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SUMMARY 

 
The critically endangered forests of Africa’s mountains and high 

plateaux are central to mitigating climate change, supporting 

economies and protecting fragile environments. Their loss is 

proving to be catastrophic locally, regionally and globally. Reversing 

this loss is possible. The need to do so is immediate. 

 

Taking the heavily degraded Eritrean plateaux as an example, this 

paper briefly outlines why conservation and restoration of African 

mountain forests are fundamental to addressing climate change, 

sustaining economies, and protecting water supplies and soil. It 

then presents an evaluation of an innovative 21-year research 

effort to restore native forests on severely eroded land in three 

villages at ±2,500m elevation. 

 

The original research aim was to improve livelihoods and increase 

local people’s options on dry lands where erosion had removed 

almost all soil, agriculture had been abandoned and the only 

options considered were grazing or eucalyptus plantation forestry. 

Between 1992 and 1995 Norwegian People’s Aid (NPA) funded the 

research from the Sudan Sahel Ethiopia (SSE) grant, a Norwegian 

government programme that focussed on challenges facing Africa’s 

Sahelian dryland areas. Using a participatory research approach, 

eight long-term experiments were planted with various 

combinations of the two most locally valued native tree species (juniper and olive), and the most valued 

non-native species (eucalyptus) to assess which approaches to environmental restoration would best 

increase people’s livelihood options. 

 

In 2013 the Drylands Coordination Group (DCG – a network of organisations developed from the SSE 

programme) maintained this long-term focus and commitment to African dry lands by inviting a closer look 

at the research outcomes over two decades later. They approached the Norwegian Agency for Development 

Cooperation (Norad) who agreed to support an evaluation of tree survival and growth, and how much the 

work had impacted local communities. 

 

With part funding from DCG, the evaluation used participatory approaches through which the author, staff 

from the Eritrean Ministry of Agriculture (MoA) and people from the three local communities agreed on the 

relevant evaluation questions and approaches. All three sites were visited several times with a primary 

evaluation team of three MoA Forestry and Wildlife Authority (FWA) staff and the author, plus key people 

from each community. Trees were counted, measured for height and crown area, and surveyed with a 

theodolite for precise geo-referencing. Where there was a gap due to tree death, or a replacement tree had 

been planted, this was noted. In addition to formal meetings with village authorities, a number of informal 

conversations were held with local people including children grazing animals or playing games, women and 

men who were passing on the road, and groups of people in the three villages. 

 

Results were overwhelmingly positive, showing that it is possible to achieve ecological restoration of heavily 

degraded land using highly prized native trees while simultaneously improving local people’s livelihoods 

with fast growing trees and increased wood supply. The results also provide the basis for a multinational 

effort to scale up the results, as well as valuable lessons for climate change and reforestation efforts on 

degraded dry lands (Jones, 2015).  

Olive tree stump on soil pedestal, Rora Habab, 
Eritrea, 1987, where surface soil erosion exceeds 
1.5 metres in many places in the last 80 -100 years.  
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This evaluation showed that: 

- It is possible to restore heavily degraded highlands in East Africa while simultaneously improving 

livelihoods using combinations of native olive and juniper, and faster growing eucalyptus. All three 

species can co-exist, with native olive, juniper and herbs growing well underneath eucalyptus 

crowns, and eucalyptus providing harvestable timber after 10-15 years depending on site. Olive and 

juniper seedlings can survive, even when planted in small rock crevices. According to community 

elders who were initially concerned about losing grazing land, the quality and quantity of forage for 

grazing actually increased on sites where goats and sheep were carefully managed. Biodiversity 

increased on all sites.  

- Village authorities and local people were pleased with the results and are drawing up plans for 

extending the work. They described specific improvements in land quality and potential, and a real 

sense of achievement. They described one especially dry, rocky site as ‘holy’ because they found it 

peaceful and beautiful, with 100% seedling survival and many birds, fruiting trees and self-seeding 

plants present after 21 years. 

- The technical obstacles to 

restoration using native 

species on these almost 

barren sites have largely been 

overcome. The ecological and 

silvicultural approaches used 

here should transfer relatively 

easily and cheaply. 

- Some social obstacles still 

need to be addressed. These 

vary according to local 

contexts. Even on the driest, 

rockiest areas, most trees 

survived. However, the two 

key reasons for limited olive 

growth were social: grazing by 

goats and sheep on some 

sites, and opportunistic 

snapping of branches for 

toothbrushes on most sites. 

In one experiment involving over 3,000 trees, only 12 had been wilfully damaged over the 21 years. 

Eight juniper saplings had been broken or taken for wood, and four olive saplings had been broken 

and left on the ground. However, considering that no fences were used throughout the 21 years, 

this is powerful confirmation of lasting local commitment to the initiative.  

- Attention to policy objectives needs to be maintained. While the government has achieved 

impressive results in conservation and reforestation, coordinating central and local government 

efforts remains important. Forestry and environmental policies that will ensure restoration success 

need to be further refined, building on the cross-ministry coordination that is already in place to 

support speedy, nationwide land restoration. These efforts need to maintain effective 

communications, and continue to sensitively respond to (among other things) differences in land 

tenure; tree ownership and user rights; competing demands over land use; grazing rights; and 

gender specific, locally agreed needs in different communities and districts.  

- The work can be replicated in other African countries and a network of experts is ready to 

collaborate on developing initiatives to do this. African experts discussed this work at a DCG-funded 

Sub-plot of inter-planted olive, juniper and eucalyptus, Weki, April 2015. Note 
regeneration from cut eucalyptus in foreground. Native juniper and olive trees 
are left to grow while eucalyptus sustainably provides multiple timber harvests.  
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conference in Oslo late 2014. They also reported on the status of African mountain forests across 

east and southern Africa. For example, in Kenya and Tanzania, mountain forests are being lost due 

to politically and socially driven incentives for expanding agriculture – even where short-term gain 

means undermining long-term sustainable land use (Amwatta and Kigomo, 2015; Obwoyere and 

Maina, 2015; Madoffe and Kajembe, 2015). These results from Eritrea are relevant in similar 

contexts across East and Southern Africa and can support wider efforts for conservation and 

ecological restoration (Jones, 2015). 
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Deputy tree nursery manager from Zagir, Eritrea, using a survey reflector in a sub-plot of native 
olive trees, 2015. Local people have been project team members throughout the project - 
generating and agreeing initial ideas; undertaking land preparation and planting; assessing and 
managing risk; developing indicators for monitoring and evaluation; protecting and managing 
the sites; and as on-site members of the evaluation team. This part of the evaluation involved 
individually mapping and geo-referencing almost 3,000 trees for future measurements. The 
participatory approach ensured that the evaluation took opportunities to train local people in as 
many aspects of the evaluation and research as possible. 
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PARTNERS 

 

• Village administrations and local people in Sub-zoba Serejeka (Karneishem District), Eritrea 

• Ministry of Agriculture (primary partner) and Ministry of Education, Eritrea 

• Nursery managers and staff in Beit Giorgis, Zagir and several other nurseries 

• NORAD and Norwegian People’s Aid 

• NORAD / NPA contributed about $200,000 in two grants between 1991 and 1995. 

• Communities contributed long-term hospitality, several hectares of land and significant time. 

• The MoA and local administrations contributed significant time and other resources such as nursery 

space, community venues, skilled labour, seeds, authorisations and access. 

• Drylands Coordination Group 

 

 

THE IMPORTANCE OF AFRICAN MOUNTAIN FORESTS 

 

The mountain forests of East and Southern Africa are life-supporting systems whose steady loss is having 

dire consequences directly for millions of people, and indirectly for millions more. Three things explain why 

the forests that grow at these high elevations are so critical: their influence in climate moderation, their role 

in environmental stability, and their contribution to local economies and national development. 

 

Because of their altitude and extent, African mountain forests play a vital role in climate change and 

regional climate, sequestering carbon, and providing a unique contribution to regulating local and regional 

climate. The orographic cloud water and fog associated with mountains is reduced when forests are 

removed. This dries the land, reduces water supply and increases dry-season, mist-free days (Bruijnzeel et 

al, 2011; Price et al, 2011). 

 

Mountain forests and woodlands are critical to 

water regulation. Their protective vegetation and 

soils absorb water and release it slowly to lower 

elevations. They slow the flow of water overland, 

reducing soil erosion and the probability of 

disasters from catastrophic landslides (Bruijnzeel 

et al, 2011; Price et al, 2011). They are refuges of 

biological diversity themselves and because they 

occupy the upper elevations of often densely 

populated water catchments, they are key to 

protecting the ecosystems, soils, and water 

systems at lower elevations (Chazdon, 2008; 

Birdlife International, 2012).  

 

Jones (2015) reviewed some of the economic 

and development forces driving the need for 

conservation and restoration of African 

mountain forests. The products they yield 

provide essential resources for local livelihoods and contribute to national economies (Chazdon, 2008; 

Birdlife International, 2012). African mountain tree and shrub species have many uses, including fuelwood, 

charcoal, timber, and non-timber forest products such as animal fodder and medicines, serving as a valuable 

source of livelihood security for communities locally and in the lowlands below. 

 

Forest loss has greatly increased both the rate and extent of soil 
erosion. As water flows down hill it creates the surface erosion and 
gully erosion seen here, cutting gullies further and further back, 
washing away the soil until only rock remains. Rora Habab, 1984. 
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The evidence is that without these mountain forests: 

 

1. Soils erode at catastrophic rates, 

2. Water is not stored but runs away down the hillside causing further damage, 

3. Agriculture declines, 

4. Livelihoods are lost,  

5. Local precipitation declines and regional climates change, and 

6. Entire ecosystems collapse. 

 

In effect, without trees on African mountain tops there would be no tea or coffee below, fewer primates, 

elephants and other wildlife, ruined agriculture, impoverished livelihoods and altered climate. 

 

Eritrea has been one of the countries hardest hit by the loss of its mountain forests. All six consequences of 

the list above have been documented by government statistics and independent research since the mid-

1980s. Remarkably, and possibly uniquely in Africa, recent efforts may have resulted in this trend being 

halted and in a few unlikely places, even being reversed. 

 

 

THE JUNIPER-OLIVE WOODLANDS OF ERITREA and RESEARCH SITE DESCRIPTION 
 

There exist a variety of afromontane forest types. Juniper-olive woodlands used to be among the most 

common but today afromontane juniper-olive woodlands are one of the world's most threatened 

ecosystems. Historically their range extended from plateaux in northern Eritrea, across northern Somalia, 

East Africa and Southern Africa almost as far as the 

Orange River (Hall 1984). Today few remnants 

remain, and most of these are heavily degraded. 

 

The Rora Habab plateau in the north of Eritrea 

contains the most northerly remnant of juniper-olive 

woodlands in Africa. Between the 1920s and the late 

1980s, the woodlands on Rora Habab were 

disappearing at an alarming rate due to clearance for 

agriculture, periodic droughts, and cutting for wood 

and dry-season fodder (Jones 1991a). Although they 

remain vulnerable, Rora Habab’s remaining 

woodlands were in the end saved by three 

interventions; an Integrated Rural Development 

Programme started in the mid-1980s during 

Eritrea’s independence war, by the ending of that 

war in 1991, and through MoA and wider Eritrean government efforts to support the area and sustain local 

people’s livelihoods. Halting deforestation and stabilising rapidly eroding soils on parts of Rora is a major 

success story in reversing habitat loss and conserving woodlands that were on the verge of extinction. 

 

In 1991 only a handful of native juniper-olive woodlands remained across Eritrea. All had been heavily 

managed, modified for centuries, and remained subject to grazing and cutting pressures almost 

everywhere, except for protected sites such as churchyards and holy places (Jones, 1991a). A restoration 

strategy was designed to respond to this crisis by creating flexible land use opportunities for families, 

communities and the MoA, through the permanent restoration of barren or degraded land. The goal was to 

design sustainable systems that ensured local wood supply (e.g. from much valued eucalyptus) while 

enabling native forests to recover under co-management by local communities with minimal MoA support.  

The most northerly remnants of juniper-olive woodland are in 
northern Eritrea. Bacla, Rora Habab, 2013. © Samuel Mesghina 
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Deforestation in Eritrea has many causes, including (clockwise from top left): 
1. Removal of forests and woodlands to meet people’s needs for agriculture (Adi Caeih, 1991). 2. Unrestricted grazing where animals 
quickly see and eat any regenerating seedlings or fresh leaves (Bacla, 1984). 3. Colonial logging – the remains of an Italian sawmill 
in Bacla, Rora Habab (1986). 4. Unsustainable demands by urban areas for timber and woodfuel (Emba Drho to Asmara road, 1991). 
5. Local people’s limited options for energy and needs for woodfuel (Weki to Serejeka road, 1992). 6. In times of drought, and at the 
end of the dry season, people cut nutritious leaves to prevent livestock dying. Here, cutting olive tree branches ends with skeleton-
like trees that eventually die themselves (Berige, Rora Habab, 1984). 



 

7 

 

Ministry staff suggested several communities that 

might support a long-term experimental approach to 

the work. The Village Assembly of Zagir welcomed 

the project, provided that the village as a whole 

approved and that two neighbouring villages of 

Deqseb and Weki were involved. All three villages 

were in the district of Karneishem (now called Sub-

zoba Serejeka), ±2,400m elevation, about 50km north 

of the capital, Asmara. After a series of meetings with 

village authorities, the author joined the staff of the 

MoA on secondment from university and moved to 

live part time in Zagir. He attended the local school 

and worked in the tree nursery, relying heavily on 

the guidance of MoA staff and community elders for 

technical, legal and local support. Throughout the six 

months of his initial residence the author met with children and elderly people as well as the elected village 

representatives before the project was agreed by the villages – a process that continued after the project 

started. 

 

After six months of discussions, the author, MoA 

staff and village elders discussed the ideas in detail 

in a public meeting with several hundred women, 

men and children from all three villages. People 

were told that the experiments would tie up some 

of their land for 20 years, and might not provide 

direct benefits for 10-15 years. They agreed to 

provide land and labour, and we started a 9-month 

planning process in 1992. Almost 250,000 seedlings 

were grown in six nurseries, using olive and juniper 

seed from highland locations (2,100-2,500m) across 

Eritrea. 

 

In Karneishem, most families grew what they could 

on skeletal soils that barely supported people’s 

needs for food and fuel. Soil and water conservation 

were priorities for extension and funding. Land 

restoration using native trees had to be considered 

in villages where food and fuelwood were already 

competing for land. The restoration described here 

was attempted on areas that were abandoned or 

almost bare. 

 

Site assessment took place in 1991-3, at which time 

only four olives, three Rhus abyssinica (also called 

Amus, Shamot, Qemo, R. glutinosa) and a dozen or 

so junipers were found outside of churchyards and 

holy places, across all of the highland Karneishem 

areas the researcher visited. Restoration 

approaches therefore relied on assessments of other sites on the Rora Habab plateau. 

The skeleton remains of olive trees – recorded as closed 
canopy cloud forest in 1920 (Laba, Rora Habab 1988) 

Project approval meeting, Village Assembly, Zagir 1992 

Restoration trials focussed on rocky, heavily degraded land that 
was abandoned or used only for grazing (Deqseb, 2014) 
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The author had visited Rora plateau annually, sometimes twice a year, between 1983 and 1994, living there 

between a few weeks and three months at a time, and working alongside the then Agricultural Commission 

and staff of the Rora Habab Integrated Rural Development Project. Oral histories about land use, 

woodlands, agriculture, and everyday life on Rora since the early 20th century were obtained from 

residents. Detailed vegetation and soil surveys were undertaken. Several cemeteries and one relict, densely 

wooded location also were surveyed. The researcher completed his BSc thesis (based mainly on the Abhaklu 

watershed in Bacla), and his PhD dissertation from his work across the plateau, focussing principally on 

Bacla, Beridge, Endlal, Shamotet and Laba, with smaller surveys in Rora Zagir and Rora Kayeh. 

   

Climate data from Rora Habab and Karneishem were almost identical. Both are plateaux of gently 

undulating hills up to 2,650m elevation. Annual rainfall of 200 to 500 mm is highly variable inter-annually, 

with almost 80% falling in July and August. There is a dry season from mid October to March and short rains 

around April and May. The higher elevations and slopes of both plateaux are sometimes covered with 

orographic cloud, especially between December and March. Mean annual temperatures are 18°C, with 

mean monthly temperatures ranging from 13°C (November to January) to 24°C (May to July). Temperatures 

rarely exceed 30°C. Pre-dawn temperatures in January are often 1°C to 3°C and mild frosts occur rarely. 

Potential evapotranspiration exceeds precipitation in all months except July and August (Jones 1991a). 

 

Both plateaux are composed of acid to intermediate volcanic rocks weathering mainly to near neutral pH, 

shallow, weakly developed, truncated, mainly grey, brown, yellow-brown and some reddish soils. On Rora, 

Ustorthents, Ustropepts, and Haplustalfs dominate, with very small areas of Ustifluvents near ephemeral 

streams and Haplustolls in uneroded areas. Soils are severely eroded almost everywhere, with B, BC and R 

horizons exposed. Boulders between 0.25m and 1m diameter occupy 50-100% of the soil surface on 

uncultivated slopes and ridges. Cobbles between 0.1m and 0.25m occupy 25-50% of the soil surface even in 

ploughed fields (Jones 1991a). 

 

Before restoration, considerable effort was made to determine site history. The history of both areas is 

poorly known but a brief review for Rora suggests that the loss of woodlands there is comparatively recent. 

Oral testimony suggests the same for Karneishem. However, the histories differ in many ways and 

Karneishem had higher population densities and longer periods of settled agriculture than Rora, much of 

which was reportedly densely forested in 1900 (Naldini, 1916; see also Sapeto, 1857). 

 

Shrub cover in Rora was dominated by Dodonaea viscosa (also known as Tahses, Itacha, D viscosa subsp. 

angustifolia) and young, cut junipers.  Other species present as shrubs were Acacia origena (Ch’aA!), Carissa 

edulis (Agam), Maytenus arbutifolia (Ergitteh, Argudi, Atat, M. senegalensis), Nuxia congesta (Atcharo), 

olive, Rhus abyssinica, and Tarchonanthus camphoratus (Camphor bush, Sagewood, T. abyssincus). Cover of 

herbs and grasses ranged from 4% to 64%, averaging about 20%. 

 

Rora’s woodlands and forests decreased dramatically in area, density and diversity since about 1910. By the 

mid-1990s, the wild animal species recorded there up to 30 or 40 years ago could no longer be found, 

except for rabbits, although a survey is needed to bring our knowledge of this situation up to date. 

Karneishem was most similar to Laba (see photo top of page 7) and other areas of southern Rora. Trees and 

many shrubs were virtually absent, areas of surviving woodland were patchy and occurred around churches 

and holy places (where cutting and grazing are prohibited) and in places that were uncultivable because of 

steep slopes or shallow soils. 

 

Land use was based on private, family land tenure. About 20-35% of the land was used for wheat and barley 

production. Crops sown between June and July (May if early rains were adequate) were harvested after 90 

to 120 days. Crop residues were grazed or ploughed into the soil by January. 
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Mechanisation and irrigation were not available. 

The Habab people cut leafy olive branches to feed 

their animals, while Karneishem's residents 

travelled to escarpments nearby to cut olive 

branches for this purpose and for toothbrushes. 

Tree seedlings and shrubs were browsed by 

livestock. Grazing was ubiquitous except when 

crops were growing. 

 

All tree and several shrub species were cut for 

fuelwood and/or house construction. Wood was 

exported from Rora by licensed tree cutters, but 

charcoal was not made. On marriage, a man used to 

be able to take a number of juniper and olive trees, 

locally estimated to be about 30, to build a house. 

However Village Councils have restricted wood 

cutting and older houses are being renovated. In 

Karneishem, there are now more corrugated zinc roofs for new or refurbished buildings rather than earth 

and wood ones on the traditional family homes called hdmo. There was no known tradition of tree planting 

on Rora until the mid 1980's, or in Karneishem until Italian colonisation. However, trees were deliberately 

preserved in cemeteries in both places, and by some of Rora’s farmers on land near to their farms (Jones 

1991a). 

 

RESEARCH DESIGN 
 

In 1992, using seed collected from Rora Habab and elsewhere in highland Eritrea, juniper, olive and 

eucalyptus plants were grown in dedicated plots in six nurseries throughout the country. In June-August 

1993, a series of permanent plots was established in Zagir, Weki and Deqseb and approaches were agreed 

to establish and protect eight experiments. Several thousand seedlings were drought-hardened and planted 

out on exposed sites where just rock and regolith remained, where prospects for agriculture were non-

existent, and all hope for restoration had been abandoned. The experiments included: 

 

- Planting individual native trees in an 

agroforestry setting with one-year old olive 

trees as border plants around fields, 

- Addressing seedling survival during 

exposure to heat and drought, and 

- Examining survival and growth of native 

olive and juniper in rock crevices, or on rock 

fractured with a crowbar, filled with a few 

centimetres of different soil/manure/ash 

combinations. 

 

The core experiment consisted of single species and 

mixed plantings using three species, two native and 

one exotic. The design was agreed with village 

elders, expert farmers and MoA staff. It enabled 

survival and growth characteristics of the trees to 

be examined in the following seven combinations, where species were competing with each other for 

water, light and nutrients: 

Bacla, Rora Habab in 1984. Note heavily cut olive trees. 
Thanks to government and local efforts, these remnant forests 
have survived when in the 1980s they were on the verge of 
complete extinction. Ecological restoration is now a possibility. 

Tree nursery, Zagir in 2015. After successful 1990s trials which 
increased germination from <5% to >80%, nurseries now grow 
more native tree species, including the olives seen here. 
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J only,  O only,  E only,  J+O,  J+E,  O+E,  and  J+O+E (see Appendix One), where: 

 

• J = Juniperus excelsa (also known as Tsehedi, Ted, Nardet, East African Pencil Cedar, also and  J. 

procera) 

• O = Olea cuspidata (also known as Auwleah, Weiyra, Wegre, African Wild Olive, O. africana; O. 

europaea subsp. africana; O. europaea subsp. cuspidata) , and 

• E = Eucalyptus cladocalyx (also known as Kalamitos): 

 

Experiments took account of the different uses 

people had for native and non-native trees, the 

biological aspects of each species such as 

different growth rates, and their potential for 

coppicing and vegetative propagation. After 

many discussions with them and reference to 

Rora Habab data, village experts agreed the 

final species selection. This was based on ideas 

about shade, soil erosion control, diversity of 

uses, good quality construction timber, longer 

burning times, better smelling fuelwood, higher 

quality charcoal, termite resistance, superior 

agricultural tools (axe handles, ploughs etc.) 

and the ‘loveliness’ of the trees. 

Each combination was replicated in each of the 

three villages using a randomised block 

experimental design. The project was handed 

over to MoA staff and village authorities in 1995. 

 

Gender and age were important aspects of 

project design in three ways. First, roles, 

rights and responsibilities vis-à-vis natural 

resources differ in important ways among 

women and men, boys and girls. Therefore 

project design, permissions, knowledge-

sharing and training ensured that: 

 

- Women and men were consulted 

separately as well as together; 

formally within households and in 

village assemblies, and informally in 

day to day activities, 

- Young people, men and women 

were included in the training on 

research design, planting and field 

work,  

- Women as well as men were involved in, and paid for nursery and planting work, and 

- A female trainer was fully involved in project design and implementation. 

 

Juniper sub-plot showing tree growth and increased grass after 21 
years. Agriculture and unrestored land beyond. Deqseb, 2014. 

Ministry project training built on local knowledge and ideas. Zagir, 1992 
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Second, future decisions would likely involve questions about benefit distribution, including services (e.g. 

erosion control, shade), and products (e.g. agricultural tools, housing, fodder, fencing, toothbrushes, 

ornaments, household implements, handles). These issues were discussed and comparisons made between 

the gendered aspects of decision-making in Rora and Karneishem. 

 

Third, gender and development were very much 

part of post-independence government thinking 

in Eritrea. Gendered aspects of community 

livelihoods, natural resource use, and 

environmental restoration were discussed with 

the community and government representatives. 

 

 

RESULTS 

 

The sites have had varying degrees of protection 

since 1995. One site in Zagir had almost 

complete protection from grazing animals. Other 

sites were subject to grazing and cutting 

pressure (mainly for toothbrushes), especially 

of olive. No fire or serious insect infestations 

occurred during the 21 years after planting, 

although 8 juniper trees and four olive trees 

were broken or cut for fuelwood in recent years.  Some farmers have protected olive trees on two of the 

three sites while junipers have been protected by some farmers on all three sites. Other farmers have 

planted eucalyptus trees alongside olives or junipers and allowed animals to graze the olives freely. Trees 

were counted across all sites and survival rates were 80-90%. In eight larger trees, bird nests were found; 

one still had eggs. Several olive trees had flowers or fruits.  

 

From our observations, key findings are: 

 

Karneishem (Sub-zoba Serejeka) 
 

1. It is possible to reforest heavily degraded 

lands using native olive and juniper. 

Survival of olive and juniper plants after 21 

years was 80-90%. Where protected from 

grazing or snapping of branches for 

toothbrushes, it is possible to achieve 

growth rates of 25cm per year for olive, 

maybe more, and 40cm per year for 

juniper. Data on seedling growth for the 

first three years and detailed tree growth 

data are still being analysed. 

 

2. Olive and juniper seedlings survived even 

in rock crevices, where small amounts of 

manure/ash (known locally as deqwi/ 

Tree survival was >85% with good growth. Even though no fencing 
was used and several plots were by roads there was almost no night 
cutting or damage by passing people. Opportunistic snapping of olive 
branches for toothbrushes, however, was a serious problem, resulting 
in many stunted olives with slower growth rates. Zagir, 2015. 

Clear options for land restoration across small spatial scales. To the 
left, at the head of this micro-catchment water flow is greater and the 
chances for water retention are higher. Terraces restored by farmers 
have enabled crop success. In the middle distance and foreground, 
land has been left unrestored. To the right are two experimental 
subplots after 21 years, showing the potential for reforestation and 
ecological restoration. Deqseb, 2014. 
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hamaqueshtay) had been added to local soil and placed in rock fractures for planting. 

 

3. Eucalyptus was already on its second rotation, having been harvested by local people from all the plots 

and sub plots. 

 

4. All three species can seemingly co-exist without eucalyptus affecting the development or growth of 

neighbouring plants. Further soil and plant analyses would give a more complete picture. 

 

5. Grasses and herbs have successfully colonised the land under the trees, compared to adjacent untreated, 

grazed hills. Agroforestry options and other opportunities have been created. Bird life and biodiversity in 

general has been enhanced. 

 

6. Biodiversity increased in all sites. In Zagir and much of Weki, 

several herb species were in flower and seed. A litter layer and 

decomposition were observed in several microsites, also most 

notably in Zagir and Weki. Eight bird nests were found; one in Zagir 

had two eggs. 

 

7. Tree crowns were overlapping in one site at Zagir, with lower 

temperatures and more biodiversity under the canopy that the 

trees created. This site was home to several bird species and 

birdsong could be heard in the trees. Interestingly, this was the 

most challenging of all the sites we worked with back in 1993-5. 

We would have been pleased if even 10% of the trees survived and 

grew one metre in 20 years. As it is, a small refugium has 

developed to show what can be achieved within just 21 years. In 

this site, three olives were in flower and one had seed. 

 

8. In a few exceptional sub-sites, such as a soil-rich gentle slope in 

Zagir, a deeper soil in Weki, and the deep soil at the base of a hill 

in Deqseb, trees have grown faster and matured more 

quickly than on the generally skeletal soils or rocky areas 

throughout the area. For example, several olives in Zagir 

exceed 4 metres and are producing fruit. In Weki several 

junipers have also reached 4 metres, while in Deqseb, a 

few junipers have reached 5 metres or more. 

 

9. The two key reasons for limited olive growth were 

opportunistic snapping of branches for toothbrushes, and 

grazing. Even on the most skeletal soils, most trees 

survived. Where they died, olives were mainly replaced 

with Dodonea viscosa (also called Tahsas, or D. 

angustifolia) in Zagir, or eucalyptus elsewhere. 

 

10.  Many local people were pleased with the results. For 

some people, the work has been emotionally and 

spiritually uplifting, bringing a real sense of achievement and possibility. Some landowners had invested 

in the juniper and olive trees as much as the eucalyptus, pruning and weeding around the trees; they 

were pleased to see us taking as much interest in the plants as they did themselves. 

Several birds’ nests, one with eggs, were 
found in the 21 year old trees. Three olive 
trees were in flower and one had seed. 

Measuring diameter and height of juniper trees at one 
subplot at the foot of a small hill, where better soil 
conditions and more water enabled faster growth. 
Several were >5m after 21 years. Deqseb, 2014. 
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ADDITIONAL ‘CONTROL’ RESULTS FROM AN EXPERIMENTAL TREE NURSERY SITE 

 

In 1992-4 many thousand olive and juniper seedlings used in Karneishem were grown at Beit Giorgis, 

Asmara’s main MoA tree nursery. Two experiments were carried out there in order to compare survival and 

growth rates in Karneishem, with growth rates in conditions that were as close to ideal as we could manage. 

In one of these experiments, over 100 high quality seedlings were selected by assessing their form, growth 

rate, and root-shoot ratios. These were re-potted separately and eventually planted in deep, well-watered 

soil along the south side of Beit Giorgis nursery in 1993.  

 

The heights of trees were measured in 2014 and are summarised below: 

 

Measure (metre) 

 

Zone 1 Zone 2 Zone 3 Totals 

N 

 

54 31 12 97 

Mean height 4.07 3.58 1.73 3.62 

Median height 4.16 3.80 1.47 3.85 

Sx 1.08 1.37 1.07 1.39 

Min height 1.38 0.40 0.74 0.40 

Max height 6.30 5.78 4.50 6.30 

     

 

The diameter at 1.3 metres height (dbh) of 43 of the bigger olives was measured (centimetres): 

 

N= 43; Mean = 5.41; Median = 4.93; Sx = 1.49; minimum = 2.13; maximum = 8.53. 

 

In summary, where there is no grazing or cutting pressure 

and the soil conditions are good, as in Zone 1 in the table 

above, olives trees averaged over 4m in height, with several 

above 6m after 21 years. There are sites across Eritrea 

where these growth rates could almost certainly be 

achieved if the olives were protected from cutting or 

grazing when young. This site has now become a 

demonstration area used by the MoA as a long-term trial. 

 

The height and quality of the olive trees in Beit Giorgis is 

similar to some of the olives in Zagir that have had no 

cutting or grazing pressure. Senior villagers in Karneishem 

know about these and the similar findings for junipers on 

good quality sub-sites. They discussed in detail with the 

evaluation team how this relatively rapid growth – much 

faster than they expected - has been a motivation to grow 

more native trees and to protect them from grazing and 

cutting. 

 

 

  

Measuring olive trees in a trial at Beit Giorgis 
nursery, Asmara, 2014. 
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RECOMMENDATIONS AND ACTIONS 

 

The MoA has demonstrated strong leadership within Eritrea and a commitment to finding sustainable 

solutions to African mountain forest restoration in partnership with other African countries. The key 

recommendation that came from a post-evaluation ministerial meeting was to develop a high quality 

publicity campaign - a ‘chain of stories’ that highlight the positive achievements so far and ensures that 

momentum is maintained regarding stabilising and restoring Eritrea’s vulnerable mountain forests and 

woodlands. Also agreed in Eritrea during follow-up meetings with village authorities and MoA officials were 

the following recommendations:   

 

1. Undertake publicity and awareness-raising in Eritrea to highlight community and government 

commitment to these woodlands, the positive achievements in stabilising Rora Habab (a national 

and international treasure), the restoration experiments in Sub-zoba Serejeka (Karneishem), and the 

achievements of some villagers in protecting and nurturing native tree species. This could involve an 

Asmara-based conference, including local leaders, administrations, youth, women and other key 

individuals from Rora Habab, Karneishem, and other places.  

 

2. Agree MoA operational decisions to 
protect existing sites and other areas. 

This could include conservation of 

existing ‘islands of biodiversity,’ 

helping people protect key trees and 

areas from toothbrush harvesting and 

grazing, and respecting biodiversity by 

not killing insects, plants or other 

things in small protected areas or trial 

sites. 

 

3. Undertake further evaluation, 

including a deeper participatory 

evaluation process, planned and 

agreed by the MoA to ensure that it 

is relevant, robust and scientifically 

sound. This should also include the 

other experiments that were planted 

at lower elevations (e.g. Sabur, 1,400m in Semeinawi Bahri) 

 

4. Repeat the experiments in Sub-zoba Serejeka / Karneishem, the highland plateau of Rora Habab, 

the southern areas around Adi Keyeh, and other sites as resources allow. 

 

5. Seek engagement with partners for an international conference involving Tanzania, Kenya and 

Ethiopian colleagues working on afromontane woodlands (potentially Malawi, Zaire, Uganda), to 

raise awareness and explore further potential for regional collaboration. 

 

6. Produce a documentary, building on the pilot documentary produced during the evaluation in 

August 2014, to include more Eritrean voices (at least in Tigre and Tigrinya), more women, more 

youth and children.  

 

Village Assembly members, Deqseb, 2015. Local people now wish 
to extend the project across more villages in the area. But finding 
even small sums of money for guards and planting is proving a 
major challenge for them. 
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7. Coordinate efforts for National Greening Days - a major ‘push’ on native olive-juniper woodland 

restoration. 

 

8. Translate the key aspects of this evaluation into Tigrinya for dissemination to the village 

administrations in Sub-zoba Serejeka (Karneishem) and relevant authorities elsewhere in Eritrea. 

 

In addition, three international actions are needed to conserve and restore endangered African mountain 

forests. 

 

1. Build creative partnerships for (a) protection of existing mountain forests and threatened woodlands, 

and (b) restoration of degraded or vulnerable lands. 
 

2. Increase international recognition and secure 
funding for next steps. Further publicity needs to 

be undertaken to galvanise the international 

community to action, by considering the 

- Consequences of losing African 

Mountain Forests, and 

- Opportunities for food security, 

livelihoods, climate change, 

biodiversity and sustainable land 

use by conserving and restoring 

them. 

 

3. Take advantage of international interest in 
scaling up, by developing strong proposals for 
practical, cross-national restoration and 
conservation initiatives. At a DCG-hosted 

international conference in Oslo, November 2014, a number of senior African and Norwegian experts on 

African Highland Forests presented papers on the status of and opportunities for these forests. All 

conference delegates gave positive feedback on the 

work, and are enthusiastic to extend it and build 

concrete collaborations. 

 

 

DISCUSSION 

 

Climate change agendas have now been added to 

the poverty alleviation and livelihoods issues that 

drove the experiments 20+ years ago. The work has 

informed all three issues by demonstrating the 

possibility to successfully restore barren or heavily 

degraded land in harsh, dry conditions. The trials 

are now mature and being safely conserved in the 

custody of local people. A number of options are 

now open to discussion, based upon local people’s 

views, the data and observations available, and the 

positive achievements of the MoA in reversing deforestation of native woodlands. 

 

Local team measuring trees. The data gathered in this way formed 
part of local discussions during breaks, and with groups of people 
over coffee, during meals, in fields and at the roadside. Zagir 2014.   

Talking with local children about where their wood comes from 
and how they grow trees around their school. Zagir, 2015. 
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Two specific options were discussed in developing the experimental design 21 years ago (Jones, 1996): 

 

a. Wood cutting and cottage industry: Harvesting for woodfuel, alongside cottage industries 

based on the native species, and 

b. Restoration and conservation: Harvesting eucalyptus completely, and leaving native species 

to grow to maturity, with full or partial restoration of native woodland. 

 

Option One  Wood cutting and cottage industry 

As the eucalyptus mature to harvestable size, 

they can continue to be cut to coppice at 20cm 

or so, providing timber or fuelwood and 

reducing competition on juniper and/or olive. 

Depending on the size they have reached the 

native species could then be thinned, or left to 

grow until they could be partially cut to 

provide wood for various locally made 

manufactures and for the many other uses 

they have; toothbrushes, roofing, agricultural 

tools, sticks etc. (Jones 1991a). 

 

It is clearly important to develop a 

management plan in collaboration with local 

people. This will include some of the questions 

that local people raised during the evaluation, 

including: 

 

- Which trees might be used now and over coming decades? 

- Might it be more desirable for the plots to be managed as a continuous experiment, with wood, 

fodder leaves or toothbrush twigs harvested as the plants grow? 

- Which agroforestry options might be possible 

to maximise income potential from the same 

land. How feasible might it be to include light 

grazing, or growing annual crops under the 

trees once they are big enough? 

 

Option Two Restoration and conservation option 

 

Assuming some thinning of native trees, and a 

complete harvest and eventual grubbing out of 

eucalyptus and any other exotics that have self-

seeded (e.g. Prickly Pear cactus), several conservation 

options become possible. If conservation is thought of 

as preserving native tree species and other plants 

only, these could be managed in similar ways to 

option (1) above – retaining a managed woodland 

but with native species only. It may be that the trees 

could provide an economic return for local 

Harvesting eucalyptus sustainably every 8-12 years while native olive 
and juniper grow to maturity. Weki, 2015. 

In one area, olive trees now form an attractive border 
around regenerating forest. One option would be to harvest 
eucalyptus completely and have a small local nature reserve 
for education and enjoyment. Zagir, 2015. 
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individuals or the community by selectively pruning limbs or tops to provide wood. Similarly, branches could 

be removed to provide fodder, when grazing is in short supply (e.g. during drought), provided that this was 

done sustainably. 

 

However, it might also be possible to think of a broader approach to restoration/conservation, where the 

flora and fauna associated with the original afromontane juniper/olive woodlands were conserved along 

with olive and juniper trees. In this scenario, other native herbs, shrubs and grasses could be deliberately 

introduced as seeds or as young plants. A series of trials could range from simply leaving the juniper and 

olives to ‘get on with it’ with no other input, to importing soil inoculum, complete with seeds and 

microorganisms, under the olive/juniper cover. 

 

Additional Possibilities for Peri-urban Areas 

 

Lastly, and moving beyond the countryside to semi-urban or peri-urban situations, some of the barren, 

degraded lands around cities – even the capital, could be planted and protected to create recreation and 

nature reserves for residents and guests. This would fit with current plans to revitalise and refresh some of 

the areas within and around Eritrea’s cities.  

 

 

 

  

This small rocky outcrop close to Zagir’s tree 
nursery was completely bare in 1993 when it was 
planted with 110 olive and juniper seedlings. When 
this photo was taken in 2014, local people said they 
don’t allow any grazing or other activity there now. 
They said it is like a holy site, where birds sing, the 
air is cool and the wind sounds in the trees. 
 
Villagers have renewed the wall to mark the area 
out as special. They are going to remove prickly 
pear cactus and other exotic species and keep the 
site as a special place where only native Eritrean 
plants grow. 

Ownership of the trees rests with local people. Some 
people have elected to harvest only eucalyptus. Others 
are deliberately prioritising the slower growing olive and 
juniper trees while allowing their animals to graze under 
them, now that they are tall enough. 
 
This farmer in Weki has heavily pruned the junipers on 
his land and is protecting them and his olive trees. 
 
A participatory approach to management planning would 
best ensure that the various different wishes and needs 
of local people can be met, and various options for 
livelihoods and conservation can be discussed and 
agreed. 
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Appendix One 

 

Schematic representation of a restoration trial involving three species, Olea cuspidate (olive), Juniperus 
excelsa (juniper) and Eucalyptus cladocalyx established in each of three villages in Sub-zoba Serejeka 

(Karneishem District), Eritrea, between 19 and 31 July 1993, using a randomised block design. 

 

The purpose of the trial was to examine changes in ground cover and the survival and growth of each 

species under conditions of inter-specific and intra-specific competition.   The following seven combinations 

of species were planted (O = olive, J = juniper, E = eucalyptus); J only, O only, E only, J+O, J+E, O+E, and 

J+O+E.  For each of the seven combinations, at least 32 plants were planted around sub-plot borders to 

allow for a 50% thinning after five or ten years, and because each of the combinations bordered on another 

combination when planted.  Therefore, a border of the same type was needed to avoid interference from 

the adjacent combination. 

 

KEY: (O = olive, J = juniper, E = eucalyptus).  Each combination was replicated three times in each of the 

three villages.  Average spacing between plants was 2.0 metres but on uneven, hilly ground this could not 

always be achieved. 

_________________________ 

 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

J   J   J   J   J   J   J   J  O   O   O   O   O   O   O   O  E   E   E   E   E   E   E   E 

 

J   O   J   O   J   O   J   O   J   O J   E   J   E   J   E   J   E   J   E            O   E   O   E   O   E   O   E   O   E  

O   J   O   J   O   J   O   J   O   J   E   J   E   J   E   J   E   J   E   J            E   O   E   O   E   O   E   O   E   O 

J   O   J   O   J   O   J   O   J   O J   E   J   E   J   E   J   E   J   E            O   E   O   E   O   E   O   E   O   E  

O   J   O   J   O   J   O   J   O   J    E   J   E   J   E   J   E   J   E   J            E   O   E   O   E   O   E   O   E   O 

J   O   J   O   J   O   J   O   J   O J   E   J   E   J   E   J   E   J   E            O   E   O   E   O   E   O   E   O   E  

O   J   O   J   O   J   O   J   O   J    E   J   E   J   E   J   E   J   E   J            E   O   E   O   E   O   E   O   E   O 

J   O   J   O   J   O   J   O   J   O J   E   J   E   J   E   J   E   J   E            O   E   O   E   O   E   O   E   O   E  

O   J   O   J   O   J   O   J   O   J    E   J   E   J   E   J   E   J   E   J            E   O   E   O   E   O   E   O   E   O 

J   O   J   O   J   O   J   O   J   O J   E   J   E   J   E   J   E   J   E            O   E   O   E   O   E   O   E   O   E  

O   J   O   J   O   J   O   J   O   J    E   J   E   J   E   J   E   J   E   J            E   O   E   O   E   O   E   O   E   O 

 

 

J   O   E   J   O   E    J   O   E   J   O   E 

O   E   J   O   E   J   O   E   J   O   E   J 

E   J   O   E   J   O    E   J   O   E   J   O 

J   O   E   J   O   E    J   O   E   J   O   E 

O   E   J   O   E   J   O   E   J   O   E   J 

E   J   O   E   J   O    E   J   O   E   J   O 

J   O   E   J   O   E    J   O   E   J   O   E 

O   E   J   O   E   J   O   E   J   O   E   J 

E   J   O   E   J   O    E   J   O   E   J   O 

J   O   E   J   O   E    J   O   E   J   O   E 

O   E   J   O   E   J   O   E   J   O   E   J 

E   J   O   E   J   O    E   J   O   E   J    


