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Abstract 
In the rugged highlands of Tigray in Northern-Ethiopia, water tables are sinking to 
greater depths at an alarming rate.  Over the past decades, serious environmental 
degradation among others caused by deforestation and subsequent soil erosion has 
led to periodic droughts and resulting crop failure even under normal rainfall 
conditions.  Among other measures preventing further soil erosion and drainage of 
the water table, forest rehabilitation strategies are being developed to bring the 
desertification of the region to an end.  Until now, one of the most effective ways to 
allow the regeneration of vegetation and consequently the prevention of more soil 
erosion was found to be the exclusion of grazing livestock from selected areas.  
Vegetation cover and litter in these exclosures promote rainwater infiltration and thus 
contribute to the raising of the water table in the long term.  Although intermediate 
results show the benefits (and the limits) of eucalypt plantations in the closed areas, 
they might become a threat to the biodiversity and the water balance of the region.  A 
joint research project between the Katholieke Universiteit Leuven (Belgium) and 
Mekelle University (Ethiopia) aims at the development of natural regeneration 
strategies and sustainable management practices in these closed areas. 
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1.  Introduction 
Ethiopia is regularly affected by serious droughts.  In the lowlands of the rift valley, 

these dry periods are often related to dry weather spells.  But in the highlands of 

Tigray in Northern-Ethiopia, a clear long-term tendency towards increasingly dry 

weather conditions cannot be distinguished.  Usually, the region suffers from water 

deficiency from December to June.  A water surplus is only received in the rainy 

season during the months August, September and October (Feoli, 1994).  But even 

during the several dry weather spells since 1960, the annual precipitation hardly fell 

below normal.  However, there are many indications that, even under normal rainfall, 

streams once perennial have become intermittent, streams still perennial have a 

reduced dry season flow and that springs, wells and water holes are drying out 

(Hunting, 1974).  Soils are in a state of drought for most of the year (Hunting, 1976).  

It was observed that the phreatic surface in the region of Hagere Selam (Dega 

Tembien, Tigray) started to lower steadily since the middle of the twentieth century.  

This tendency continues even today as a result of gully incision, leading to drainage 

of the water table (Hunting, 1976; Nyssen et al., 2000).  The region is slowly drying 

up and the cause is not fully understood.  Nevertheless, counteractive measures are 

being developed and among others, forest rehabilitation could play a key role in 

halting the desiccation of Tigray. 

 

2.  Forest degradation and reforestation efforts 
2.1.  Forest degradation 

Despite the rather low and generally badly distributed rainfall, much of the Tigray 

plateau was once a naturally forested terrain of evergreen tree species, with belts of 

mixed deciduous and Acacia savannah woodland.  Impoverishment of the ever 

increasing highland population and their search for subsistence income has led to 

massive deforestation (Chadhokar & Solomon Abate, 1988; Nyssen, 1997).  Today, 

Tigray has lost virtually all of its forests, much of its wildlife (apart from birds) and a 

great part of its soil and permanent stream flow.  Total forest cover in Ethiopia was 

estimated less than 4 % in 1988 compared to an alleged 40 % at the end of the 

nineteenth century (N.N., 1986).  Hunting (1974) reports that the few surviving forest 

fragments are found primarily on church lands, mountain summits and steep 

escarpments.  For instance, dry evergreen forest dominated by Podocarpus gracilior 

and Juniperus procera partially subsists on the western and eastern escarpments, 

towards the Simien Mountains and the Rift margin, respectively.  However, survival 

of trees does not necessarily imply conservation of the original forest ecosystem 
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because the remnants have often been overexploited by systematic fuel wood 

extraction, logging of valuable timber (e.g. Juniperus procera and Olea europaea), 

illegal grazing and unintentional fire (Hunting, 1974).  Species that once were present 

in the lower strata of the dry evergreen forest nowadays dominate scattered areas 

with semi-natural vegetation, the montane evergreen thicket and scrub and the 

montane (grass) savannah (Amare Getahun, 1978 & Pichi-Sermolli, 1957).  As a 

result of this massive environmental degradation, the inhabitants now live under 

conditions that are much harsher than before and are more vulnerable to periodic 

drought and crop failure (Hunting, 1974). 

 

2.2.  Recent reforestation efforts 

Pilot reforestation schemes were established since 1970 in the vicinity of the larger 

settlements.  They usually involved terracing of the slopes and planting of seedlings 

grown in nurseries.  The two species most frequently planted were Eucalyptus 

camaldulensis and E. globulus because of their rapid growth and straight trunks, 

often used as timber.  Acacia saligna and A. cyanophylla, two other introduced 

species, are still used for reforestation purposes on shallow soils and on very 

degraded steep slopes (Nyssen, 1997).  Though the terracing system was fairly 

successful, it is obviously very high-priced and time consuming and largely destroys 

the relic vegetation.  The slopes are rendered extremely vulnerable to storms in their 

first seasons and too often poor quality terracing was carried out, leaving the slopes 

even more unstable than before.  Besides, it was found that much of the success of 

the forestation terracing lies in the natural regrowth of weedy vegetation following 

exclusion of grazing animals (Hunting, 1974). 

As it was found to be the most effective and less costly measure to allow the natural 

regeneration of vegetation and consequently the prevention of further soil erosion 

and desiccation (Hunting, 1974; Chadhokar & Solomon Abate, 1988; Chadhokar, 

1992), several areas were closed for cattle, either complete or with allowance for 

manual removal of grasses (cut and carry) since the mid-eighties.  Recently, the 

Relief Society of Tigray (REST) initiated the big scale creation of such enclosed 

areas.  Exclosures continue to be a key activity of this agency.  A fair number of 

exclosures have been enriched with exotic eucalypts lately. 

 

2.3.  Downsides to renewed eucalypt plantations 

There is no doubt that in an extremely wood deficient country such as Ethiopia this 

initiative to grow more timber locally is laudable.  The renewed eucalypt plantation 

activities may however also trigger question marks concerning socio-economical and 
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ecological sustainability.  Regarding socio-economical sustainability, questions may 

arise on the high cost of plantation versus the low survival rate of the trees.  Although 

the official estimated percentage of survival is very high (75 % near Hagere Selam 

and 55 % near Adi Gudom), some limited and dispersed field observations gave an 

impression of a much lower survival rate.  As to ecological sustainability, questions 

may arise on the effects of the new eucalypt plantations on the water balance, 

erosion resistance and biodiversity in the closed areas.  Although eucalypts are very 

water efficient, their high productivity can lead to significant higher transpiration.  

Their phytotoxic root and litter action may lead to soils devoid of any vegetation cover 

and dense plantation schemes may lead to monospecific ‘forests’ of eucalypts 

lacking mixture of indigenous species, as observed by Nyssen (1997) in clearings of 

Eucalyptus which were planted in 1970.  Wilson (1977) noted strong regeneration of 

indigenous vegetation on a slope reforested with exotic species and estimated that in 

the long term the effects of exclosure would be more significant than the actual 

planting.  On the other hand, it can be feared that the plantation of the very 

competitive eucalypts in closed areas may cancel out the initial conservation efforts, 

especially in the more aged exclosures where natural regeneration processes have 

already started.  In all respects, the presence of Eucalyptus plantations in the vicinity 

of old forest fragments often prevents the extension of these important indigenous 

tree clusters (Aseffa et al., 1992). 

 

3.  Forest rehabilitation through natural regeneration 
3.1.  Natural regeneration in closed areas 

The recovery process of the vegetation following area closure usually starts with the 

increment in number and cover of grassy species.  After some years shrubs and 

trees develop and depress the grass component.  According to Feoli (1994) there is 

a direct correlation between length of protection time and the vegetation cover.  

Informal interviews with local communities revealed that spring discharge rates 

increase and water flows over a longer period of the year as compared to the 

situation before area closure. 

It must be emphasised that not the trees themselves play the dominant role in soil 

protection but rather the shrubs, herbs and leaf litter that is associated with forest 

ecosystems (Hunting, 1974), along with appropriate physical conservation measures.  

Debris and vegetation limit rainfall impact, runoff and erosion, favour rainwater 

infiltration and thus contribute to the raising of the water table (Chadhokar, 1992; 

Nyssen, 1997).  Eucalypts allow only very few grasses under them and no woody 

undergrowth at all.  In addition, it was observed that eucalypt plantations barely 
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attract seed dispersing birds.  Wunderle (1997) notes that Australian eucalypts are 

unattractive to native wildlife when planted outside their normal range because they 

lack their local insect fauna and do not bear fleshy fruits.  In Africa, eucalypts merely 

serve as nest sites (Cody, 1985).  In other words, eucalypt plantations might never 

evolve into a native forest ecosystem that efficiently protects the soil.  This is one of 

the main reasons why natural regeneration or artificial regeneration with indigenous 

species is preferable and area closure could be a way to achieve this goal. 

On the other hand, Chadhokar (1992) points out that at present the activity of area 

closure is no more than closing off degraded lands with little or no planning at any 

stage and raises problems regarding management and effects on people who were 

using these lands.  One of the main improvements Chadhokar (1992) suggests is the 

increase of people’s participation in the selection process for areas to be closed for 

cattle, so that they can share the responsibility for its management and future use 

within safe limits.  Moreover, he suggests that regular clearing of bushes should be 

carried out to allow the growth of more favourable species.  These more constructive 

species could even be introduced on sites where conditions are less favourable and 

the rate of natural vegetation is too slow to halt soil erosion adequately. 

 

3.2.  Forest rehabilitation project 

Chadhokar (1984) proposes the introduction of grasses and legumes for fodder 

production purposes in closed areas, but a different perspective could be the 

identification and reintroduction of indigenous tree species that foster the natural 

regeneration of other indigenous species.  In order to catalyse the natural 

regeneration of a forest ecosystem, one should focus on stimulating the natural 

succession.  One approach could be the plantation of framework tree species, 

relative fast growing indigenous tree or shrub species that attract seed dispersing 

animals such as birds, which are still abundant in the Tigray highlands, and thus 

promote the dispersal of seeds from remnant forest patches into the forest 

rehabilitation areas.  In many tropical regions seed dispersal by animals is the 

predominant form of distribution of propagules and has the potential to facilitate 

recolonisation of native vegetation on degraded sites (Wunderle, 1997).  This 

approach is generally referred to as assisted natural regeneration or ANR (Gossem & 

Tucker, 1995; Forest Restoration Research Unit, 1998).  It was observed that the 

water table in the region has lowered that much that saplings of climax vegetation 

species such as Olea and Ficus cannot survive (Nyssen, 1997).  Framework tree 

species in general reach canopy closure after a relative short period and create a 

more favourable growing environment for these climax species.  Changes in light, 
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temperature and moisture conditions enable germination and growth of seeds 

transported to the site from adjacent forest remnants (Lugo, 1997; Parrotta et al., 

1997). 

Restoration ecology in the tropics and subtropics is in its early stages of 

development, with some basic studies available to provide guidance for restoration of 

degraded landscapes.  Specific studies to adapt management to local conditions are 

currently needed (Wunderle, 1997).  The Katholieke Universiteit Leuven (Belgium) 

and Mekelle University (Ethiopia) are carrying out a joint research project in Tigray 

and ANR adapted to the situation in the study area is one of the strategies that is 

being investigated in order to contribute to the restoration of Ethiopia’s forest 

resources and its multiple functions, such as supply of fuel wood and other essential 

forest products, erosion prevention, water harvesting and conservation of 

biodiversity.  Furthermore, the project aims at contributing to the capacity building of 

resource monitoring and management by local authorities and communities and the 

enhancement of farmers’ expertise on sustainable natural resources management 

through forest management. 

 

4.  Conclusions 
There are strong indications that area closure is an important measure to rehabilitate 

the vegetation of Tigray and restore its water table levels in the long run.  However, 

poor management practices in the closed areas and often too little participation of 

local communities reduce the effectiveness of the system.  Moreover, in Central 

Tigray a reasonable amount of rehabilitation areas are being planted with Eucalyptus 

and the previous conservation efforts by REST are at risk.  The joint research project 

of the Katholieke Universiteit Leuven and Mekelle University aims at the natural 

regeneration in the closed areas.  It follows a strategy based on natural processes.  

Through participatory exchange of information, management practices will be 

designed and tested that facilitate the regeneration processes and ensure future use 

within safe limits for local communities. 
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