShs 21705 1943 62876

contribution towards household income KShs 22171 3153 63155

gross margin/ labourday KShs 190 20 456

household income/ labourday KShs 195 33 457

gross margin/ mature cow KShs 3587 486 6682

household income/ mature cow KShs 3696 820 6707

variable cost/MAE KShs 179 45 458

average number of mature cows head 6 2 10

KShs 33000 12000 60000

average number of mature bulls head 4 0 11

KShs 30083 0 89250

average herd size (MAE) head 10 3 23

KShs 67306 14250 155750

average number of cows per bull head 2 1 4
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Table A8: Weighted average income of goat production, Pserum area

unit mean minimum maximum

cash income

milk cups 0 0 0

KShs 0 0 0

sale head 3 0 6

KShs 2339 0 6000

income in-kind

milk cups 239 0 656

KShs 1719 0 4725

home consumption head 3 0 11

KShs 2308 0 9250

manure wheelbarrows 15 1 89

KShs 305 22 1818

increase in stock numbers head 1 0 2

increase in value KShs 65 0 300

exchange in-kind KShs 837 0 4725

cash expenditure

purchase head 0 0 2

KShs 167 0 1500

medicine KShs 888 256 2925

salt KShs 107 0 312

DIP KShs 124 0 360

decrease in stock numbers head -3 0 -20

decrease in value KShs -4715 0 -18217

total labour days 55 36 110

imputed interest KShs 141 38 334

gross margin KShs 1432 -4851 10680

contribution towards household income KShs 1573 -4769 11014

gross margin/ labourday KShs 16 -103 97

household income/ labourday KShs 18 -101 100

gross margin/ mature doe KShs 75 -511 596

household income/ mature doe KShs 86 -502 613

variable cost/MAE KShs 43 17 77

average number of mature does head 17 3 61

KShs 11014 1950 39650

average number of mature bucks head 8 2 11

KShs 7556 1500 14000

average flock size (MAEs) head 29 6 83

KShs 20169 4100 54483

average number of does per buck head 2 1 6
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Table A9: Weighted average income of sheep production, Pserum area

item unit mean minimum maximum

cash income

sale head 1 0 3

KShs 369 0 1950

income in-kind

milk glasses 5 0 42

KShs 25 0 197

home consumption head 2 0 8

KShs 863 0 4125

manure wheelbarrows 9 1 30

KShs 175 11 612

increase in stock numbers head 2 0 8

increase in value KShs 694 0 2683

exchange in-kind KShs 81 0 650

cash expenditure

purchase head 0 0 0

KShs 0 0 0

medicine KShs 506 175 990

salt KShs 89 0 260

DIP KShs 94 0 240

decrease in stock numbers head -3 0 -15

decrease in value KShs -1546 0 -8250

total labour days 27 10 54

imputed interest KShs 75 32 137

gross margin KShs -104 -5278 2115

contribution towards household income KShs -29 -5141 2198

gross margin/ labourday KShs -8 -179 52

household income/ labourday KShs -5 -174 54

gross margin/ mature ewe KShs -17 -660 279

household income/ mature ewe KShs -2 -643 328

variable cost/ mature animal equivalent KShs 63 13 107

average number of ewes head 9 1 24

KShs 4594 500 9250

average number of rams head 3 2 7

KShs 2234 1300 3900

average flock size (mature animal
equivalents)

head 15 4 29

KShs 7524 2183 14483

average number of ewes per ram head 3 1 9
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Table A10: Weighted average income of charcoal production, Serewo location

item unit mean minimum maximum

amount produced maize bags 83 2 276

gross income KShs 16308 400 55200

trees bought from neighbours number 5 0 30

KShs 250 0 1500

packing material KShs 2533 0 11040

fee for hiring transport KShs 453 0 1600

total labour days 92 3 297

imputed interest Kshs 329 0 1325

gross margin KShs 12742 356 40855

contribution towards household
income

KShs 13072 360 42180

gross margin/ labourday KShs 136 83 181

household income/ labourday KShs 139 88 181

gross margin/ maize bag KShs 156 128 200

household income/maize bag KShs 160 140 200

opportunity cost of labour KShs 4123 113 13365

added value of trees for charcoal
production

KShs 9051 256 28870

added value/ maize bag KShs 109 66 156

added value/ tree
(1 tree yields 4 bags)

KShs 436 265 623

added value/ trees
(1 tree yields 0.7 bags)

KShs 76 46 109

added value/ tree
(1 tree yields 1.6 bags)

KShs 176 106 249
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Table A11: Valuation of firewood and firewood requirements per household

labour for
collection

OC-labour,
collection

labour for
marketing

OC-labour,
marketing

market
price

farm gate
price

return to
trees

requirements
/ household

valuation at
farm gate
price/
household

return to
trees/
household

a b=a*40 c d=c*40 e f=e-d g=f-b h=365/ 3 i=h*f j=h*g

unit standard
days/
bundle

KShs/
bundle

standard
days/
bundle

KShs/
marketing/
bundle

KShs/
bundle

KShs/
bundle

KShs/
bundle

bundles/
year

KShs/ year KShs/ year

0.15 6 0.25 10 29 19 13 122 228111 159712

source: own survey

                                                       
11 Deviation due to rounding.
12 Deviation due to rounding.
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Table A12: Indigenous fruits, Serewo location (Tamarindus indica and Flacourtia indica).

hhs
indigenous fruits

income
labour days/ year
(standart days)

oc of labour return to
labour

return to
trees

trees in % of fruit
income

fruit trees in % of
household income

a b c=b*40 d=a/b e=a-c f=c/a*100 g
unit KShs days/ year KShs KShs KShs % %
S1
S2
S3
S4
S5 2120 34 1360 62 760 36 4
S6
S7
S8
S9
S10
mean 2120 34 1360 62 760 36 4
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Table A13: Indigenous fruits, Pserum area

hhs
indigenous fruits

income
labour days/ year

(standart dys)
opportunity

cost of labour
return to
labour

return to
trees

trees in % of fruit
income

fruit trees in %  of
household income

a b c d=a/b e=a-c f=c/a*100 g
Unit KShs days/ year KShs KShs KShs % %
P1
P2
P3
P4 105 2,25 90 47 15 14 0
P5
P6 300 2,25 90 133 210 70 1
P7 300 4,5 180 67 120 40 1
P8
P9 1400 11 440 127 960 69 3

P10
mean 526 5 200 93 326 48 1
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Table A14: Leaves of Balanites aegyptiaca, Serewo location

hhs

length of
consumption

period

number of
household
members

quantity
consumed/
household

quantity/
household

quantity/
household

labour for
gathering/
household

OC of
labour

return to
trees

indigenous
vegetables in
% of hosehold

income
b b c=b*0.5 d=c*a e=d*10 f g=f*40 h=e-g i

unit days adult
equivalents

populus/
day

populus/
sesaon

KShs standard
days

KShs KShs %

S1 60 2,5 1,25 75 750 9 376 374 1
S2 60 3 1,5 90 900 11 451 449 1
S3 60 1,7 0,85 51 510 6 255 255 2
S4 60 3 1,5 90 900 11 451 449 1
S5 60 3 1,5 90 900 11 451 449 2
S6 60 2,7 1,35 81 810 10 406 404 2
S7 60 2,5 1,25 75 750 9 376 374 2
S8 60 4 2 120 1200 15 601 599 1
S9 60 3 1,5 90 900 11 451 449 1

S10 60 6 3 180 1800 23 901 899 1
mean 60 3 2 94 942 12 472 470 1

All households consume leaves of Balanites aegyptiaca during its season (January - March) of about 2 months. Two meals a
day are prepared with the leaves, one adult eats about 0.5 populus of leaves per day. 1 Populus is sold at the market for 10
KShs, the market price of consumed Balanites aegyptiaca for each household is shown in row e.
1 populus of leaves can be picked in 1 hour, (people were asked how many populus per day they ate and how much time
they spent on gathering) these figures are converted into standard labour days of 8 hours (row f). Labour is valued at
opportunity cost of 40 KShs/ day (row g), returns to trees per household are shown in row h. The species is abundant in the
area, no information on how many trees equal these consumed amounts is present.
Source: own survey (group meetings, local informants, own observation)
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Table A15: Leaves of Balanites aegyptiaca, Pserum area

hhs

length of
consumption

period

number of
household
members

quantity
consumed

quantity/
household

quantity/
household

labour for
gathering/
household

OC of
labour

return to
trees

Indigenous
vegetables in %

of household
income*

a b c=b*0.5 d=c*a e=d*10 f g=f*40 h=e-g i
days adult

equialents
populus/

day
populus/
season

KShs standart
days

KShs KShs %

P1 60 4.5 2.3 135 1350 17 676 674 3
P2 60 0.7 0.4 21 210 3 105 105 1
P3 60 3.0 1.5 90 900 11 451 449 2
P4 60 5.0 2.5 150 1500 19 751 749 1
P5 60 5.0 2.5 150 1500 19 751 749 3
P6 60 4.0 2.0 145 1450 20 781 669 2
P7 60 3.5 1.8 105 1050 13 526 524 2
P8 60 2.5 1.3 75 750 9 376 374 1
P9 60 2.0 1.0 220 2200 24 940 1260 4

P10 60 3.5 1.8 105 1050 13 526 524 1
mean 60 4.0 2.0 120 1196 15 588 608 2

The same information apply as for Serewo location.
Households P6 and P9 sell the leaves, these figures are included in the table.
Source: own survey (group meetings, local informants, own observation)
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Table A16: Composition of the household income* for households of Serewo location

hhs

maize beans
inter-

cropped

beans
only

millet sorghum ground-
nuts

cowpea sun-
flowers

sweet
potato

poultry goats cattle sheep donkeys

a b c d e f g h i j k l m n
10 9 1 8 10 3 2 1 1 10 10 9 5 2

S1 2072 264 340 75 388 -1565 12238 18040
S2 -808 -13 1058 327 5953 4957 457
S3 868 125 33 -13 31 551 -22 3166
S4 1158 2139 0 0 -245 4783 9135 5460
S5 1056 345 213 140 -684 2221 9899 1437
S6 991 -106 173 213 55 2395 10375
S7 6866 964 945 1185 414 457 129 -186
S8 4585 3887 192 327 -1322 12663 43040 2198
S9 -98 167 1470 128 580 -800 89 6602 29744 2029
S10 13559 10278 9020 5545 300 -724 194 20476 -2510
mean 2521 1642 1470 1122 780 758 482 -800 300 -168 3654 15520 722 11750
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... continued Table A16: Composition of the household income* for households of Serewo location

hhs

honey other
farm

income

charcoal fruits leaves medicine firewood local
brew

claypots other off-
farm

 income

hh-
income*

o p q r t u v w x y z=a+...+y
4 1 6 1 10 1 10 3 1 2

S1 5420 15600 750 2281 55903
S2 360 11200 900 2281 3680 3100 33452
S3 510 5648 2281 2175 15352
S4 1280 1800 42180 900 2281 8280 79152
S5 360 2120 900 2281 560 20846
S6 1440 5850 810 2281 24477
S7 750 2281 8675 22481
S8 1920 1200 2281 70971
S9 900 2281 43092
S10 3240 1800 2281 63460
mean 1250 1800 13072 2120 942 5648 2281 6878 2175 1830 42919
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Table A17: Composition of the household income* for households of Pserum area

hhs

maize beans
inter-

cropped

maize
only

millet sorghum cowpea sukuma sarach xoi cassava poultry goats

a b c d e f g h i j k l
10 10 1 9 8 5 2 1 2 1 8 9

P1 6181 1223 4789 7155 236 -649
P2 669 191 15 190 350
P3 -54 243 1084 813 -39 1838
P4 5025 -2010 1719 632 -373 11014
P5 -117 -132 8985 3410 125 225 -152 -4769
P6 3832 -280 2630 433 1142 633 219 720
P7 2629 573 958 311 524 3427
P8 3575 -375 4436 2551 290 3581
P9 5124 -31 41 493 66 276 -4 150 495 -1744
P10 10616 -234 3193 280 737
mean 3748 -83 3193 2740 1975 361 313 633 110 150 150 1573
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continued Table A17: Composition of the household income* for households of Pserum area

hhs

cattle sheep donkeys honey other
farm

income

fruits leaves medicin
e

firewoo
d

local
brew

other
off-farm
income

hh
income*

m n o p q r s t u v w x=a+...+w
9 8 2 3 4 4 10 2 10 1 1

P1 3153 -5141 600 200 1350 2281 21378
P2 210 8400 2281 12307
P3 9810 2160 900 2281 1440 450 20926
P4 60363 384 3900 105 1500 2281 84541
P5 10006 328 60 1500 2281 21752
P6 4784 166 300 1450 18330 2281 36640
P7 7377 318 3111 300 1050 2281 22858
P8 21523 -393 160 480 750 2281 38859
P9 19367 1906 1000 1400 2200 2281 33020
P10 63155 2198 1050 2281 83277
mean 22171 -29 110 1080 2053 526 1196 13365 2281 1440 450 37556
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Table A18: Relative share of tree dependent activities of the household income*, Serewo location.

household total goats cattle sheep charcoal fruits13 vegetables
14

local
medicine

firewood

S1 52 -3 22 0 28 0 1 0 4

S2 77 18 15 1 33 0 3 0 7

S3 76 21 0 0 0 0 3 37 15

S4 75 6 12 0 53 0 1 0 3

S5 92 11 47 7 2 10 4 0 11

S6 89 10 42 0 24 0 3 0 9

S7 13 1 -1 0 0 0 3 0 10

S8 86 18 61 3 0 0 2 0 3

S9 96 15 69 5 0 0 2 0 5

S10 40 0 32 -4 5 0 3 0 4

mean 70 10 33 2 24 10 3 37 7

source: own survey/ calculations

                                                       
13 Fruits of Flacourtia indica and of Tamarindus indica
14 Leaves of Balanites aegyptiaca
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Table A19: Relative share of tree dependent activities of the household income*, Pserum area

household total goats cattle sheep fruits15 vegetables
16

local
medicine

firewood

P1 5 -3 15 -24 0 6 0 11

P2 88 0 0 0 0 2 68 19

P3 71 9 47 0 0 4 0 11

P4 89 13 71 0 0 2 0 3

P5 43 -22 46 1 0 7 0 10

P6 77 2 13 0 1 4 50 6

P7 65 15 32 1 1 5 0 10

P8 71 9 55 -1 0 2 0 6

P9 77 -5 59 6 4 7 0 7

P10 83 1 76 3 0 1 0 3

mean 67 2 46 -2 2 4 59 9

source: own survey/ calculations

                                                       
15 Fruits of Tamarindus indica
16 Leaves of Balanites aegyptiaca


