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Clearing farmland in Djibouti invaded by prosopis trees, first by thinning stands for access.
Photo: Nick Pasiecznik

Introduction

"Realizing opportunities
to exploit invasive
tree resources can
create productive
and climate‑resilient
agroforests."

Land degradation is associated with deforestation and the expansion of unsustainable agriculture. What receives much less attention is another form of degradation, which results from a massive
increase in tree cover. The invasion of exotic woody weeds is a serious issue over many millions of hectares in dryland Africa, and its
impacts certainly meet the IUCN definition of land degradation:
“a reduction or loss of the biological or economic productivity and
complexity of land” (IUCN 2015).
Woody weeds can form impenetrable thickets that have significant negative social, economic and environmental impacts, but
they are largely overlooked when targeting areas for restoration.
This article focuses on Prosopis juliflora, by far the most common
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invasive tree in tropical African drylands, and with some of the efforts made over the past 15 years to
achieve the emerging solution of “control by utilization” for livestock fodder, charcoal and other tree
products in Djibouti, Ethiopia, Kenya and Somaliland.

The main woody weeds
Tree species of the genus Prosopis are the main invasive woody weeds in dryland Africa, as well as
in many tropical and sub-tropical dry areas in Asia, Oceania and in their native American ranges.
Prosopis juliflora dominates in tropical regions worldwide, especially in the Greater Horn of Africa. P.
pallida is common in a few countries, with P. glandulosa and P. velutina highly invasive in more sub-tropical climates. Other important exotic invasive woody weeds include Acacia, Opuntia and Parkinsonia
species, among others. Encroachment by native trees and shrubs is also an issue in some areas.
Whether comprised of exotic or indigenous species, however, invasions have similar causes, impacts
and scalable solutions. Most Prosopis species are tolerant to drought, fast-growing, nitrogen-fixing
legume trees. In their native ranges, trees are highly valued for shade and shelter; sweet and nutritious
pods for feed; and wood for fuel, poles and quality sawn timber; as well as for honey and many other
products (Simpson 1977).

Arrival and spread of prosopis in Africa
Seeing its drought tolerance and use by indigenous peoples, prosopis was introduced to Africa by
European colonists, first to Senegal in 1822, then South Africa (circa 1880), Egypt (circa 1900) and
Sudan (1917); see Pasiecznik et al. (2001). Most of today’s invasions in the Greater Horn of Africa and
the Sahel, however, arose from introductions of particularly thorny, shrubby and invasive Prosopis juliflora provenances made since the 1970s, especially by well-intended aid organizations in the 1980s to
combat desertification and to address "the fuelwood crisis.”
Prosopis spread from the original plantations and trial plots. In Baringo County, Kenya, for example, coverage increased from 882 ha in 1988 to 18,792 ha in 2016 (Mbaabu et al. 2019), equivalent to
some 650 ha/y. In Ethiopia, it was estimated that prosopis was expanding at a rate of 50,000 ha/y
(Yemane 2014). In 2015, there was an estimated 5 million hectares of prosopis in the Greater Horn of
Africa and 10 million hectares throughout the continent (Pasiecznik et al. 2015). Extrapolations from
recently published papers on expansion rates and others on coverage from remote sensing data in
specific sub-national jurisdictions, lead to estimates that there are now at least 10 million hectares
of prosopis between Ethiopia, Kenya, Somalia and Sudan, with an additional 1-2 million hectares
between Djibouti, Eritrea, South Sudan and Uganda. In the whole of Africa, the area now covered
must now be in the range of 20 to 25 million hectares. This is not an insignificant issue.
And it could have been predicted. Native prosopis trees had started invading rangelands, notably
in the southwestern United States and South America’s Gran Chaco by the mid-1800s, following the
introduction of cattle and less use of fire that kills seedlings. Prosopis pods are relished and spread by
livestock and other animals and are also spread after rains. Seeds pass through the gut undamaged,
and overgrazing increases seedling recruitment as they cannot compete with good grass cover.
Overgrazing also leads to the depletion of soil nitrogen; and this, along with more frequent droughts,
gives prosopis trees a competitive advantage.
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Extensive invaded rangeland in Afar (Ethiopia), suppressing native vegetation (Djibouti), blocking roads
(Somaliland), and scrubland with a sign to a training school on prosopis management and utilization (Kenya).
Photos: Nick Pasiecznik

Impacts on land degradation
Invasions follow an ecological succession that lead to dense stands in 10 to 15 years. Once established,
eradication is impossible — as seen in the USA after decades of knapsack and aerial spraying, and
mechanical control (using bulldozers, root ploughs and other heavy machinery), and of failed biological control in Australia and South Africa. Impenetrable thorny thickets reduce pasture potential
in rangelands. In cultivated fields they lead to the abandonment of farmland, with invasions also
common along watercourses and around towns. And with little else to eat in the dry season, livestock
that feed only or largely on prosopis pods can suffer various health problems, leading many people
to believe, incorrectly, that pods are poisonous. Invasions reduce native plant biodiversity, lower the
water table, block paths and access to water points, and have even forced entire villages to migrate
to other locations (Pasiecznik 1999).
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Clearing irrigational canals (Somaliland), clearing farmland (Djibouti), cleared farmland back in production
(Djibouti), and cleared rangeland with an example of a high-pruned tree (Somaliland). Photos: Nick Pasiecznik

Converting dense thickets to managed agroforests
Studies of the relative costs and benefits of prosopis invasions have come to various conclusions. In
Ethiopia and Kenya, for example, income from livestock was reduced over ten years, but there was an
increase in income from wood sales (Linders et al. 2020). The proposed solution is to encourage an
economic succession, and conversion to open agroforestry systems at tree densities appropriate to
each site, between 50 and 250 trees per hectare.
Exotic trees can become invasive because they were not introduced with indigenous knowledge.
This was certainly the case with prosopis, as in Africa it is still widely considered a useless weed. In
its native range in the Americas, however, pods were an important staple food in the past (Simpson
1977), and are still consumed and commercialized today. Also, for every tonne of pods that is collected
and milled, some two million seeds are destroyed, which limits spread. But only since the 2000s has
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Collecting abundant pods (Somaliland), in sacks ready for transport (Somaliland), spread out for drying and milling (Djibouti), and milling by a women’s cooperative (Somaliland). Photos: Nick Pasiecznik

information in the form of training courses and manuals begun to appear. This includes experiences
from Peru, where community associations sustainably manage and make a living from the fuel, fodder, food, honey and timber provided by their native prosopis forests (Parra et al. 2015).
A similar situation occurred with another plant from Peru: the potato. Following its introduction to
Europe in the late 1500s, it took almost a century to be widely adopted as a food plant. At first, people
ate the fruits and unripe tubers, becoming sick and thinking the plant was poisonous. Today it is the
fifth most common food crop in the world. Prosopis pods also have the potential to become a major
— and drought-resistant — source of food and fodder (Pasiecznik et al. 2012).
In tropical Africa, prosopis trees are cut with axes or machetes, and people either dig out their roots
or burn their stumps . On farmland all trees tend to be cleared, whereas on pasture land, thickets are
thinned, leaving selected trees at wide spacings. The cut wood is separated into poles and firewood
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Charcoal ready for bagging (Somaliland), and being loaded for sale (Djibouti). Photos: Nick Pasiecznik

or converted to charcoal. The remaining widely spaced trees will also produce much greater yields a
much greater yields of pods that are much easier to collect than those from thickets. In Brazil’s northeast, prosopis is planted at wide spacings — up to 10x10 metres — specifically for pod production. And
one company producing prosopis-based animal feed had an annual turnover of US$6 million in 2010.
Another benefit is climate change mitigation, that would help to meeting nationally determined contributions (NDCs) in line with the Paris Agreement. Geesing et al. (2000) estimated that two tonnes of
soil carbon could be sequestered per hectare in plantations through incorporation of leaf litter and
root decomposition, and this could also be achieved by thinning invaded thickets.
The potential of improved prosopis management and utilization is clearly enormous, as noted in
Pasiecznik et al. (2015):
“What would you say if you were told that a million tonnes of wheat is produced every year in
the Greater Horn of Africa, but is left to rot on the ground? And it is produced without any need
for ploughing or sowing, no irrigation, no pesticides, and produces in drought years as well...
However, it is becoming increasingly clear that even the most conservative estimates for the
production of ‘wild’ prosopis pods in the region, that yield a flour that is nutritionally equivalent
to wheat or maize flour, are at least in this order of magnitude. We are searching for solutions
to problems of food insecurity, fodder shortages and unemployment, and answers to problems of climate change adaptation and mitigation. Yet, a large part of the answer is already
here, in the ‘great green forest’ of prosopis that is spreading across the Horn and beyond, also
producing at least ten million tonnes of biomass each year.”

Promising solutions but persistent challenges
In Ethiopia, FARM Africa and the Afar Prosopis Management Project worked with pastoral communities
from the mid-2000s to promote the production of charcoal and prosopis pods for animal feed, with
5,000 hectares of land restored (Kassa 2014). Early results were promising, but were not sustained. In
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Goats feeding on milled prosopis pods (Djibouti), and tasting various foods incorporating pod flour (Kenya).
Photos: Nick Pasiecznik

addition, a company used milled pod flour in livestock rations for many years, but struggled to ensure
consistent supplies. Small-scale production of charcoal and animal feeds is said to be expanding
again, although there is no data on volumes produced. However, an economic analysis showed that
in Ethiopia, control of prosopis through utilization can be a viable management strategy under the
right conditions. This is especially the case for charcoal making, which needs little capital investment,
whereas to produce pod flour, changes in production and management are required to make such
enterprises profitable (Wakie et al. 2016).
In Kenya in 2006, communities were collecting pods which they sold to a livestock feed company
for US$35–55 per tonne. In 2007, 21 tonnes were collected, earning communities more than US$1,000,
although problems in agreeing on a price, and with storage and transport, led to the arrangement
ending. But groups began collecting again in 2011, with 11 tonnes of pods made into mixed rations and
feed blocks for sale in local markets (Choge et al. 2012). And after the Kenyan government legalized
the production of prosopis charcoal in 2007, communities earned over US$90,000 per month from
sales in the three counties where people were trained to make charcoal. Clearing prosopis trees for
charcoal-making also promotes the growth of understorey grasses and discourages the regeneration of prosopis trees (Choge et al. 2012).
Prosopis has one of the hardest and most dimensionally stable timbers in the world, with an attractive reddish colour comparable to rosewoods (Dalbergia spp.); it fetches a good price and is in high
demand for furniture and flooring in the Americas. Felker (1999) calculated the net profit from timber alone in intercropped prosopis agroforests at 10x10 m spacing to be US$9,774 per hectare over a
30-year rotation (US$326/ha/y), with an internal rate of return of 9.3%. Invasive stands will also produce sawlogs when thinned and pruned to single stems and with similar spacing. The use of chainsaw mills to convert prosopis logs into sawn timber for local use was introduced to Kenya in 2006.
Some artisans began to use the wood for carpentry and carvings, but wood-based enterprises did
not develop.
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Sawing prosopis logs and artisanal carpentry (Kenya). Photos: Nick Pasiecznik

In Djibouti, first supported by UNDP and the Government of Djibouti in 2008 and since 2012 by FAO,
communities were provided with mills, tools and training. One cooperative collected six tonnes of pods
in 2013, which they milled and distributed to members to feed their animals, and who witnessed an
increase in milk yields. They also milled almost three tonnes of pod flour, which they sold for US$1,000
(Choge and Pasiecznik 2014). Charcoal making became another profitable enterprise. However, disputes over ownership and management of the project-donated mills meant that production of flour
was not sustained, although charcoal making has expanded.
A regional conference in Addis Ababa (Tsegay et al. 2014) described “control by utilization” initiatives
tested in Djibouti, Eritrea, Ethiopia, Kenya, Somaliland and Sudan, including the initiatives discussed
above, which confirmed the multiple uses of prosopis and highlighted other successes. However,
many of these efforts were not sustained. The overriding reason appeared to be the absence of ongoing support for training in technical and business skills and the lack of markets and appropriate processing machinery.

Recent advances
Building on past experiences, an innovative project in Somaliland (2016–18) has improved food, fodder
and fuel security and created employment and new rural enterprises. This was achieved by raising
awareness, building capacity in prosopis use and management, and providing hand tools and portable small-scale mills (Pasiecznik 2018). Positive impacts reported by FAO (2020) included the clearance
of access roads and irrigation canals, bringing prosopis-invaded farmland back into production, and
supporting the recovery of indigenous plants preferred by livestock. Prosopis management also had
a positive environmental impact (according to 90% of interviewed households), and reduced flooding. Local cooperatives confirmed the importance of the training in technical and business skills that
they received, which helped them to produce and market charcoal and animal feed. A first order for
5 tonnes of milled pods in 2018 was followed by another for 50 tonnes, putting more than US$12,000
into the pockets of local people. Also, interviews with some cooperatives indicated that revenues from
charcoal sales far exceeded this amount. The foundation is now laid for the further development of
sustainable enterprises that create employment, especially for youth and women.
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Conclusions
Improving the management and use of the millions of hectares of prosopis invasions will help to overcome the challenges of food, fodder and fuel insecurity, rural unemployment and migration, land
degradation, and climate change adaptation and mitigation. This could generate benefits on a very
large scale, but it requires support to mobilize communities, improve local governance, organize and
train producer groups in appropriate technologies, and develop new markets and viable enterprises.
The following recommendations are proposed:
•
•

•

Governments, donors and organizations need to support small-scale processing and marketing of innovative fodder, food and other wood and non-wood prosopis products.
Governments have to formalize, legitimize and regulate sustainable charcoal value chains
from prosopis and other woody weeds, and promote the production of processed prosopis
pods as viable alternative livestock feed.
Initiatives such as the African Union’s Great Green Wall, UNCCD’s Land Degradation Neutrality
and NEPAD’s AFR100 must incorporate the restoration of invaded drylands into their programming, and encourage the sharing of experiences between countries and continents.

There is an urgent need to come together to create a “great green wall of purpose,” identify appropriate drought-proof livelihood options with communities, and scale these efforts throughout the
drylands in the Greater Horn and beyond. One of these options is, without doubt, the development
of value-added products such as charcoal, livestock fodder, nutritious flour and sawn timber from
invaded land, profitably restored and converted into drought-proof agroforestry systems that meet
local needs.
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