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Abstract

An increasing in the demand of forest product such as wood for construction poles, timber, firewood, charcoal, fencing, posts, farm

implements and source of income which makes Eucalyptus is the popular tree crop in across the tropics. Eucalyptus is a long and

ever green tree which belongs to the family of flowering plants known as Myrtaceae. In Ethiopia, Eucalyptus is one of the most exotic

tree species which introduced by Emperor Menelik II in 1895 in order to alleviate the shortage of firewood and construction wood

in the capital city of Ethiopia. Currently, Eucalyptus is growing and expanding almost in all part of Ethiopia for satisfying the growing

demand of forest product. Even though Eucalyptus provides various socio-economic benefits to most households’, it has some nega-

tive impacts on soil nutrients, neighbour crops and water. However, the negative impacts of Eucalyptus are mainly results from poor

management. Hence, there are no deep reasons to discard Eucalyptus plantation in Ethiopia. Generally, production and planting of

Eucalyptus tree in the form of woodlot have a significant poverty alleviation role as a source of regular income, and improving most

Ethiopian household’s livelihood.
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Background

Eucalyptus is an exotic and most popular tree species classified
in Myrtaceae family [1]. It is a genus of more than 500 species and
become the most planted genus of tree species in the world [2]. Al-
though Eucalypts is a native of Australia, it is now widely and suc-
cessfully planted in India, South Africa, Zimbabwe, Kenya, Uganda,
and Tanzania [3]. According to Liu and Li, [4], the major Eucalyptus
growing countries are: China (170 million ha); India (2.5 million
ha); and Brazil (3.7 million ha) but 15 years ago Brazil has higher
Eucalyptus plantation than others (Figure). Currently, more than
100 Eucalyptus species are grown in Africa, 70 of them found in
Kenya [5] and about 55 cultivated in Ethiopia [6]. Forest plantation
practices in Ethiopia are mainly exotic tree species with Eucalyptus
covering the largest area of hardwood plantations (EPA, 2007). Ac-
cording to Kebebew and Ayele [7] growing Eucalyptus at farm level
in the form of woodlot has becoming popular among smallholder
farmer in Ethiopia. Eucalyptus species have been introduced in
Ethiopia for satisfying the growing demand of wood for fuel, con-
struction material and to reduce the pressure on the remaining
natural vegetation [8]. In the country, it is largely confined to the
highlands (1500-3200 m.a.s.l.) where moisture and temperatures

are suitable for growing.

The two Eucalyptus species are normally altitude-based with
Eucalyptus camaldulensis being adaptable in the upper kolla and
woina dega zones that is lower altitudes while Eucalyptus globulus
is mostly found in dega and wurch zones meaning higher altitudes.
Moreover, its cultivation has gradually spread throughout Ethio-
pia which is encouraged by academic, research and development
institutions including the former Alemaya College of Agriculture,
Institute of Agricultural Research (IAR) and Chilalo Agricultural
Development Unit (CADU) [9]. Recent studies also highlighted that
Eucalyptus is widely planted across Ethiopia including on large ar-
eas of land previously allocated to food production [10]. Currently,
it is estimated that, over 500000 ha of the land is covered by Euca-
lyptus plantation in Ethiopia [11].

Though Ethiopian highlands are suffering from severe defores-
tation and biomass fuel crises, Eucalyptus globulus is the prominent
tree in government and community estate plantations because of
its fast growth through coppicing, resistance to browsing by live-
stock, and through simple sawing and potted seedling propagation
[12]. Now a day, Ethiopian smallholder farmers have the largest
area of Eucalyptus plantations which is more than 0.5 million ha
in East Africa [13]. The species contribute 92 %, 74 %, 85 %, 40 %,

83 % and 91 % of construction, poles, timber, firewood, charcoal,
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posts and farm implements wood sources for rural Livelihoods re-
spectively [14]. Moreover, most Ethiopian households planted and
produced Eucalyptus trees due to its adaptability, fast growth, non-
palatability for livestock and earn high income from sale of Euca-
lyptus wood product [12,15].
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Figure 1: Area coverage of Eucalyptus plantations in
some countries.

Source: Turnbull [16].

Forest Development and Eucalyptus Plantation in Ethiopia

Ohigashi [17] stated that the history of afforestation or mod-
ern tree planting in Ethiopia using an exotic species of Eucalyptus
was started during the era of Emperor Menelik II at the end of
19" century after he tested more than ten varieties. Forest plan-
tation development in Ethiopia is characterized by the dominance
usage of exotic species, such as Eucalyptus globulus which cover
about 90% of the total plantation area, Eucalyptus camaldulensis,
cupressus lustanica, casuarinas cunninghamiana, pinus patula, pra-
diata, and the native species Junipers procera [18,19]. The radius
of Eucalyptus growing from the capital city Addis Ababa continued
to increase during the first decade. The next stage of Eucalyptus
growing outside Addis Ababa was by missionaries in Ghimbi, De-
breTabor, and Harar. Later, Eucalyptus growing moved to rural ar-
eas from these first nodes, being planted first in urban areas, the
homesteads and eventually on agricultural lands by farmers and

urban dwellers [13].

Eucalyptus plantations have expanded considerably among
smallholders and small forestry firms in Ethiopia and placing at
the second place in Africa (Figure 1) in terms of area planted with
Eucalyptus [13]. Jenbere., et al. [8] also revealed that Eucalyptus
species have been introduced in Ethiopia for satisfying the grow-
ing demand of wood for fuel, construction material and to reduce
the pressure on the remaining natural vegetation. Likewise, the
main usage of Eucalyptus in Ethiopia is for firewood and building
materials but it has high potential for the production of organic oil
particularly Eucalyptus globulus since it is little affected by disease
or insect pests [17].
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Zerga and Berta [19] stated that Ethiopian farmers were pre-
ferred to grow Eucalyptus tree over indigenous tree to cover ex-
penses such as government taxes, fees to schools, money paid as
contribution to social organizations such as Mahibers, Zikirs, 1d-
dirs and used for construction purpose at various stages (3 to 4
years for small poles, 5 to 6 years for medium poles, 7 to 8 years
for big poles and greater than 9 years logs). Similarly, Tadele., et
al. [20] reveled that Eucalyptus plantation played and continues to
play significant role in improving the livelihoods of rural commu-
nities, poverty reduction and reducing the pressure from remnant
native forests in the highlands of Ethiopia.

Moreover, Hailemicael [21] stated that different parts of Euca-
lyptus have different functions for small scale farmers and poor
urban households such as branches, leaves, stems, roots, barks.
Branches, roots and leaves are used for fuel wood while the stem
can be used either for construction, fuel wood, or transmission
poles. Small scale farmers use Eucalyptus for fuel wood, fence and
construction of houses or to generate income by selling parts or
the whole tree such as Cefeka, Mager, Weraj, Quwami, and fuel
wood. In most part of the Ethiopia, all parts of the Eucalyptus trees
like stem, bark, branches, leaves, and roots are harvested for daily
livelihood activities [22]. Furthermore, Eucalyptus provides wide
range of benefits for Ethiopian smallholder farmers providing that
it used for fuel wood, construction materials (such as poles and
stakes for construction of house, fencing and transmission pole),
making of farm equipments, generating income with short period
of time, production of charcoal, preventing of soil erosion, shelter
belt, drainage and wind break for their fragmented lands [23].

Eucalyptus has a social value as its widespread use create em-
ployment opportunity for women and youths in rural areas where
there are few other opportunities. Degraded land is common and
everywhere in the Ethiopian highlands women and youth plant
Eucalyptus on this fragmented land as a means to create oppor-
tunity for income generation [24]. Kelemu and Taddesse [25] also
revealed that planting of Eucalyptus create job opportunities for
females (about 60%) compared to males starting from seed collec-
tion up to the final logging. For example, raising seedlings digging
holes, weeding, carrying logs and collection of remains of logs like
branches, leaves and barks, are mostly done by females. Even if it is
difficult to obtain year-to-year cash income from tree cultivation in
general, the average cash income from Eucalyptus over the rotation
period is greater than that from other agricultural crops [26].

Environmental and socio-economic implication of Eucalyptus

Eucalyptus can be cultivated with minimum management ac-
tivities for different products and services. According to Van Eijck
[27], the main cultivation practice needed to produce Eucalyptus
were weed control, pruning, fertilization, pest and disease control,
harvesting and post harvesting activities. Different literatures re-
vealed that, Eucalyptus species were planted for the first time for
the purpose of curiosity in botanic gardens, arboreta (tree collec-
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tions), parks and for amenity. Later on, different stakeholders found
that it is valuable trees for fuel wood, charcoal, timber, poles, posts,
mine props, plywood, paper pulp, fiber board, production of Euca-
lyptus oil, shade and shelter, ornamental purposes and as a source
of nectar for honey production [16,28]. Similarly, Eldridge., et al.
[29] stated that among flowering plants, Eucalyptus is one of the
fast growing species in the world that provide various functions. It
used for construction material, transmission poles, pulp wood and
timber, energy purpose, farm equipment. Hence, Eucalyptus spe-
cies takes the first place from all exotic species commonly known
and planted throughout the world.

Another advantage of Eucalyptus is its performance in degraded
lands, swampy area, unfertile and exhausted soil and in dry areas
[30] and provision of products with diverse application. According
to Ohigashi [17] Eucalyptus is essential woody plants which serve
as a raw material for paper pulp, firewood, materials for building
houses, furniture, telegraph poles, railroad crossties, pit props, ply-
wood, tar, and extraction of oils as raw material for paints, perfume
oils, cosmetics, disinfectants and others. Zerga and Berta [19] also
indicated that the main aims of Ethiopian farmers to grow Eucalyp-
tus tree is for the purpose of fuel wood, fencing, farm tool, construc-
tion of house, cash income generation, soil and water conservation.
Eucalyptus can start providing output from third or fourth year de-
pending on the intention of farmers and type of the product to be
extracted if the planting sites have a good condition of nutrient and
water. Moreover, Eucalyptus species have been accepted as suitable
for shelterbelts and for mixture with agricultural crops in Colum-
bia, Tunisia, Senegal, Nigeria, Cameroon, Pakistan, India, China, Sri
Lanka, and Bangladesh [31].

Given the diverse products of Eucalyptus plantation and argu-
able diverse effects, no single fact should have taken as sufficient
evidence either to promote or discourage the planting of the Euca-
lypts, though results from many studies taken together may yield
valid generalizations [24].

The Dilemma of Eucalyptus

Despite the wide socio-economic and environmental benefits
that Eucalyptus renders to world and in Ethiopia too, there are still
widely divergent opinions among different stakeholders concern-
ing the advantages and disadvantages of planting Eucalyptus. Some
totally oppose its planting, some support it strongly and others
have doubts. For instance, Gil,, et al. [26] revealed that Eucalyptus
has negative impacts when it is planted on wrong sites, done by
replacement of existing natural forests coupled with poor manage-
ment and silvi-culture. On the other hand, it would have positive
impacts, which outweigh the negative ones when it is planted on
the right sites that are marginal and degraded with good manage-
ment planning and proper tending.

52

Eucalyptus species are generally assumed to cause different en-
vironmental problems. However, different researchers investigat-
ing the positive and negative environmental aspects of Eucalyptus
plantations do not have a common agreement on its disadvantages.
For instance, Hailemicael [21] stated that the most common im-
portant controversies of Eucalyptus are: whether it consumes too
much water or not; whether it takes up excess nutrients from the
soil or not; whether it decreases the biodiversity in the under-
growth or not and whether it improves the control of soil erosion
or not.

Turnbull [16] reveled that it would be necessary to pass legisla-
tion to require that almost all charcoal, poles and firewood would
be derived from plantations of fast-growing species such as Euca-
lyptus, to prevent further loss of natural forests. Major arguments
that support Eucalyptus planting include: its fast growing; require
minimum care; grow in wide ecological zones and poor environ-
ments; coppice after harvest; resistant to environmental stress
and diseases; it’s seeds are easy to collect, store and no pre sow-
ing treatment is required [14,18]. Likewise, no other species be it
indigenous or exotic, can replace them in the future to bridge the
widening gap between demand and supply of wood [16,30]. Simi-
larly, the profit derived from Eucalyptus plantations is considerably
higher than cultivating crops [28].

Eucalyptus species played many roles across different countries
mostly it accepted as suitable for shelterbelts and for admixture
with agricultural crops in Columbia, Tunisia, Senegal, Nigeria,
Cameroon, Pakistan, India, China, Sri Lanka, and Bangladesh [31].
Likewise, on the highland verti-soil of Ethiopia Eucalyptus globulus
trees are planted in farm boundaries for multiple purposes such
as fuel wood, timber, as a cash crop, boundary demarcation, fenc-
ing, soil and water conservation, and increasing crop yield [23].
Eucalyptus species can supply wood in good quantities within 4-5
years from comparatively small areas of land [2]. Zegeye [32] also
revealed that the benefits of Eucalyptus are far greater than the
negative impacts and it provides fuel wood, construction material,
charcoal, timber; poles, posts, farm implements, paper pulp, tannin,
Eucalyptus oil, nectar for honey production, shade and ornamental

purposes.

Furthermore, according to Michelsen., et al. [33], the choice of
Eucalyptus species for plantations should be based on many crite-
ria for instance maximum wood production, ecological sustainabil-
ity, marketability of the planted species (commercial production of
timber), and usefulness of the species to the local population. All
these criteria involve not only a choice of species planted but also a
choice of plantation management methods from initial planting to
final harvesting of the trees.

Despite the apparent benefits it provides, it has adverse impact
on the environments. Lemenih and Teketay [34] indicated that
growing of Eucalyptus increased soil acidity while the base satu-

ration declined compared to native vegetation sites and adjacent
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agricultural lands. Similarly, Negash [35] reported that Eucalyptus
has adverse ecological qualities which include depletion of soil wa-
ter and nutrients, aggressive competition for resources with other
plants, production of allopathic chemicals that suppress the growth
of other plants, unsuitability for erosion control and incapability
of providing adequate food and habitat for wildlife. Furthermore,
Eucalyptus plantation are often accused of depleting soil nutrients,
reducing soil water reserves, replacing natural forests and threat-
ening ecological stability and diversity since they are often grown
in monoculture [2].

Likewise, Okia [36] stated that the Eucalypts have been blamed
for many evils, including the drying-up of water courses, the sup-
pression of other vegetation, erosion, and adverse effects on nu-
trient cycling and soil properties. Moreover, the main arguments
against Eucalypts by many researchers includes: it drain water
resources; boost soil erosion; suppress undergrowth, deplete soil
nutrients; it induce allelophatic effects [2,9,18].

Socio-economic benefits

of Eucalyptus Citation (Reference)

e  Its Multiple purposes such as Fuel
wood, timber, cash crop, boundary
demarcation, fencing, soil and wa-
ter conservation

[14,16,18,23,26,30-33]

e  Bridge the widening gap between
demand and supply of wood

e  Shelterbelts

e Fast growing; require minimum
care; grow in wide ecological
zones and poor environments;
coppice after harvest; resistant
to environmental stress and dis-
eases; it's seeds are easy to collect,
store

Environmental impact of Eucalyptus

e Adverse effect on soil humus,
water, other crops, and wildlife

[2,9,18,26,34-36]

e  (Cause soil erosion

Table 1: Summary on dilemma of Eucalyptus woodlot plantation.

Determinants of woodlot plantation and production in
Ethiopia

The main constraints which affect woodlot production were
land size, family labor, financial resources, knowledge, technology
and the transaction costs and support to the woodlot owners [37].
According to Rapahel and Alemu [38], the performance of forest
plantation generally in Ethiopia and particularly in Amhara Region
affected by various socio-economic, technical and institutional fac-
tors such as lack of extension service, poor market access, lack of
cooperation, poor appropriate spacing, thinning, harvesting prac-
tice and inadequate institutional and policy support. Likewise, farm
size, loan and credit access, per capita income, age of the farmers,
land ownership of the farmers, availability of non-agricultural land
were some factors which significantly affects farmers’ adoption de-
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cisions on Eucalyptus woodlot production [39].

Abiyu,, et al. [40] revealed that the main factor that significantly
affect number of tree production and number of tree species were
number of livestock owned by the household, land holding size
and age of household head. Likewise, the decision to grow trees
by smallholder farmer is also affected by market incentives, such
as availability of markets for outputs and inputs, their price and
associated income loss [41]. Furthermore, Jagger., et al. [42] using
ordered probit regression analysis reported that the main deter-
minants of changes in environmental conditions during woodlot
establishment were plantation zone, woodlot distance to market,
population density, area of woodlot, availability of wasteland,
Seedling survival rate, annual precipitation, slopes of area, soil type

and tree species.

According to Bekele [43], factors that significantly influence the
decision to adopt woodlots as a form of land use were tree tenure
security, quality of seed, contact with extension agents and size of
land holdings. Woodlots require farmers to set aside part of their
land for growing trees that results in the cultivable area under food
crops being reduced. Therefore, farmers with smaller plots of land
may view tree planting as competing with food crops, thus reduc-
ing incentive to establish woodlots.

In the case of Ethiopia, farmers have the ownership right to
trees growing on his/her homestead and cultivated lands, but
needs to get permission from the local government to cut the trees.
This hinders the participation of the farmers in woodlot planta-
tion. Ohigashi [17] also stated that compared to Ethiopian farmers,
Thailand farmers operating Eucalyptus plantations own an average
of 13 ha of total land and out of 13ha, 8 ha were allocated for Eu-
calyptus but in Ethiopia the average land area owned by farmers
are 1.2 ha, with 99 % of farmers owning less than 5 ha of land.
Therefore the shortage of land are main constraints for farmers to
produce Eucalyptus since it takes a minimum of 5 years to harvest.
even though Eucalyptus provides high yield in all ecological condi-
tions, its growth rate depends on different management factors like

spacing, site conditions, amount of rainfall [21].

Eucalyptus sale assist smallholder farmers to bridge the food
shortage gap at household level. As a result, growing Eucalyptus at
a farm level in a form of woodlot has become very common practice
among smallholder farmers in rural parts of Ethiopia [24]. How-
ever, the size of farm, the wealth status and age of the farmers were
the main factors influencing farmers’ tree planting activities [44].
Beside this, fertilising is an important factor to increase yield [27].
Likewise, Eucalyptus production was affected by insects (termites,
Eucalyptus snout beetle), pests (locus) and fungi [24]. However,
Hailemicael [21] reported that compared to other commonly used
exotic tree species, Eucalyptus species are not sensitive for the at-
tack of different tree diseases/pathogens/, pests, and environmen-
tal stress such as water, and nutrient deficiency due to its genetic
diversity by itself has a power to resist such infectious disease and
environmental factors.
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The productivity of Eucalyptus in tropical and sub-tropical
countries are remained low due to poor genetic stock, weed com-
petition, water stress, low nutrient status of the soil, and threats
from pests and diseases [45]. Krause,, et al. [46] indicated that the
main factors that hinder farmers from growing of woody plants
were personal characteristics of farmers, poor access to infrastruc-
ture, shortage of land resource and seedlings. Similarly, Githiomi.,
et al. [47] also revealed that scarcity of seedlings, inadequate land
and high cost of establishmen are the main obstacles encountered
to farmers in woodlot establishment in centeral kenya.

Hailemicael [21] reported that the main factor that affect the
profitability of Eucalyptus plantation in Northern Ethiopia were
labour access, low management techniques for wood lots, lack
of proper market access and environmental factors like poor soil
fertility, rainfall, and rough topography. Similarly, the income and
profitability of Eucalyptus tree commercialization by farmers are
affected by technical, financial and awareness support; market
mechanism; wood price and non-income gains [14]. Even though
Eucalyptus is mostly planted everywhere in Ethiopia, its processing
and marketing are not linked well due to poor coordination and
cooperation among producers. Moreover, lack of knowledge and
experiences during sawing, drying and processing of the various
commodities produced for the wood of Eucalyptus were the main
reason [48,49].

Factors or attributes
and its Effect on Description Citation
woodlot production P (Reference)
(+ve or -ve)
Socio-economic and
demographic factors
Lack of cooperation | [38,49]
Cooperation (-ve) among producers
Land size orwaste land | Availability large land | [37,39,40,42]
(+ve) size and waste land
Wood price(-ve) Lower price of prod- | [14]
uct
Family labour(+ve) Large family size [37]
Age Elder HH produce | [39,40,48]
more woodlot since it
less costly and labour
intensive
Physical factors(-ve) Poor  soil fertil- | [24,45]
e  Soil fertility, ity weed c.ompet%tlon,
excess or little rainfall
o  Weed,
e Insects and pests
e Rainfall
Institutional factors Poor access of mar- | [14,38,21,41]
(-ve) ket, extension and in-
frastructure like road
e  Market access .
. ) as well as inadequate
e Extensionservice | jnstitutional and pol-
access icy support of forest
e Policy support plantation
e Infrastructure

Table 2: Summary of factors affect woodlot production.
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Conclusion

In Ethiopia, afforestation (tree planting) was started in the
early 1400s. But modern tree planting using an exotic tree species
mainly Australian Eucalyptus were started in 1895 to alleviate the
shortage of firewood and construction wood in the capital city of
Ethiopia. Eucalyptus plantation is widely established and planted
throughout Ethiopia on large areas of land which previously allo-
cated to crop production. Currently, it is estimated that, more than
500,000 ha of the land is covered by Eucalyptus plantation for vari-
ous purpose in Ethiopia. In the country, the demand of Eucalyptus
increased from time to time due to its adaptability, fast growth,
non-palatability for livestock and earn high income from sale of
Eucalyptus wood product. Though there dilemma on Eucalyptus
plantation among scientists, the positive impact of Eucalyptus plan-
tation is higher than its negative impact. Generally, there is no any
profound reason not to continue Eucalyptus plantation in Ethiopia.
Therefore, to maximize its socio-economic benefits and minimize
its negative impact on soil, water and neighbor crop, cluster plant-
ing and using appropriate management methods such as spacing,
species and site selection are advisable. Moreover, to reduce the
natural forest deforestation, planting and expanding of Eucalyptus
in the form of woodlot are advisable.
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