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Abstract 
This paper presents an assessment of the livelihood effects, costs of control, and local perceptions of 

the invasive tree, Prosopis juliflora, on rural residents in the Lake Baringo area of Kenya. Global 

concern about deforestation caused by fuelwood shortages, prompted introduction of Prosopis 

juliflora to the Lake Baringo area in the early 1980s. Prosopis juliflora is in IUCN’s new list of 100 

world’s worst invasive alien species. The Prosopis juliflora invasion in the study area has recently 

attracted national attention and contradictory responses from responsible agencies. Unlike some other 

parts of the world where it has been introduced, Prosopis juliflora potential benefits have not been 

captured and few people in the Lake Baringo area realize net benefits from the widespread presence 

of the tree. Strong local support for eradication and replacement appears to be well justified. 

Sustainable utilization may require considerable investment in the development of new commercial 

enterprises.  
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Introduction 

Prosopis juliflora (Sw.) DC is an evergreen tree native to South America, Central America 
and the Caribbean. In the United States, it is well known as mesquite.1 It is fast growing, 
nitrogen-fixing and tolerant to arid conditions and saline soils. Under the right conditions, 
Prosopis juliflora can produce a variety of valuable goods and services: construction 
materials, charcoal, soil conservation and rehabilitation of degraded and saline soils. Concern 
about deforestation, desertification and fuelwood shortages in the late 1970s and early 1980s 
prompted a wave of projects that introduced Prosopis juliflora and other hardy tree species to 
new environments across the world. Prosopis juliflora has survived where other tree species 
have failed and in many cases become a major nuisance. Prosopis juliflora has invaded, and 
continues to invade, millions of hectares of rangeland in South Africa, East Africa, Australia 
and coastal Asia (Pasiecznik, 1999). In 2004 it was rated one of the world’s top 100 least 
wanted species (Invasive Species Specialist Group of the IUCN, 2004). 
 
This paper summarizes results of a study on Prosopis juliflora and rural livelihoods 
undertaken in the Lake Baringo area of Kenya in 2004. The study was motivated by the 
magnitude of the Prosopis juliflora invasion in the local area, the level of public and 
government concern about that invasion, and the general nature of the problem across East 
Africa. Given experience from India, where poor women in arid and semi-arid areas benefit 
disproportionately from the sale of Prosopis juliflora fuelwood and charcoal, the research 
began with two presumptions: first, that the invasion resulted in clear winners and losers 
among the local population; and second that the invasion can be turned into a significant 
resource for the local population. In India, for example, it is well documented that poor rural 
women in arid and semi-arid areas benefit disproportionately from selling charcoal and 
fuelwood made from Prosopis juliflora. The field work for this study of livelihoods and 
institutions was undertaken in conjunction with a parallel ecological study of the Prosopis 
juliflora invasion and its impacts (Andersson, 2005).    
 

 
1 Pasiecznick et al. (2001) note that it is difficult to distinguish Prosophis juliflora from a closely related 

species, Prosopis pallida. While both are distinct from most other Prosopis species, they closely resemble each 

other in flower, pod and leaf morphology.  This study systematically refers to Prosopis juliflora but 

acknowledges the taxonomic confusion between the two species. 
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This study focuses on the impacts of Prosopis juliflora and the distribution of these impacts 
on local communities in two administrative locations of Baringo district, in Kenya’s 
drylands. Prosopis juliflora was among tree species introduced to the area about twenty years 
ago. The study documents the history of that introduction, establishes how Prosopis juliflora 
affects the livelihoods of individuals in the area, and how these effects are distributed across 
different categories of individuals in society such as men, women, pastoralists and 
smallholder mixed farmers. It determines the factors that structure individual and group 
responses to the proliferation of Prosopis juliflora. It also establishes the kinds of 
interventions local communities envision for its control / management and what their role 
would be in such interventions.  
 
The study addressed the following questions: 

1. What are the institutional pathways of Prosopis introduction in Baringo, and more 
generally in Kenya? 

2. What are the costs and benefits to local communities of living with Prosopis? How 
are these costs and benefits distributed across society? 

3. What factors, in addition to costs and benefits, shape individuals’ and group 
perceptions and responses to Prosopis? 

4. What are feasible solutions to the Prosopis problem in Baringo? Which agents, or 
combination of agents, may take responsibility for the various aspects of proposed 
solutions? 

Prior to addressing these specific questions, the next section of this paper presents a general 
review of factors that shape people’s perceptions and incentives to manage potentially 
invasive species. 

Factors shaping perceptions of alien invasive species 

Binggeli (2001) and Pasiecznik et al (2001) propose that people’s perceptions of invasive 
species depend upon whether their economic needs are met by the species. In the Indian 
province of Rajasthan, for example, local people’s perceptions of Prosopis juliflora were 
favorable during the early stages of its introduction. At that time, it was welcomed as a field 
boundary marker and helped avert a significant fuel wood shortage. Peoples’ perceptions 
changed later as the negative effects of the invasion – colonization of agricultural land, its 
sharp thorns, suppression of grasses and crops -- became more pronounced.  
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Income/wealth levels and dominant livelihood strategies/occupations are also important 
determinants of how individuals perceive invasive species (Pasiecznik et al, 2001). In India, 
the more affluent who can afford bottled gas for cooking, for instance, view Prosopis 
juliflora negatively, while the rural poor who cannot afford bottled gas value it as a fodder 
and fuel tree. Similarly, ranchers and pastoralists whose main livelihood strategy is livestock 
keeping view it negatively because it invades valuable pastures. Poor farmers, on the other 
hand, acknowledge its benefits for fuel and fodder.  In an aggressive program to revegetate 
India’s saline lands with Prosopis juliflora, small, marginal farmers, landless laborers and 
women (who used to walk long distances to collect firewood and forage) emerged as the 
prime beneficiaries. 
 
Veitch and Clout (2001) suggest other factors that influence people’s perceptions of an 
invasive species. These include: how damaging the species is to property and/or natural 
ecosystems (e.g. weeds in a crop, insects eating a crop, destruction of native trees); whether 
or not the species is physically appealing; the opinions of powerful, charismatic and 
influential individuals; and the media’s portrayal and the costs of managing the species.  
 
From these examples, it seems that people’s perceptions are fundamentally shaped by the 
way their daily lives interface with the species and how it affects their livelihoods and local 
economies. An economically beneficial species will more likely be favored in as far as the 
costs of managing it do not exceed the discernible benefits. However, calculations of benefit 
and cost will vary across a population. The livelihoods strategies that individuals pursue, 
their wealth levels and their gender are central factors shaping how they relate to and value 
an invasive species.  
 
While an understanding of perceptions may provide valuable insights into individual and 
group valuation of invasive species, it provides no indication of how these valuations 
motivate some form of action response. What determines individual and group responses to 
the problem or threat of invasion? In the absence of substantive empirical work on human 
responses to species invasions, the literature on institutions provides broad insights into what 
factors may motivate individuals or groups to engage in action that would mitigate the threat 
of exotic species invasions. Institutions are the set of rules and constraints that govern 
behavioral relations among individuals and groups (Nabli and Nugent, 1989). They may be 
formal such as markets or informal such as cultural norms and conventions. 
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At the level of the individual, it is generally recognized that private property rights serve to 
create substantial incentives for investment in resource management. Under this institutional 
arrangement, individuals who invest their time, effort and money are able to reap benefits of 
their investment for themselves. Following this argument, individual owners of property will 
be more likely to engage in Prosopis mitigation or control activities because they will be 
assured of capturing the gains of their investments. However, accounts of invasive species 
management elsewhere in the world suggest that private property rights may be neither 
necessary nor sufficient to check the spread of invasive species. Although the United States 
has a well-developed system of private property rights for land ownership, the spread of 
invasive species across property boundaries continues to be a major concern. 
 
In situations where individual actions are interdependent and related such as in the use of 
commonly held resources, incentive structures are even less likely to lead to efficient 
outcomes. The collective action problem (Olson, 1965) is that self-interested individuals will 
have incentive to free ride on others who provide for the public good. Each of these 
individuals will want to overuse the resource, leading eventually to its depletion or 
degradation. Thus, where land is held under common property arrangements, management 
responses to invasive species require cooperation among affected individuals (Perrings et al, 
2002). 
 
Theories of collective action provide insights into what motivates individuals to coordinate 
their activities to solve collective problems. While structural attributes such as group size, 
heterogeneity, etc have been found to enhance or depress group performance, a fundamental 
issue is an individuals’ cost of contributing relative to the expected benefits. People are 
unlikely to be willing to undertake expensive actions that provide no noticeable benefits. On 
the other hand, when individual benefits are expected to be greater than costs, people are 
more likely to act. Institutional design is one way to overcome collective failures and to 
ensure that individuals capture gains from investments in joint resources. 
 
By communicating and cooperating, individuals are able to devise a system of governance to 
regulate the use of the resource (Ostrom, 1990). This includes definition of rules, monitoring 
of behavior, and the enforcement of rules. Consequently, if individuals jointly affected by the 
rapid proliferation of an invasive species on their shared land are able to design and enforce 
appropriate rules for its management, then they are much more likely to be able to overcome 
the collective action problem and undertake effective control. Other institutional 
arrangements, including customs, social conventions and traditions, may also induce 

 11



cooperative solutions and help to overcome collective difficulties and achieve efficiency in 
the use of shared resources. 
 
Government policies also shape responses to invasive species (Perrings et al 2002). 
Government policies may create incentives or disincentives that affect how people utilize 
invasive species and the extent of utilization. Government tree planting schemes, such as 
those common in the late 1970s and early 1980s created incentives that did not consider the 
possible costs that invasive species may later impose on society. Similarly, government 
policy may constrain the range of possible profitable uses of an invasive species. In Kenya 
for example, restrictions on charcoal transportation and sale may discourage more intense 
(and profitable) use of Prosopis juliflora products, which may effectively contribute to 
controlling its rapid spread.  
 
This brief account on perceptions and responses leads this study to anticipate the following: 

1. The livelihood strategies pursued by individuals will influence the distribution of 
costs and benefits of living with Prosopis among actors in society. Pastoralists and 
farmers will incur higher costs due to pasture depletion and farmland clearing. People 
pursuing livelihood strategies such as trading of Prosopis products will accrue greater 
benefits. 

2. Women, who are heavily dependent on Prosopis for fuelwood, will likely enjoy 
greater benefits from Prosopis than men. 

3. The distribution of these costs and benefits will likely influence the perceptions of 
individuals. Those who incur higher benefits relative to costs will more likely to favor 
the invasive species, while those whose costs are higher than benefits will strongly 
disfavor the species. 

4. In the absence of joint community rules for management / control of Prosopis, it is 
unlikely that individuals will invest in controlling and/or eradicating Prosopis in the 
communal grazing lands.   

5. Individuals will more likely invest in the control, management and/or eradication of 
Prosopis in their own private land. 

Prosopis juliflora as an economic resource 

Pasiecznik et al (2001) and Pasiecznik (1999) provide a comprehensive account of the 
generic uses of Prosopis juliflora. Prosopis plays a leading role in the afforestation of arid 
lands. Their capability of growing on degraded land under arid conditions has made them 
especially suitable for this purpose. Being a multipurpose tree, prosopis fits very well into 
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dryland agroforestry systems, controlling soil erosion, stabilizing sand dunes, improving soil 
fertility, reducing soil salinity, providing fuel energy resources, supplying feed and forage for 
grazing animals, furnishing construction timber and furniture wood, supplementing food for 
humans, and promoting honey production.  
 
Prosopis juliflora produces good quality fuel of high quality calorific value, which burns 
well even when freshly cut. It also produces high quality charcoal and its heartwood is strong 
and durable. It branches are widely used as fencing posts, while its pods which are high in 
protein and sugars may be important fodder for livestock, and / or food for humans. 
However, the pods have been reported to result in facial contortions, impacted rumen and 
constipation among livestock. These ill effects may sometimes result in death. Prosopis 
juliflora has also been used to shelter agricultural crops from wind and to reduce the 
movement of soil and sand. Its leaves contain various chemicals known to affect palability to 
livestock, but also suppress the germination and growth of crops, weeds and other trees.  
 
Empirical studies conducted in Sudan indicate that wind speed inside a five-year-old 
Prosopis juliflora plantation was reduced by an average 14 %, while potential evaporation 
was reduced by 22%. There was also considerable improvement in soil texture and soil 
organic matter under the tree canopy, with soils under the canopy having higher total 
nitrogen and available phosphorus, and lower soil pH than soils in the adjacent open field (El 
Fadl, 1997). Similar studies in the Njemps flats of Kenya’s Baringo district reveal that 
standing biomass of understory plant species were five times lower under the P. juliflora 
canopy (Kahi, 2003). Plant cover was also lower under P. juliflora than in the open areas. 
Organic carbon and total nitrogen concentrations in soils under P. juliflora were 13% and 
45% higher than in the open areas. An evaluation of the comparative performance of 
Prosopis juliflora against other tree species such as Albizia lebbec, Azadirachta indica, 
Dalbergia sissoo, Morus indica, Populus deltoids, Syzigium cuminii and Syzigium 
fructicosum found that Prosopis juliflora seedlings had the highest survival rate, height gain, 
girth growth and the highest primary biomass production. 
 
The importance of Prosopis as a dryland resource is illustrated in India where it is considered 
a valuable tree species of the desert ecosystem, particularly in the arid zone of the 
northwestern Gujarat state. There, it constitutes a large percentage of vegetative cover, 
producing about 25 to 30 tons of biomass/ha/year at a short rotation age of 4 to 5 years 
(Varshney, 1996). It also has a tremendous potential for pod production. Between 1990 and 
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1995, the Gujarat Agricultural University, collected about 2000 metric tons of pods, 
generating about 100,000 man-days of labor. 
 
During the same period the university collected, processed and marketed about 300 metric 
tons of honey, which generated about a half million man-days of labor, an important source 
of employment and income for local people.  In addition, the Gujarat Agricultural university 
manufactures charcoal from Prosopis juliflora for the government of Gujarat. Between 1990-
1995, it manufactured about 300,000 bags of charcoal and generated about 300,000 man-
days of labor demand.    
 
In Mexico, Argentina, and Brazil, Prosopis pods are an important source of animal feed 
(Felker and Moss, 1996). In Peru, pods of especially sweet varieties are used for human food. 
Prosopis juliflora pods are a valuable low cost fodder in the semi-arid areas of northeastern 
Brazil (de Barros et al, 1988), where it partly offsets fodder scarcity during the dry season. 
To prevent undesired Prosopis juliflora propagation in pastures or subsistence farming lands, 
animals are fed on ground pods, either alone or combined with other fodder, so that the seeds 
are totally destroyed and plants do not proliferate through seeds embedded in animal 
droppings (Ribaski, 1988). Results of feeding trials indicate that rations for goats, sheep, beef 
cattle and dairy cattle can give very good weight gains and/or milk production when about 
60% of the diet consists of ground Prosopis pods (Abdelgabbar, 1986). Suitable amendments 
such as urea, cottonseed meal or molasses must be included in the feed. In central Mexico, 
rural cooperatives that have organized for the storage and processing of mesquite pods have 
increased the cash incomes of rural farmers and provided a local source of nutritious 
livestock feed (Silbert, 1996). A study on the costs and returns for Prosopis juliflora 
plantings in the semi-arid northeast of Brazil indicate Prosopis juliflora planting is 
competitive with other short-cycle crops traditional in the semi-arid region (de Sousa 
Rosado, 1988). The economic yield is higher than that for mascar bean, corn and arboreal 
cotton.   
 

The remarkable economic and physiological characteristics of Prosopis juliflora make it a 
prime contributor to the development of many arid regions, especially if its invasive habit is 
controlled and the thorns that limit its widespread acceptance are controlled. Efforts are 
underway in different parts of the world to moderate these unwanted attributes. New erect 
Prosopis clones with small thorns and high production of highly palatable human pods have 
been identified in Peruvian field trials (Felker, 2002). These have had exceptional 
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performance in field trials in Haiti, Cape Verde and India. India’s mesquite improvement 
program is involved in the large-scale collection of seeds of superior mesquite trees, both 
within the country and abroad (Singh, 1996). 

Prosopis juliflora as an alien invader 
Invading Prosopis tends to form dense, impenetrable thickets, associated with unfavorable 
impacts on human economic activities. Millions of hectares of rangeland have already been 
invaded, and the process is still occurring in South Africa, Australia and coastal Asia 
(Pasiecznik, 1999). Invasion has already occurred in northern Sudan where the Gash Delta of 
the Atbara River has been almost completely taken over by Prosopis juliflora (Catterson, 
2003). In the Awash basin of Ethiopia, it is aggressively invading pastoral areas in the 
Middle and Upper Awash Valley, and Eastern Harerge. It is one of the three top priority 
invasive species in Ethiopia and has been declared a noxious weed. Sudan has passed a law 
to eradicate it (Sudan Update, 1997).  
 
Land use changes, competitive ecological advantages, and climate change are key factors 
thought to influence the probability of invasion (Pasiecznik et al, 2001). In Australia and 
South Africa, for instance, Prosopis invasions followed periods of high rainfall when 
conditions for germination and establishment were particularly favourable. In northern India, 
Prosopis juliflora is a pioneer species that rapidly colonizes denuded / abandoned ravines. 
Invasions into riverine areas and degraded rangelands of Africa, Asia and Australia have 
resulted in high-density populations. Whatever the trigger for invasion, the principal factor in 
this process is the rapid and prolific seeding of mature Prosopis plants (Zimmerman, 1991).  
Seed production is estimated at 630,000 to 980,000 seeds per mature tree per year (Harding, 
1988; Felker, 1979). Those seeds are most likely to germinate when the sugary pods are 
consumed by domestic livestock, the seeds scoured while passing through the animals’ 
digestive tract, and the scoured seeds dropped into moist feces (Felker, 2003).  

 

In the Sudan, invading Prosopis is reported to depress the growth and survival of indigenous 
vegetation around it. Some farmers in the area of Kassala claim to have lost their farmlands 
to Prosopis, others complain that not only is it costly to clear but it also destroys agricultural 
crops, while others are wary of Prosopis thorns which are harmful both to farm workers and 
their machinery. Additionaly, it said to consume underground water, threatening the Beisha 
oasis in western Sudan (Sudan Update, 1997). Herders claim that the plant’s pods bring about 
some animal diseases. In Ethiopia, the aggressive invasion in pastoral areas is displacing 
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native trees, forming impenetrable thickets and reducing grazing potential. Agricultural lands 
and protected areas such as the Awash National Park are threatened.  

 

Photo: Aike G./Zeila A. 

In South Africa, it is estimated that Prosopis spp. reduce mean annual run off by about 481 
million cubic meters across the country (Impson et al, 1999). 

For over fifty years, ranchers in south-western USA and Argentina tried a range of 
techniques to eradicate or control Prosopis (Pasiecznik, 1999). Despite the high costs of 
eradication, a cost effective program is yet to be found. South Africa and Australia are 
experimenting with biological control methods, using seed-eating beetles. Because 
eradication efforts have been neither cost-effective nor technically successful, it seems the 
best option might be to adapt land use to its management and use. Reduction in stocking rates 
can encourage good grass cover, which may prevent seedling establishment. Existing dense 
stands may be thinned and/or pruned, cut stumps treated, and fuelwood, charcoal and timber 
products harvested from existing stands (Pasiecznik, 1999).  
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Early introductions into Africa  

The native range of the P.juliflora-pallida complex covers a broad geographical region in the 
Americas, from latitudes 22-25 degrees north to 18-20 degrees south (Figure 3). Countries in 
this range include Mexico, Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, 
Panama, Colombia, Venezuela, Ecuador,Peru and the Caribbean and Galapagos islands. 
Map 1: Native range of Prosopis spp  

 
Source: Pasiecznik et al 2001

In Africa, Prosopis was introduced in 25 countries spanning all regions of the continent, 
including Morocco, Algeria, Tunisia, Libya, Egypt in North Africa, Cape Verde, Senegal, 
Gambia, Mauritania, Mali, Burkina Faso, Niger, and Chad in the Sahel region of Western 
Africa, Ghana and Guinea-Bissau and Nigeria in West Africa, Sudan, Ethiopia, Eritrea, 
Kenya, Tanzania in the East and Horn of Africa, and in Namibia, Zimbabwe, South Africa 
and Reunion in Southern Africa. The current global distribution of Prosopis spp is illustrated 
in Map 2 below.  
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Map 2: Current distribution of Prosopis spp 

 
Source: Pasiecznik et al, 2001 

While records indicate that the earliest introductions to Africa may have been in Senegal, 
South Africa, and Egypt in the early to late 19th century, earlier introductions may have 
occurred (Pasiecznick et al, 2001). Unfortunately, the introductions into Sahelian Africa and 
the Indian subcontinent were from trees with non-palatable pods (Alban et al, 2002).  
Introductions into other parts of Africa remain unclear. In East Africa in particular, the exact 
origins of Prosopis spp. remain uncertain. Prosopis juliflora may have come in via livestock 
from Sudan, southern Africa or by traders from India or southern Africa.  
 
In the Sudan, Jackson (1960 cited in Gabar 1988) reported Prosopis juliflora introduction 
from Egypt and South Africa in 1917. Prosopis plants were grown in experimental 
plantations in Khartoum in 1928 and 1938, where they were found to thrive best on sand 
dune crests, eroded slopes and sandy soils. Following this, Prosopis juliflora became popular 
in arid area afforestation schemes, with subsequent introductions of different species 
(Abdelbari, 1986).  

Introductions to Kenya 

The first documented introductions of Prosopis juliflora and Prosopis pallida to Kenya was 
in 1973 for the rehabilitation of quarries near the coastal city of Mombasa, with seed sourced 
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from Brazil and Hawaii (Johansson, 1985 cited in Choge et al, 2002). The same species were 
introduced into the semi-arid districts of Baringo, Tana River and Turkana districts in the 
early 1980s with the intention of ensuring self-sufficiency in wood products, making the 
environment habitable and safeguarding the existing natural vegetation from over-
exploitation by the rising human populations (Choge et al, 2002). These introductions were 
uncoordinated and seeds sourced from commercial suppliers without reference to origin or 
quality. A report by the Kenya Forestry Research Institute and Forestry Department (Choge 
et al, 2002) shows pockets of large-scale colonization across the semi-arid areas of Kenya, 
with large-scale invasions indicated in the Tana River area of eastern Kenya and in the Lake 
Tana and Pokot areas in northwestern region of the country (Map 3). 
 

Map 3: Location of Prosopis juliflora invasions across Kenya  
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Source:  Choge et al., 2002 

Study Site 

In 2004, the authors conducted a study of benefits, costs and perceptions of Prosopis juliflora 
in Ng’ambo and Loboi, which are administrative locations in Baringo District.  The Ng’ambo 
site now has a high density of Prosopis juliflora, Loboi a much lower density. Map 4 shows 
the location of Baringo district within the East African country of Kenya.   
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Map 4: Location of Baringo District, Kenya  

  

Source: Choge et al., 2002 

Within Baringo district, the Prosopis juliflora invasion is largely confined to Marigat 
Division, which covers an area of 1,276 km2. Marigat is located about 100 kilometers from 
Nakuru town.  The site is located in a 900 square kilometer area between latitudes 0020’N 
and 0044’N and longitudes 35057’E and 36012’E (FAO, 1992).  
 
The area, mainly rangeland, has flat lands and scarp elevations between 1,000 and 3,000 
meters above sea level. The study site includes Lake Baringo and Lake Bogoria, two smaller 
lakes in the Rift Valley system of lakes that bisect Kenya from northeast to southwest. Lake 

 20



Baringo (130 km2) is a fresh water lake, while Lake Bogoria (34 km2) is a salt-water lake that 
is globally renowned for its high population of migratory birds. The catchment area for the 
lakes includes escarpments, steep hillside areas, rolling hills leading down to the lakes and 
small flatlands near the lakes. 

 
Photo: Aike G./Zeila A. 

The administrative locations of Loboi and Ng’ambo were selected for a household-level 
study of benefits, costs and institutions affecting the control of Prosopis juliflora. According 
to the expert opinion of local residents, government officials and NGOs based in Baringo, 
these two areas represent a density gradient from very high densities of Prosopis juliflora in 
the Ng’ambo areas where the initial planting sites were, through to Loboi on the northern 
edge of Lake Bogoria, with moderately dense stands of Prosopis juliflora. The Loboi area is 
at the edge of Lake Bogoria National Reserve where there are individual trees of Prosopis 
juliflora. In each of these two locations, villages with the densest stands of Prosopis juliflora 
were selected for sampling with the guidance of local residents, government officials and 
NGO workers. In Ng’ambo location, the four villages of Masai, Chemonke, Keperr, and 
Nairrag-Enkare were selected. In Loboi location, two villages, Tingtinyon and Kapronguno, 
as well as the Loboi trading center area, were chosen.  
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The study area is hot and dry throughout most of the year. Rainfall is highly variable, both 
annually and interannually. Average annual rainfall is 650 mm with weak bimodal peaks 
recorded from March- May and June-August. Temperatures vary from 30oC to 35oC and can 
rise to 37oC in some months. The monthly mean maximum temperature is usually 30oC; with 
the mean minimum varying from 16- 18oC. Vegetation in the area is comprised of Acacia 
trees (mainly A. tortilis) in association with Boscia spp and Balanites aegyptiae and bushes 
of Salvadora persica. The ground is generally bare springing up with ephemeral herbs when 
it rains. This sparse vegetation gradually gives way to bush savanna grassland towards the 
uplands in the eastern, western and southern extremities of the area. Vegetation becomes 
more sparse towards the north of the area. 
 
Soils are mainly clay loams with alluvial deposits derived from tertiary / quaternary volcanic 
and pyroclastic rock sediments that have been weathered and eroded from the uplands. They 
contain high levels of P, K, Ca and Mg and low levels of N and C. They range from acidic to 
slightly alkaline. While the soils are generally fertile, high evapotranspiration rates and low, 
variable rainfall, create water scarcities that limit intensive agricultural use. Irrigation 
practiced on Ministry of Agriculture demonstration plots yields a wide range of products 
including maize, tomatoes, onions and watermelons (Andersson, 2005).  
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Map 5: Status of Prosopis spp. invasion in Baringo 

 
Source: Choge et al., 2002 

Human population density in the study site is relatively low by Kenyan standards, about 21 
persons per square kilometre, with a total population of 26,985 people in Marigat division 
according to the 1999 census. Ng’ambo location has 4,060 people, while Loboi location has a 
total population of 1,251. The people of Ng’ambo and Loboi locations belong to two main 
ethnic groups, the Il Chamus and the Tugen. The Il Chamus (also known as Njemps), are a 
Maa-speaking group, who inhabit the lowlands around Lake Baringo. The Tugen are a 
Kalenjin-speaking group who occupy the Loboi area.  
 
A range of formal government organizations, non-governmental organizations and traditional 
institutions are active in Baringo District. In Marigat Division there is a heavy presence of 
government administration, including line ministries such as Agriculture, Livestock and 
Marketing, Environment, Health, etc. The Rehabilitation of Arid Environments (RAE) Trust 
is a non-governmental organization that has been active in range rehabilitation and reseeding 
in various parts of the Division for more than 20 years. In order to stimulate an interest in the 
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commercialization of Prosopis juliflora products, RAE Trust recently purchased Prosopis 
juliflora poles from individuals in Ng’ambo location. The WorldWide Fund for Nature has 
undertaken a community-based wetland management programme in the Lake Bogoria area 
for the past five years.  
 
Traditional institutions such as elders’ councils are active among the Il Chamus and Tugen 
ethnic groups, although the authority of these institutions has declined as government 
agencies and statutory law have taken over the functions of land allocation and conflict 
resolution that previously were prime activities of the traditional councils. Most land in 
Baringo District currently held under the communal tenure regime of the Group Ranch, an 
institution established via the Land (Group Representatives) Act of the 1960s. There are nine 
group ranches in the Lake Baringo area. As in some other parts of Kenya, there are moves 
toward individualization of these group ranches. At present, three of the group ranches are in 
the process of sub-division, while two others have formally requested sub-division.  
 
The main sources of cash income in the area are sales of livestock, fishing in Lake Baringo, 
and sales of honey. Data from the 1997 Welfare Monitoring Survey indicates a poverty rate 
of 37% in Baringo District, the lowest of any district in Rift Valley Province. The Il Chamus 
people are mainly livestock keepers who practice some rainfed agriculture and irrigated 
agriculture. Some Il Chamus people also fish in Lake Baringo. The Tugen people are more 
mixed crop-livestock producers. The main land use in the area is livestock grazing, combined 
with some crop agriculture around homestead sites and some irrigated agriculture near Lake 
Baringo. Lake Bogoria National Reserve and areas around Lake Baringo are designated for 
habitat and species conservation. Local and international tourism generates revenue for local 
administration in these areas.  
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Map 5: Map showing the location of study sites 

 
Source: FAO, 1992 
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Research methods 

The following methods were used to collect information: review of literature, semi-structured 
interviews, and unstructured interviews. Data were analyzed using simple statistical 
procedures and used in simple quantitative analyses of the individual benefits and costs of 
Prosopis juliflora.   

Review of literature and archival material 

Project assessment reports, workshop presentations and correspondence were reviewed in 
order to establish the institutional/organizational pathways of P. juliflora’s introduction, 
follow up strategies, and challenges faced by relevant implementing agencies.  

Semi- structured interviews 

A semi-structured interview was administered to individuals who were selected to ensure 
representation of different gender, age, occupation, and wealth categories. The questionnaire 
for that interview is contained in Appendix I. In Ng’ambo location, a random group of 
individuals, cutting across gender and wealth for each of the four selected villages of Masai, 
Chemonke, Keper and Nairrag-Enkare were selected from the list of residents maintained by 
the location chief. Not all individuals were available for interviewing: some had moved to 
other sites due to Prosopis invasion and / or displacement by floods, while others on the list 
actually lived and worked in urban centres. In these cases, neighboring households to those 
randomly selected were interviewed. In the Loboi villages, the chief’s list proved to be 
unreliable due to the scattered nature of settlement. An attempt was made to interview as 
many households as possible within the limited resources of the project. In each household 
sampled, the male head and his first wife were interviewed. Female-headed households were 
included in the interview. A total of 30 questions were asked about the following:   

1. Who introduced the species, when and whether the individual was involved in the 
introduction; 

2. Whether the species density had increased or decreased, where and why  
3. The general effects of this increase on other plant species, particularly grasses and 

forbs that form the undergrowth; 
4. The most important products harvested from Prosopis, quantities harvested, whether 

for subsistence and/or sale. If sale, where sold, at how much; 
5. Constraints faced in the harvest and/or sale of products; 
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6. Knowledge of alternative uses from those mentioned, and whether interested in 
alternative uses for the species and reasons why; 

7. A list of the nature of problems faced regarding the species, and a quantification of 
the effects of these problems; 

8. Whether management, control or regeneration of the species was undertaken and 
where this has been done, the costs of these activities, and whether done individually 
or by groups; 

9. The kinds of interventions they would like regarding the species and who would 
implement the intervention.  

In Ng’ambo area 65 individuals were interviewed, 36 male and 28 female, in the four 
villages of Chemonke, Keper, Masai and Nairrag-Enkare. The individuals ranged in age from 
16 to 65. The majority (55.7%) identified themselves as farmers; about 15% identified 
themselves as both farmers and herders; 8.2% as herders alone, 8.2% as traders/business 
persons, and the rest were students, civil servants or teachers. Most (52%) were educated to 
the upper primary level i.e standards 6-8, while a large proportion (22%) had not gone to 
school. About 19% went to secondary school, while 8% went to lower primary. 

 
In the Loboi area a total of 48 individuals were interviewed in two villages of Tingtinyon and 
Kapronguno, as well as a handful of people from the Loboi Trading Center. There were 23 
males interviewed and 25 female. Four assistants in Ng’ambo and three assistants in Loboi 
assisted administration of interviews. Fieldwork was conducted over a 3-week period in 
March of 2004. 

Unstructured interviews  

Unstructured interviews were conducted with key informants selected from government 
agencies, local and district government administration, NGOs and community based 
organizations to find out their respective roles in the specie’s introduction, management, 
control and use. These interviews were also intended to find out desired interventions and the 
role of respective agencies in this initiative, as well as to verify any allegations from the 
individual interviews within the selected communities.   
 
Individuals interviewed were from the Ministry of Agriculture, Kenya Agricultural Research 
Institute, Worldwide Fund for Nature (WWF), Lake Bogoria National Reserve, World Vision 
International, RAE Community Trust, and district officers such as chiefs and the district 
development officer. The list of names and organizations is presented in Appendix II and the 
question guide is presented in Appendix III. 
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Data analysis 

The value of direct costs and benefits was estimated in Kenya shillings for products 
harvested for direct use (both subsistence and trade) as well as for direct losses associated 
with Prosopis invasion. At the time of the study, the average exchange rate was 
approximately 1US$ = 75 Kenya Shillings.  

Calculating benefits 

Benefits were estimated from individuals’ responses to a question that sought to find out the 
quantities of various products harvested from Prosopis and whether those products were was 
used for home use, sale or both. Quantities harvested, whether they were for sale or home use 
or sale, were used to estimate total value derived from those products. Prices were averaged 
for respondents in each location who gave Kenya shilling values, and these prices used to 
calculate the value of both home consumed and marketed products. For example in the case 
of firewood, even though most individuals mentioned that they harvested firewood chiefly 
for subsistence, they did indicate the number of backloads they collected per week. Because a 
backload of firewood sold at an average of Ksh 50 in Ng’ambo (or Ksh 30 in Loboi), the 
value of this quantity for an entire year was determined, as firewood collection is a yearlong 
activity. Depending on the quantity of item harvested, and the frequency of harvest in each 
year, a total benefit to each individual for each product for an entire year was calculated.  
 
The unit of harvest and frequency of harvest varied with the type of product harvested. In the 
case of fencing and construction poles, for example, individuals indicated the number of 
poles/posts harvested each year. In the case of honey, they indicated the quantity in 
kilograms harvested, how many times per year. For charcoal, the total number of bags 
harvested; for pods, the number of sacks harvested each season; and for ropes, the total 
number of bundles harvested. In the case of Prosopis pods, however, most individuals could 
not estimate the amount of pods consumed by his/her livestock, primarily goats. A few were 
able to estimate the quantities or Prosopis pods harvested, in terms of sacks, for an entire dry 
season, from January to April. Such quantities were used to extrapolate to those who were 
unable to estimate pod consumption.  
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Table 1: Average costs of products generated from Prosopis Juliflora in the two 
study sites  

Harvested Item Ng’ambo (costs in KShs) Loboi (costs in KShs) 
 

Construction poles 13sh per pole 15sh per pole
Fencing poles 15sh per pole 15sh per pole
Fuelwood 50sh per backload 30sh per bundle
Honey 100sh per kilogram 75sh per kilogram
Charcoal 170sh per sack 150sh per sack
Pods 10sh per sack Not indicated
Ropes 24sh per bundle Not harvested

Source:  Authors’ analysis of survey data 

Calculating costs 

Individuals’ responses to other questions on the questionnaire was used to quantify losses in 
Kenya shillings from Prosopis invasion and the labor costs of clearing / managing / 
controlling Prosopis from individuals’ fields and homesteads. The cost of human labor in 
Prosopis management (i.e. uprooting whole plant, uprooting seedlings, cutting, burning, 
pruning, clearing undergrowth) was provided in Ng’ambo. In Loboi, very few individuals 
undertook any form of management and labor costs were not clearly specified, consequently, 
labor costs from Ng’ambo were applied in Loboi. In Ng’ambo, the average cost of labor was 
50Ksh per day. Each working day was roughly 6 hours long, with each working week 
comprised of 6 days. These figures were used to estimate total cost of labor for each 
management activity where the number of laborers and the amount of time spent on each 
activity was provided.  
 
Some individuals only provided the amount of money they spent uprooting an acre. If they 
did not provide the total number of acres cleared, then only the absolute figure he/she 
mentioned was taken as a cost. Other individuals indicated that they enlisted the help of 
family or friends, but did not provide a quantitative estimate of the number of persons 
involved. In these cases, it was assumed that four individuals were involved in the control 
operation. In cases where individuals paid for labor by providing local brew instead of cash, 
conversations with experts indicated that the cost of beer brewed would tally very well with 
the cost of labor, this being a more convenient mode of payment for some individuals at 
certain times. Where rotational labor groups were used for management activities, labor costs 
were also calculated using the average cost of 50 Ksh / day / individual. 
 

 29



In order to calculate the cost of livestock deaths allegedly via Prosopis, local agricultural 
officers from their annual agricultural reports provided three-year average figures for costs of 
these items at Marigat central market. For the past three years, a healthy cow sold at Ksh 
8,000 and an unhealthy cow for Ksh 4,500 at the Marigat market. The average of these 
figures, Ksh 6,250, was used to calculate the cost of each cattle death. Sheep and goats were 
over the past three years were sold at Ksh 1,100 for healthy animals and Ksh 650 for 
unhealthy animals. Thus, an average price of Ksh 875 was used to calculate the cost of each 
sheep or goat death. Over the same past three years, a 90kg bag of maize fluctuated between 
Ksh 700 and 1,100, with an average of about Ksh 800, while bean prices fluctuated between 
Ksh 2,700 and 3,000 for a 90 kg bag.  

Statistical analysis 

Data analysis relies primarily on the use of simple descriptive statistics such as percentages 
and averages. Chi-square analysis is also employed to analyze whether variation in the social 
categories of gender, age, education, occupation and village residence influenced how 
Prosopis is used. The association between each of these social categories and the different 
uses such as fuelwood, construction/fencing poles, honey production, pods for fodder, ropes, 
etc was examined. Analysis of variance was conducted to help determine the variation in the 
distribution of the costs and benefits of Prosopis management across the social direct 
benefits of Prosopis julifora.  

Findings 

Narrative of prosopis juliflora in Baringo 

Prosopis juliflora was introduced into Baringo district through the efforts of the 
“Fuelwood/afforestation extension in Baringo” project, a joint FAO/Government of Kenya 
initiative. This project originated from prior consultations that identified Baringo district as 
an area needing rehabilitation from over-grazing and over-exploitation of its semi-arid 
woodlands (FAO, 1985). The Baringo Fuelwood/Afforestation Extension project became 
operational in February 1982. It was implemented in two phases, phase I from 1983-85 and 
phase II from 1987-90, with a brief interruption in 1987 when FAO temporarily withdrew 
project management support. 
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The project’s objectives were to: 
1. Establish demonstration plantations incorporating trials of tree species and 

development techniques suitable for arid and semi-arid conditions; 
2. Demonstrate integrated land use practices incorporating fuelwood production as an 

important component as well as management practices for community forestry; 
3. Support and strengthen forestry extension activities in the Baringo district; 
4. Evaluate the effects and impact of the government afforestation and extension scheme 

and suggest necessary modifications/improvements; 
5. Provide other assistance as necessary to Kenya’s Forest Department. 

The project operated under the Ministry of Environment and Natural Resources, Forestry 
Department, coordinated by the Chief Conservator of Forests and the Provincial Forest 
Officer (Rift Valley) as the national project director.  The project engaged in diverse 
activities including the establishment of demonstration plantations, recruitment of nomadic 
pastoralists and agro pastoralists into individual tree planting; trainings of beneficiaries; 
provision of employment to pastoral communities mainly through ‘food for work basis,’ and 
the establishment of a central seedling nursery and 19 smaller nurseries.   
 
While the project became operational in February 1982, plantings were conducted in 1983 
and 1984. Both were drought years with annual rainfall totals of only about 200mm, just 31% 
of the long-term annual average. Plots were established by local communities through food 
aid assistance from the World Food Program, which ensured continued field operations 
during the drought years when over 1000 local men and women were employed on food for 
work basis.  Land acquisition for tree planting was through a lengthy negotiation between 
project staff and the pastoralist communities, who were initially apprehensive of committing 
their land for such ventures due to the fear that the Forestry Department might one day 
gazette such land, rendering it inaccessible to the traditional owners (Kariuki, 1993).  
 
Tree species planted included leguminous species such as Prosopis spp., Parkinsonia spp., 
and Cordia sinensis, intended for fodder resources.  Other hardy, drought resistant, fast 
growing species such as Albizzia lebek, Cassia spp., Melia spp., and Eucalyptus spp., were 
planted. 
 
At the end of the first phase of the project, the project had established 12 extension nurseries, 
with a total potential annual output of 620,000 seedlings. 246 hectares of demonstration 
plantations had been established on 36 sites around the area (FAO, 1985), 14 in the Ilchamus 
area and 22 in the Tugen plateau. These demonstration plantations occupied a total of 246 

 31



hectares-140 hectares in the Il Chamus areas and 106 hectares in the Tugen areas. Prosopis 
juliflora was planted in all but six of the Tugen sites. During this period more than 60 tree 
species or provenances identified for fuelwood, fodder and fruit production were tried. Out of 
these 28 species, 18 were termed indigenous and 10 exotic (Ndegwa, 1988). Prosopis 
juliflora and P. chilensis were among the planted exotics.  
 
Following a favourable appraisal of the first project phase by a tripartite 
(Kenya/Australia/FAO) review mission, the project was extended for a further three years 
from 1986-1988. Trees were planted in 19 more plots, covering 131.5 hectares. Most species 
planted at this time were exotics. For the Njemps flats in particular, emphasis was placed on 
four species: Parkinsonia aculeata, Prosopis spp., Cordia sinensis, and Albizzia lebbek 
(FAO, 1986). Emphasis was also placed on the integration of agroforestry tree species with 
sorghum, millet, cowpeas and green gram crops as a means of adding further value to the 
1985 and 1986 demonstration plots.  
 
Between April 1987 and March 1988 a further 22 plots were established on 166.5 hectares. 
Prosopis species were further recommended for farm-level extension, primarily on the 
Njemps flats. Most plots in the Njemps flats were fenced with barbed wire and protected by 
paid guards. In the Njemps flats, where pastoralism forms the main economic activity, tree 
planting outside the project demonstration plantations has been confined to mostly schools, 
with 60 individuals volunteering to intercrop trees with crops. By the end of the project in 
1990, a total of 739.5 hectares of demonstration plantations had been established (Kariuki, 
1993). The World Food Program’s food-for-work agenda continued to provide most of the 
labor inputs to the project. Between 1983 and 1987, the cost of WFPs food rations was 
estimated at Kshs. 9 million. 
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It was the intention of the project to hand over the demonstration plots to the communities 18 
months after establishment. Communities however declined to take over the management of 
the plantations for several reasons. Project beneficiaries were not ready or able to commit 
their meager financial, labor and other resources to the planting of trees where a market for 
fuelwood did not exist (Kariuki, 1993).  Uncertainties in realization of tree benefits 
constituted a major disincentive for tree planting on communal land by individuals (FAO, 
1992).  
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In addition, the project seems not to have worked out a benefit appropriation mechanism at 
the project design stage. Group ranches were introduced in the area at the same time creating 
some uncertainty regarding land ownership and control among and between the Tugen and 
Ilchamus pastoralists. Group ranch committees had not yet crystallized and did not enjoy the 
same authority as traditional leadership structures. Another challenge to the long-term 
sustainability of the project was its heavy reliance on the food for work programme of the 
World Food Program. By the end of the project food rations accounted for 34.7% of total 
project expenditure (Kariuki, 1993).  

Perceptions of the invasion 

It is now close to two decades since Prosopis spp were introduced in Baringo.  Despite its 
stated benefits to both environment and economy, local communities are bitter about its 
negative impacts. The Ilchamus community, resident in the Ng’ambo area where the bulk of 
initial demonstration plots were established, are concerned about the magnitude of negative 
impacts associated with Prosopis prolific growth and establishment. On March 2nd 2004, the 
Il Chamus community, represented by a community-based organization, the Community 
Museums of Kenya, took their complaints before the National Environmental Management 
Authority’s Public Complaints Committee. The PCC is an independent committee authorized 
under section 31 of the Environmental Management and Coordination Act of 1999 to 
investigate cases of environmental degradation as reported by the public (or even as gathered 
from other diverse sources) and to recommend appropriate action. It offers a simple avenue 
for conflict resolution without having to resort to the rigors of the court process.  
 
Community Museums of Kenya presented a catalog of complaints to the Public Complaints 
Committee. Community Museums of Kenya leveled responsibility for the introductions 
against the Kenya Forestry Research Institute, whom they accused of having introduced the 
species in collaboration with the FAO. It was claimed that Prosopis caused soil erosion, 
resulting in flooding and siltation of Lake Baringo. Goats consuming Prosopis pods had 
problems with their teeth and produced bad tasting meat. The plant was alleged to lower the 
water table, leading to a drying up of swamps and ponds in a generally water scarce 
environment. Pollen from Prosopis is alleged to cause allergy and inflammation of the lungs, 
while the plants formed extensive thickets that choked other plants and threatened farming 
activities. They claimed that the introduction of Prosopis went against the provisions of the 
Noxious Weeds Act (Cap 325) of the Laws of Kenya. The local people were not involved in 
its introduction either. Community Museums of Kenya, on behalf of the Il Chamus 
community, demanded eradication of Prosopis. In the absence of sufficient information, 
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however, the PCC held against making a ruling until it visited the Ng’ambo area to verify the 
situation on the ground.  
 
Prior to the Public hearing, the vices of Prosopis juliflora had captured the local print 
media’s attention. In August of 2003, for example, The East African Standard featured the 
magnitude of threats posed by Prosopis to the Ilchamus community. It also featured, 
notwithout some embellishment, accusations and counter-accusations on Prosopis 
introduction that were flying between FAO, Community Museums of Kenya and the 
Ministry of Environment, Natural Resources and Wildlife. Yet another article made its way 
into the Daily Nation of November 13th 2003. This one from a local resident of Baringo, 
presumably from the Il Chamus community, who highlighted the species’ strong thorns, its 
pods malformation of goats’ dental structure, impenenetrable thickets that choke up 
important plants and destroy wetlands, and difficulties imposed on accessing Lake Baringo. 
More recently, the Director General of the National Environmental Management Authority 
added to the growing vilification of Prosopis.  Concluding that Prosopis is “…a weed whose 
value is out-rated by the losses it poses.” The director strongly advocated for its eradication 
by whatever means, chemical and/or manual. He stressed the need for urgent response 
(Michieka R. East African Standard, July 10th, 2004). 
 
The public attention given to Prosopis juliflora invasion in Baringo has occurred against the 
backdrop of substantive efforts at understanding the Prosopis juliflora problem and its 
potential solutions, not only in Baringo but elsewhere in Kenya. Between October 2001 and 
January 2002, the Kenya Forestry Research Institute in collaboration with the Forest 
Department conducted an appraisal of the status and impacts of Prosopis invasion, its 
utilization by local communities, and the possibilities for commercial exploitation of its 
products by communities that have to live with it (Choge, et al, 2002).  
 
Two years after the KEFRI/FD status inquiry, in October of 2003, KEFRI and Forest 
Department hosted a national workshop on the integrated management of Prosopis spp in 
Kenya (Choge and Chikamai, 2004). About 70 participants attended this workshop from a 
wide range of organizations and expertise, including local community leaders. Six technical 
papers on the status of Prosopis in different parts of Kenya were presented. An additional 
technical paper highlighted experiences of Prosopis utilization and management in other 
parts of the world. Working group discussions on policy, legislation, management, use, 
cultural and socio-economic issues, and research issues identified a framework for both short 
and long-term strategies for the integrated management of Prosopis. A cross-sectoral 
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Prosopis Task Force was established to provide advice to the government on ways of 
managing the Prosopis problem in the arid and semiarid lands of the country in an integrated 
and sustainable manner. The Prosopis task force would work through the larger National 
Task Force on the Environment. 
 

Map 6: Areas invaded by Prosopis spp in Baringo District 

 
Source: Choge et al, 2002 

Local perceptions of Prosopis  

Enquiry into the status of Prosopis over the last 5-10 years indicates a general increase in the 
tree’s density, both on communal grazing areas and on individually controlled areas such as 
homesteads and cultivating fields.  The increase of Prosopis on ‘individual’ land was 
attributed to several factors, including difficulties in controlling the spread of the trees and 
the dispersal of seed by both livestock and water. Only 3% of the respondents observed that 
the plant had declined on their land because of their continuous efforts to control it. On 
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