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Abstract
Assessing the Impact of Exotic Plantation on Species Diversity: The Case of Eucalyptus
Plantation in Addis Alem (Menagesha) Area
Tselot Tesfaye
Addis Ababa University, 2018
This study was carried out at Addis Alem (Menagesha) Eucalyptus plantation, about 50-km
southwest of Addis Ababa, to assess the impact of Eucalyptus plantation on the naturally
regenerated woody species. Sixty plots of 400 m 2 (20 m X 20m) size were established along a
transect lines at every 300 m distance between them. Transects were laid in north–south
directions at 500 m distance from each other. Seedlings, herbaceous species were collated from
five sub-plots (4 m 2) within each major plot. A total of 68 plant species belonging to 55 genera
and 32 families were identified. Asteraceae (8 species) was the most dominant family. Out of a
total of 68 plant species, 41 of them were naturally regenerated woody species recorded in Addis
Alem (Menagesha) eucalyptus plantation. They represented 33 genera and 25 families. For the
analysis of vegetation diversity, woody species density, the individual E. globulus plantation
stands were used to classify the plots into three categories. These are C1 (plots with less than
154 E. globulus stands), C2 (plots consists of 154 to 199 E. globulus stands) and C3 (plots with
greater than 199 E. globulus stands). Twenty plots were identified for each category. There was
significance difference (P < 0.05) in the species diversity (H’) between C1 and C2, as well as C1
and C3 while there was no significant difference between C2 and C3. The species richness was
also significantly different (P < 0.05) among the three categories of E. globulus plantations. The
species diversity and species richness increased with the decrease in E. globulus plantation and
vice versa. Sorenson similarity index showed highest similarity between C1 and C2 while C2 and
C3 showed relatively weak similarity. The density of naturally regenerated woody species
showed a decreasing trend with the increase in the density of E. globules plantation and vice
versa. Therefore, the density of E. globulus plantation was negatively correlated with density of
naturally regenerated woody species. The study on vegetation and population structure showed
that the density of tree species was high at the lower DBH class levels and there was good
regeneration status. There was no significant difference between the three categories of E.
globulus plantations in their major soil nutrient contents.
Keywords: Addis Alem (menagesha),regeneration, vegetation composition, species diversity,
Indigenous species and eucalyptus plantation.
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1. Introduction
Natural forests in Ethiopia are declining rapidly due to their conversion to arable lands coupled
with unwise and excessive utilization triggered by increasing population growth. This had and
continues to have serious consequences on various ecosystems in Ethiopia.
Eucalyptus was introduced to Africa, and Ethiopia, around the end of the 19th century, in 1890s.
Since then it has continued to expand to cover wider geographic areas within Ethiopia: highland
and lowland. An acute shortage of timber and fuel existed in the early days of the city, but this
was solved, at the turn of the century by Emperor Menelik II allowed the establishment of a trial
plot of eucalyptus, and 15 species of eucalyptus were imported for trial in and around the capital
city (Pohjonen and Pakulla 1990).The word eucalyptus comes from the Greek eu "well",
kalyptos "covered" and refers to the buds of the flowers of this tree.
Eucalyptus is one of the most planted woody species in the world next to Pinus and
Cunninghamia. Eucalyptus belongs to the Myrtaceae family with three genera such as
Eucalyptus, Corymbia and Angophora. There are about 900 species, subspecies and hybrids of
Eucalyptus globally. More than 700 known Eucalyptus species are native to Australia. Outside
its natural eco-region, Eucalyptus is expanding from 0.7 million ha in 1955 to more than 20
million ha in 2009, distributed to over 100 countries. It can grow in tropics, sub tropics and some
temperate regions and covers 0.5% of the global surface forest area. Eucalyptus is rapidly
expanding in India, Brazil, China, South Africa and Australia. The expansion of Eucalyptus from
Australia to Europe began before 200 years in Portugal. Eucalyptus was introduced to United
States in the mid nineteenth century. It further distributed to other parts of the world in the late
19th century and the beginning of 20th century when the demand for fuel and energy escalated in
Europe, South America, Asia and Africa (Daniel Jaleta 2016).
It is providing multiple purposes, economic and social, for millions of households in urban and
rural areas. It has substituted effectively some of the natural forest’s functions, principally in
wood supply; hence this way it has contributed to reducing pressure and in slowing down
deforestation. Yet Eucalyptus sustained blame for ecosystem water and soil nutrient drains, and
allelopathic effect to suppress native flora growth.
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Especially in sub-Saharan countries the degradation of natural resources typically forest
resources depleted rapidly and leads to a complete eradication of natural resource services
(Water, forest, fertile soils, biomass or fuel), different natural hazards (flood, drought) and lack
of modern technology for accessing food production (Smalling et al., 1996; Lemenih, 2004). To
overcome the environmental challenges (environmental problems comes due to deforestation)
and save the remaining natural forest planting of fast growing tree is the solution in order to
satisfy the ever increasing demand for forest product. It gives a way for urgent problems though
these fast growing exotic species (including the use of tissue culture and clones) is a viable
opportunity to solve the current dilemma between conservation and livelihood needs. The study
done in Ethiopian highlands by Pohjonen and Pukkala (1990) indicates fast growing exotic
species were planted extensively to conserve degraded land, unfertile agricultural area and
abandoned land in addition to its contribution to solve the shortage of forest product demand for
various purposes, such as, construction materials, timber and energy consumption. These exotic
species have been planted on unproductive forest areas which have low quality. In the year 1992
more than 200,000 ha of land in Ethiopia were covered with exotic fast growing species, out of
this a minimum of 60% were covered with eucalyptus (Ashagre et al., 2005; EFAP, 1994).
Eucalyptus is considered currently as the main woody species to fulfill the shortage of forest
products and a means to give economic benefits especially for small scale framers in developing
countries.
Plantation establishments using exotic species have both advantages and disadvantages (Lugo,
1992).
Despite the resistance of the people to the introduction and establishment of exotic species
however, little research work has been undertaken to elucidate the harmful and beneficial
impacts of exotic plantations. In the absence of empirical evidences, any claim against the
establishment of exotic species cannot be warranted, in countries such as Ethiopia where there is
a desperate and urgent need of expanding the forest resource base to meet the ever-increasing
demand for wood (Demel Teketay, 2001).
Recently many studies have indicated that forest plantations can foster the regeneration of native
woody species under their canopy and catalyze the subsequent succession processes (Bone et al.
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1997; Yitebitu Moges, 1998; Feyera Senbeta and Demel Teketay, 2001; Feyera Senbeta et al.
2002; Getachew Tesfaye and Abiyot Berhanu, 2006).
While the catalytic role of plantations in enhancing native woody regenerations as well as
improving degraded lands have been widely observed in many countries, understanding of the
mechanisms and processes involved is quite limited. For instance, knowledge on the
relationships among the catalyzing effect of tree plantations on succession of forests, the role of
dispersal mode, origin of seeds (seed bank or seed rain), and the effect of management and types
of species, is scanty (Yitebitu Moges, 1998; Feyera Senbeta and Demel Teketay, 2001).
Mostly, Eucalyptus is feared for ecological hazardous and ecosystem destructor, but Eucalyptus
is an important tree in fostering ecosystem serving as conservation tree at beginning of
restoration process of degraded sites.
Eucalyptus plantations in southern Ethiopia were used as a buffer for degrading natural forest
and have reduced impact on the forest (Feyera Senbata, 2002). It is substituting the fuel wood
and construction materials harvested from natural forest which previously lead to deforestation
due to the huge gap of demand and supply without the presence of this species (Zegeye H.,e
tal,2013).
The Eucalyptus plantation has reduced natural forest deforestation in one way and reduced
human impact in other hand that provide time for natural forest regeneration and allow
improvement of biodiversity richness. Some study has indicated that Eucalyptus plantations
facilitates that the process of forest succession by providing a nurse affect for the colonizing
native species and attracted seed dispersal agents. Additionally, Eucalyptus plantations can be
used to foster natural forest re-colonization and succession process (Adimassu Z, 2004).
Similarly, it can also facilitate the regeneration of native woody species in the plantation through
reducing soil erosion and facilitating attractive conditions for seed germination. In addition,
Eucalyptus plantation can also foster the regeneration of other native woody species in degraded
area by providing protection (Teketay D.2000, Hailu Z, 2003, Senbeta F, 2001).
Eucalyptus is widely considered to have some allelopathic effect which reduced the biodiversity
under the Eucalyptus plantation. The studies related to Eucalyptus’s allelophatic effect were
3

done mostly in the laboratory, which does not perfectly represent the actual ecosystem.
According to Chu (Mortimer PE,etal,,2014) the root length of the native species was
significantly inhibited in Eucalyptus plantations compared to other plantations, but the study
concluded that allelopathy in the Eucalyptus plantations is selective.
Eucalyptus has potential in encouraging the recruitment, establishment and successions of native
species, which promote biodiversity improvement (Lemenih M,2004 cited on Daniel Jaleta
2015). Regeneration of Juniperus procera on previously Eucalyptus plantation was also possible
at Entoto, Ethiopia, which has shown wrong believes that planting other trees after harvesting
Eucalyptus is not possible.
Eucalyptus is blamed for heavy use of soil moisture, leaf litter and soil humus, consumption of
soil nutrients, less soil conservative, non-fodder and habitat (Dessie G, et al, 2011). Studies by
(Kidanu S.2004, (Bargali et al, 1992) argued that Eucalyptus decreases soil nutrients within 20 m
distance from the trees. The comparison study of Eucalyptus with mixed plantation has revealed
that Eucalyptus has three times more fine root biomass in surface soil which indicated that
planting crops in association and adjacent to Eucalyptus should be avoided (Gindaba
J.2003).However, Eucalyptus species exceptionally can extend the nutrient cycling deep to
ground soil where other trees and crop could not access that much depth (Hailu Z, et al, 2003). In
addition to the above, the soil under Eucalyptus becomes water repellent and the perceptions of
the local farmers agreed with the experimental findings by reducing the crop productivity of the
land. On contrary to the above, (Tadele D, et al,2014)

has found that the maize dry matter

production and grain yield planted on cleared felled Eucalyptus stand are significantly higher
than adjacent field. According to (Hailu Z, et al,2003).Eucalyptus does not over exploit the soil
than the traditional fuel usage such as litter and cow dung collection. Similarly, the study has
indicated that due to non-browsed characteristics of Eucalyptus than other fodder tree, it is well
fitted for soil protection purposes if it is incorporated with avoidance of liter and bark collection
in overgrazing practiced places.
In Ethiopia, demand for woody biomass as an alternative to burning dung and crop residues is
critical and requires a short-term solution if soil degradation is to be slowed. Approximately 95%
of total demand for wood and woody biomass in rural Ethiopia is for fuel wood (EFAP
4

1993).despite all the other issues With Ethiopia’s remaining forest and woodland cover estimated
to be diminishing at a rate of 50 000 to 200 000 hectares per year, the need to increase biomass
by significant volumes in the near future is critical. In northern Ethiopia, dung and crop residues
account for as much as 81% of total household energy consumption, leaving little organic matter
for the fertilization of crops and causing soil degradation and accelerated erosion (BekeleTesemma, 1997).

2. Statement of the Problem
The combined effects of biomass shortages, soil and land degradation, overgrazing and
increasing populations are hindering the success of sustainable agricultural systems in the
western part Ethiopian. Ethiopia currently has very limited tree cover and the establishment of
trees or other types of leafy ground cover that provide biomass fuel, environmental services
including climate change statues, soil nutrient and water retention.
The need to expand cultivated land and shortages of fuel biomass has led to the removal of welladapted, nutrient additive indigenous trees. Cropping areas have expanded into marginal lands,
such as steep slopes and mountainous areas, and fallow periods have been shortened or
abandoned. Despite this expansion, food insecurity remains because agricultural productivity has
been seriously eroded by resource depletion.
Two major constraints of Ethiopian conifers are Low natural regeneration and Deforestation.
Eucalyptus can be used as conservation tree as wind break, biodiversity conservation and
maintenance of ecosystem processes. Some species of Eucalyptus can be preferred for medicinal
use (traditional) and in pharmaceutical industries. Eucalyptus can be used as a source of pollen
and nectar production for apiary industries.
Understanding of the processes that may allow us to develop plantation management for
provision of urgently required goods and services, coupled with enhancement and maintenance
of biodiversity, are very essential. Therefore, the objective of this study was to assess the species
diversity, in Addis Alem (Menagesha) eucalyptus plantation.

5

3. Significance of the Study
The study will provide information about explore the controversial issue of eucalyptus tree
planting in Addis Alem (menagesha) area from ecological aspects and the assessment will be
made on species diversity. This study provides a framework for discussion and policy
recommendations concerning whether or not planting eucalyptus on farmland and on other land
types is a viable natural resource management technology to help achieve sustainable livelihoods
in the Addis Alem (Menagesha) area.

3.1 General Objective
The general objective of this research is to assess the ecological impact of eucalyptus tree
plantation in Addis Alem (mengesha) area: species diversity

3.2 Specific Objectives
 To identify the vegetation composition of the study area;
 To compare species diversity, species richness and evenness under various Categories of
Eucalyptus plantations of the study area;
 To assess the condition of vegetation and population structures of naturally Regenerated
woody species under Eucalyptus plantation;

4. Research Questions
1. What will be the impact of Eucalyptus plantations on the regeneration of woody species?
2. What will be the current vegetation composition of the study area?
3. What will be the current condition of vegetation and population structures of naturally
regenerated woody species under Eucalyptus plantation?
4. What will be species diversity; species richness and evenness under various categories of
Eucalyptus plantations of the study area?
5. What will be the current regeneration status of woody species under Eucalyptus
plantation of the study area?
6

5. Review of Related Literature
Forest plantations in Ethiopia are mainly monocultures of exotic species, such as Eucalyptus
globulus, Eucalyptus camaldulensis, Cupressuslusitanica, Casuarina cunninghamiana, Pinus
patula and Pinusradiata. Nevertheless, forest plantations in Ethiopia are predominantly
monocultures of E. globulus, which are estimated to cover about 93% of the total plantation area
in the country (FAO, 1981). In 2000, the estimated forest plantation area was 216,000 hectares,
and about 2,000 hectares of new plantations are established each year (FAO, 2001). Nowadays
many people in Ethiopia are absolutely dependent on Eucalyptus for fuel wood, construction
wood and income generation (Davidson, 1995). The sale of Eucalyptus poles and products has
substantial potential to raise farm incomes, reduce poverty, increase food security and diversify
smallholder farming systems in less-favored areas (Jagger and Pender, 2000).
The other greatest positive contribution of Eucalyptus is perhaps in replacing indigenous species
for firewood, thereby, preventing further denudation of natural forests (Evans, 1992).
In Ethiopia, demand for woody biomass as an alternative to burning dung and crop residues is
critical and requires a short-term solution if soil degradation is to be slowed. Approximately 95%
of total demand for wood and woody biomass in rural Ethiopia is for fuel wood (EFAP
1993)With Ethiopia’s remaining forest and woodland cover estimated to be diminishing at a rate
of 50 000 to 200 000 hectares per year, the need to increase biomass by significant volumes in
the near future is critical.6 In northern Ethiopia, dung and crop residues account for as much as
81% of total household energy consumption, leaving little organic matter for the fertilization of
crops and causing soil degradation and accelerated erosion (Bekele-Tesemma, 1997).7 Although
grasses and shrub type plants contribute to net biomass, trees are generally acknowledged to
most efficiently convert deep soil nutrients and water into biomass.
In severely stressed biomass deficit regions, fast growing tree species such as Eucalyptus
globules, camaldulensis and E. Saligna may be planted to produce high volumes of biomass
within a short time frame.
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5.1 Eucalyptus plantation and naturally regenerated forest
Eucalyptus has an allopathic effect there is no concrete evidence and agreement that prove its
detrimental effect on the undergrowth species. On the contrary some studies show that
regeneration of undergrowth species is better under eucalyptus than other exotic tree species and
natural forest (C.lustinica, and P. patula).On the other hand Alem and WOLDEMARIAM
(2009) study the undergrowth of different species of eucalyptus plantation and natural forest and
found that the condition for under growth is more conducive in natural forest for shade tolerant
plant species (52 species) compared to eucalyptus (46 species); the density of understory growth
in eucalyptus was 3282 stem per ha and that of natural forest 4122 stem/ha. This difference is too
small compared with the livelihood benefit eucalyptus gives to smallholders and to justify a ban
of eucalyptus. Debusheet al. (2010) also shared the above concept from their findings; about 68
plant species with 55 genera and 32 families was investigated in eucalyptus plantation in Entoto
(Ethiopia) of which 41 are naturally regenerated woody species.

Figure 1The generation of native plant species under eucalyptus plantation in the study
area (a) sapling of podocarpus falcatus (b) sapling of Juniperus procera (c) herb species
Management regimes are important to consider as management by itself has an effect on the
regeneration of understory species particularly stand-density (Debusheet al., 2010) and
management of the canopy. The species growing under eucalyptus plantation at its younger
stages are mainly grasses (Holgen and Svensson, 1990) but when older (more than 10 years) the
under growth include different woody species, shrubs and herbs. In relation to water
consumption Poore and Fries (1985) reported that eucalyptus are not a good biological
conservation methods both for soil and water since the ground cover of under story plant species
8

is suppressed by the roots of eucalyptus. On the contrary Tesfaye (2009) argue that if eucalyptus
is planted in a wider space it favor the under growth (Table 5), allowing the entrance of light to
the surface that almost all plant species needs to grow, therefore it helps to protect soil erosion
(runoff) if planted at the right spacing.
Eucalyptus has also the potential in enhancing the recruitment, establishment, and successions of
native woody species (Loumeto and Huttlee, 1997; YitebtuMoges, 1998; Feyera Senbeta, 1998;
Eshetu Yirdaw, 2001; Feyera Senbeta et al., 2002; Mulugeta Lemenih and Demel Teketay,
2004). Therefore, Eucalyptus can act as succession catalysts, facilitating the recolonization of
native flora through their influence on understory microclimate and soil fertility, suppression of
dominant grasses, and provision of habitats for seed dispersing animals (Lugo, 1992; Parrottaet
al., 1997; FeyeraSenbeta and DemelTeketay, 2001: FeyeraSenbetaet al., 2002; EshetuYirdaw,
2001; Mulugeta Lemenih et al., 2004).
Studies on the undergrowth of indigenous species, and their diversity in Eucalyptus plantations
in comparison with the adjecent natural forests were carried out in Ethiopia (Michelsenet al.,
1993; Michelsenet al., 1996; YitebtuMoges, 1998; Kidane Woldu,1998; FeyeraSenbeta and
DemelTeketay, 2001; EshetuYirdaw, 2001; Feyera Senbeta etal., 2002; Mulugeta Lemenih et al.,
2004). Michelsenet al. (1996) studied herbaceous plant richness in plantations of Eucalyptus and
Pinus patula in comparison with the adjacent natural forests and the result indicated that the
species richness under plantations was as high as those of natural forests. In the regeneration
study of woody species under the canopies of tree plantations (E. globulus, Pinuspatula, P.
radiate and Juniperus procera) made by Feyera Senbeta and Demel Teketay (2001), a total of 37
naturally regenerated indigenous woody species were recorded beneath all plantation stands,
with densities ranging between 1,630 and 18,270 individuals per hectare. In the study of native
woody species regeneration in exotic tree plantations (E. globulus, E. saligna, Pinuspatula and
Cupruseslustanica) at Munessa-Shahsemene forest carried out by Feyera Senbeta et al. (2002), a
total of 55 naturally regenerated woody species were recorded beneath all plantation stands with
densities ranging between 2,300 and 18,650 individuals/ hectare in different stands. The study
also revealed that seedling populations were the most abundant components of the regeneration
in most of the plantation stands, forming 68% of the total regeneration count in all stands.
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Eshetu Yirdaw (2001) found greater abundance of naturally regenerated woody species under the
exotic C. lusitanica than the native Juniperus procera stand in Ethiopia. The study also indicated
that the density of naturally regenerated woody plants in plantations was over three times the
usual planting density in Ethiopia, indicating a high potential of forest plantations for restoring
the natural forest ecosystems on degraded lands at a comparatively low cost. Michelsen et al.
(1996) study on the composition of ground vegetation in plantations of E. globulus, E. grandis,
E. saligna, Pinus patula and the adjacent natural forest result indicated that there were no
differences in the species composition of the ground vegetation of natural forests and plantations.
Even the species richness, cover and biomass of their herbaceous flora did not differ.

5.2 Ecological Impact of Eucalyptus
5.2.1 Eucalyptus and Soil Nutrients
One of the criticisms of Eucalyptus discussed by different writers is its nutrient intensive
character, which creates deficit for other plant species. Normally plants obtain their nutrients
from the soil either in dissolved form or as in the case of nitrogen, some species can absorb in
gaseous form. Nutrients circulate in the soil through soil organisms. In undisturbed natural
conditions, dead branches of trees break off and fall to the ground; and in cases when the whole
tree falls and decompose, the nutrients return back to the soil.
Through this continuous process plants help to maintain the nutrient status of the soil. Compared
to nitrogen fixing tree species plantations, Eucalyptus had a lower litter fall (Parrotta, 1999).
Annual litter fall is generally low during the early stages of crop establishment (Young, 1989).
There is evidence to suggest that after planting Eucalyptus on previously treeless sites, soil
fertility increases through development of mull humus (FAO, 1985). Demel Teketay (2000)
stated that very few comparative studies have been made in Ethiopia on soil nutrients among
plantations of different species, including Eucalyptus, and the adjacent natural forests
(Michelsenet al., 1993; Lisanework Nigatu & Michelsen, 1994; Michelsen et al., 1996; Betre
Alemu, 1998).
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5.2.2 Water (Hydrological) Consumption
Different measurements about the hydrological impact of fast growing plant species particularly
on eucalyptus analyzed by different researchers considering the physiology of the plant, the
rainfall of the area, the moisture content of the soil and the amount of water absorbed by specific
plant or tree conclude that eucalyptus does not have a unique negative impact (Davidson, 1990;
Calder et al., 1993; Anne, 1997). Calder et al (1993). They summarized from different articles
that young eucalyptus plantation does not show any difference for uptake of water in a dry area
up to 3 meter depth compared to indigenous plant species. In dry areas the water requirement of
eucalyptus and native species are proportional to the amount of rainfall the area receive. A
numbers of investigation shows that the water uses of forest (both indigenous and older
eucalyptus) are greater than that of crops in dry zones of India (Calder et al., 1993). This is true
for some crop species (Maize and Sorghum) in the Ethiopian case as interpreted by Getahun
(2010). However, Teshome (2009) stated these crops take more water than eucalyptus; both
Maize and Sorghum needs around 1000 liter of water to produce one kg of biomass. According
to Calder et al (1993) there is no evidence that proves eucalyptus take more water than any other
indigenous dry deciduous and exotic forest in India.
The negative impact of eucalyptus on the hydrology and nutrient content of the soil does not
outweigh its livelihood contributions (Ghoshet al., 1978; Zewude, 2008) from small scale
farmers’ point of view. Jha and Pande (1984) reported that the soil under eucalyptus maintain
higher moisture levels and helps to increase the PH of the area compared to the soil under natural
forest. However, Walter (1984) concludes based on a review of different studies that eucalyptus
creates water deficits in semi-arid areas with a minimum rainfall.
When stand age of eucalyptus increases the uptake of water also increases and as a consequence
the moisture content of the soil under mature stands is less compared to that under younger
stands, up to 250 m down in the soil.
Akhter et al (2005) wrote that the water use efficiency (WUE) of eucalyptus in dry areas is less
than that of acacia species. They did a test for WUE of both Acacia ampliceps and Eucalyptus
camnaldulensis grown for one year in a lysimeter and the result approved that A. ampliceps
could use the water 5 times more efficient than E camaldulensis in low moisture soil (less
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watered) (50%), 9 times more efficient in medium moisture soil (75%) and 12 times more
efficient in high moisture soil (well watered) (100%); WUE of eucalyptus compared to Acacia
decreases as moisture content of the soil decreases. According to Akhter (2005) although
eucalyptus produces more biomass it has less water use efficiency. But Poore and Fries, 1985;
Michelsen et al., 1996; Jagger and pender, 2000; Kidanu et al, 2004 stated that the WUE of
eucalyptus is higher than most tree species. Anne (1997) argues that eucalyptus causes streams
and rivers to dry and disturb the water balance by lowering the water table.
Teshome (2009) also concludes that eucalyptus does not consume more water than any tree
species and crops in Ethiopia; rather it is efficient in using moisture around roots and converts to
biomass. In a study in Ethiopia eucalyptus produced more biomass than coniferous and broad
leave tree species growing within the same amount of rainfall regime, for example, in Nekemt
area (Ethiopia) E.saligna and E.camaldulensis could produce 46.6 m3/ha/yr without affecting the
water reserve in an area with 2158 mm of rainfall, while conifers, broad leaves and acacia
produce lesser amount of biomass 16.4, 16.0 and 12.4 m3/ha/yr respectively (Davidson, 1989;
Teshome, 2009). These figures indicate the water use efficiency of eucalyptus species is
comparatively good with the biomass produced.
When the water consumption of eucalyptus is compared with different agricultural crops and tree
species the result found from different literature approve that eucalyptus consumes less water
(Calder 1992; Davidson, 1995; Tesfaye, 2009; Patil, 1995; Getahun, 2010). However others
(notably Zahid and Nawa, 2007; and Getahun, 2010) conclude that eucalyptus consumes more
water than other crops such as maize and woody species. Also, D.sissoo show a better water use
efficiency compared to eucalyptus. From the small scale farmers’ perspective the potential of
eucalyptus to produce higher biomass from as little water as possible is a concerning issue.
Farmers’ live in different agro ecological zones, for those living in high rainfall areas the main
concern may be maximum yield of trees whereas in low rainfall areas their main focus may also
be maximum biomass production but with minimum disturbance on the water consumption
without costing other important production. Basically water is necessary for all production, but
eucalyptus exploits the available water more efficiently to produce higher yield during short
period.
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The main problem comes when eucalyptus planted in large areas because of reducing the water
supply for other crops. On the other hand planting eucalyptus in small plots helps to minimize
the risk of competition for water.
5.2.3 Level of Nutrient Uptake
Another controversy of eucalyptus is its efficient nutrient uptake that gradually exhausts the soil
nutrient. Eucalyptus is a non-nitrogen fixing tree and does not have capacity to replace the
nitrogen it consumes like leguminous tree species. Compared to the natural forest, Eucalyptus
can potentially decrease the fertility of the soil (Teketay,2003); since nutrients are recycled in
natural forest, while eucalypt is harvested and nutrients removed. On the other hand an
investigation carried out in Kenya to compare the nutrient content of tea plantation and
eucalyptus showed that eucalyptus has high micro nutrient content compared to that of tea
plantation (Oballa and Langat, 2002; oballaet al, 2010). Modeling the nutrient cycling for any
forest type is not easy, since different environmental factors, like weathering of parent materials,
affects the replenishment of nutrients (Tesfaye, 2009).
The high and efficient nutrient uptake of eucalyptus is a debated environmental agenda all over
the world. Some researchers argued that eucalyptus does not consume more nutrients relative to
other tree species and crops (Tesfaye, 2009) but others (Wang et al, 1991; Kidanuet al, 2006).
Getahun (2010) stated that eucalyptus is not aggressive for the uptake of nutrient and water
compared to other plant species and crops. It is logical that fast growing species in general,
consume more nutrients and water to provide for the higher amount of biomass they produce. For
poor smallholders to grow eucalyptus may be a question of subsistence and survival particularly
for those that do not have an alternative.
In this case the question is about the tradeoffs between eucalyptus outputs and environmental
sustainability (Anne, 1997; Kidanu et al, 2006; Tesfaye, 2009; Zegeye, 2010).
Jagger and Pender (2000) found that for degraded land and waste land eucalyptus helps to
conserve the top soil of hill sides and improve the fertility (nutrient content) of the soil through
litter fall. Hence, planting of eucalyptus in degraded and non-fertile area (barren land) getting
trees to survive add both value and improve sustainability of the land. The negative impact of
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eucalyptus might be clearly visible if planted near the annual crops (competition for nutrients);
but the details of how much nutrients is depleted and how much organic matter contributed is not
clearly identified (Jagger and Pender, 2000). From their study in Ethiopian highland on Nitosol,
Kidanuet al (2004) found that the yield of crops like wheat (Triticumaestivum) show a significant
reduction within a distance of the first 8 m during the first rotation and within a distance of 16 m
during the second rotation of eucalyptus due to insufficient nutrient, light and water.
Similarly in India Saxena (1991) found a reduction in crop yield due to eucalyptus plantation
around crop fields and in those fields used for cultivation adjacent to eucalyptus woodlots. Most
farmers had destroyed their eucalyptus plantation after the first rotation and turned the land into
crop production since the benefits of eucalyptus was less compared to annual crops. In India
(Muzaffarnagar and Nainital, North west part) the loss of crop yield due to the effect of
eucalyptus start from the first two year after planting; 0% in crop yield during the first and
second year, 8.2% in the third year, 13.6% in the sixth year, 26.4% in the seventh and eighth year
and 48.8 % in the ninth and tenth year. The loss in crop yield was attributed the completion of
eucalyptus for nutrient, water and light (Ahimed, 1989; Saxena, 1991). Saxena (1991) noted that
the losses of crop depend on the spacing between rows (stem density), application of water and
other management regimes.
Some nutrient like potassium, phosphorus, calcium and magnesium will be returned to the soil
during the logging and post logging burns (Nobel, 1992; Davidson, 1995). These findings
highlight the importance of nutrient management during the cutting cycle of eucalyptus an
important aspect to be considered by the smallholders as they normally lack access to fertilizer.
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Table. 1 Ecological effects of eucalyptus tree
effect
Biomass production

Positive
Planting
fast
growing
eucalyptus may be one of the
best short term option for
provision of critically required
biomass
Effects on soils nutrients On degraded hillsides and
depletion and topsoil retention wastelands the net soil
nutrients
contribution
of
eucalyptus through leaf litters
is likely to be positive
Good potential for topsoil
retention on degraded hillsides
Allelopathic effects

Rainfall may decreases or
negate the allelophatic effects
of tree on crops

Hydrological impact

In region with erratic and
sever rainfall the ability to
take up large quantities of
water may reduce runoff
flooding and water logging
On previously barren slops
tree cover may reduce erosion
and gully formation caused by
rainfall
Resistance to pests pathogens Some species of eucalyptus
and random disturbance
have avoided attack from
some commonly observed
insects
pests
and
are
unpalatable to livestock
Some species are drought,
flood and fire resistant
(Yitabitu Moges,2003)
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Negative
Land scarcity may be a
constraint to wide-scale tree
planting however wasteland
and degraded land is in good
supply
Eucalyptus tree deplete soil
nutrient needed by agriculture
crops, however the spatial
magnitude of depletion is not
known
The ability of eucalyptus to
provide organic matter is
questionable.
Allelo chemicals negatively
influence
agriculture
production and are a more
significant factor in gry region
Eucalyptus may complete
water away from agriculture
crops decreasing agriculture
output as far as 10 meter away
from where tree are planted.
Wide scale hydrological
impacts are uncertain

Pests and pathogens may
migrate to unaffected regions
causing medium- term losses.
Non-palatability leaves to of
leaves to livestock are
problematic for farmer who
requires livestock fodder.

6. Materials and Methods
6.1 Description of the Study Area
This study was carried out at Addis Alem (Menagesha) eucalyptus plantation, located 50-km
southwest of Addis Ababa at 9O00′ N and 38O 35′ E, with altitude ranging between 2200 to
3000 m. The area consists of an isolated mountain surrounded by low lying plains. The soils at
higher altitudes are shallow and light brown with rocky substrate. At lower altitudes, the soils are
deep, reddish-brown and less gravelly (Tamrat 1993). The topography of the area is extremely
dissected, with alternating ridges and valleys dominating the landscape. The annual rainfall in
the area is estimated to be around 1225 mm and the mean monthly temperature ranges from 12 to
16OC.
Originally the natural communities of Addis Alem (Menagesha) consisted of Hypericumbelts,
Hagenia-Juniperus, Juniperus-Podocarpus and Podocarpus forest in descending order of
elevation (from 3500 m down to 2000 m). However, these forests had been under commercial
exploitation as early as the beginning of the 20th century, when the first sawmill was established
in the country (von Breitenbach & Koukol 1962). As a result, most of the forest was degraded or
destroyed due to over-exploitation of timber from the forest. Additionally, the encroachment of
agriculture to the forest land was observed.

Figure 2 geographical location map of the study area
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6.2 Reconnaissance Survey
A reconnaissance survey was made from March 1–7, 2017 (one week before the actual Data
collection) to obtain information on the general vegetation patterns of the study area. The data
collection was conducted from March 8–April 8, 2017. The study area is selected for data
collection in Addis Alem (Menagesha) Eucalyptus plantation.

6.3 Sampling Design
In this study a systematic sampling design is used to collect data on vegetation and
environmental variables. A total of 60 relives of size 20 m x 20 m (400 m2) were systematically
laid in north–south directions using Compass, GPS and the distance between consecutive plots
along the transect line was 300 m. Thirteen transects were laid at 500m distance from each other.
For the collection of herbaceous species, subplots of 2 m x 2 m (4 m2) at the four corners and the
center of the large relive were laid. These subplots were also used for seedling count.

6.4 Vegetation Data Collection
Plantation species
Six plantation stands comprising C. lusitanica (2 stands of different age), E. globulus, P, radiata,
P. patula and J. Procera and the adjacent natural forest were used for the study. The first four
species are exotic evergreen tree species while the last one is an indigenous coniferous species.
Except E. globules and C.Lusitanica (14-year old) stands, the other 4 plantation stands are
adjacent to one another. The species were chosen because of their popularity among the
plantation projects, their canopy structure/form and expected variation in floor characteristics.
Descriptions and other relevant information about these species can be found in the works of
Fichtl & Admasu (1994), Friis (1995) and von Breitenbach (1961).
In each plot, all of the naturally regenerated woody species were identified and counted. When
identification proved difficult in the field, specimens were collected for identification. The plants
were categorized as seedling (height ≤ 1.0 m), sapling (height between 1 and 3 m) and tree
(height > 3 m). The height (m) and collar diameter (diameter at the ground level) of seedlings
and saplings within the plot were measured using a meter marked stick and a caliper,
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respectively. Height, diameter at breast height (1.3 m) and percentage of crown cover of planted
overstore trees were measured. Hypsometer and caliper were used to measure height and
diameter, respectively. Additionally, aspect, altitude and litter depths were recorded on each plot.
For litter depth, 20 points per plot were measured. Nomenclature follows Cufodontis (1953,
1972), Edwards et al. (1995) Friis (1992) and Hedberg & Edwards (1989).
In each sampling plot all plant species will be collected. The cover abundance of plant species in
each plot was estimated. Diameter was measured for every individual tree and shrub species
having DBH (diameter at breast height) greater than 2.5 cm using a measuring diameter tape. If a
tree branched at breast height or below, the diameter is measure separately for the branches and
averaged. In case where tree/shrub boles buttressed, diameter measurements were taken from the
point just above the buttresses. Height was measured for every individual tree and shrub with
DBH greater than 2.5 cm using a Suunto Clinometer. Where slope, topography and/or crown
structure made it difficult to use the Clinometer, height of trees and shrubs will be visually
estimated.
To determine the regeneration status of woody species, seedling individuals with DBH less than
2.5 cm and height less than 1.5 m and samplings (individual with height greater than 1.5 m and
DBH less than 2.5 cm) were counted. Plant specimens were collected, pressed, dried, checked
and identified at the National Herbarium (ETH), Biology Department of the Addis Ababa
University. Identification of plant specimens was made using authenticated specimens,
consulting experts and referring the published volumes of Flora of Ethiopia and Eritrea.
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7. Vegetation Data Analysis
7.1 Plant Diversity Analysis
The Shannon-Wiener diversity index (H′) and Shannon evenness index (Krebs 1989) were used
to measure diversity of naturally regenerated indigenous woody species in the different
plantations and adjacent natural forests. Similarity index of understory regenerated native woody
species in the different stands was calculated using Jaccard’s Coefficient of Similarity (JCS)
(Krebs 1989). Similarity of the soil seed bank flora and the aboveground flora was compared
using JCS between average paired sample plots in which both seed banks and aboveground
species data were available. Variations in understory density of naturally regenerated indigenous
woody species among the different plantation stands were compared by calculating standard
deviation. To evaluate the population structure of naturally regenerated indigenous woody plants,
height class histograms were used.
For the analysis of vegetation diversity, woody species density and soil environmental factors the
individual Eucalyptus plantation stands were used to classify the plots in to three categories.
These are:
C1 (plots with less than 154 Eucalyptus stands),
C2 (plots consists of 154 to 199 eucalyptus stands) and
C3 (plots with greater than 199 Eucalyptus stands). Twenty plots were identified for each
category.
Shannon and Wiener (1949) index of species diversity is applied to quantify species diversity
and richness. This method is one of the most widely used approaches in measuring the diversity
of species. The Shannon-Wiener Diversity Index (H’) was computed using the following formula
and the result was cross checked by using PCORD Version 4.20 Statistical Software Package
(McCune and Mefford, 1999).
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H = -_ (Pi ln Pi) Where “H” is the Shannon and Wiener diversity index,
“Pi” is the ratio of a species average to the total species average and
“ln” is the natural logarism to base e (loge).
J = H/Hmax,
Where “J” is the species evenness,
“H” Shannon and Wiener diversity index and
“Hmax” is lnS, where S is the number of species.
Moreover, One-way ANOVA and LSD (Least Significant Difference) test is used to compare the
species diversity (H’) and species richness of each plot in the C1, C2 and C3 categories of
Eucalyptus plantation. Each major plot diversity index (H’) and species richness of the three
categories was considered as a replication. Similarity in species composition among the
Eucalyptus plantation categories was computed using Sorensen similarity index. It is used to
measure similarities among three categories.
Sorensen’s coefficient is calculated using the following formula. The coefficient values range
from 0 (complete dissimilarity) to 1 (total similarity) (Kent and Coker, 1992).
SC = 2a / (2a + b + c)
Where
a = number of species common to both categories,
b = number of species present in the first category and absent from the second and,
c = number of species present in the second category and absent from the first.
SPSS (2007) Version 15.0, computer program was used for calculating Pearson Correlation
Coefficient between species diversity, species richness and environmental factors and also to see
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the correlation between the density of Eucalyptus plantation and the density of naturally
regenerated woody species.

7.2 Structural Data Analysis
The tree/shrub species recorded in all the 60 relevés is uses in the analysis of the vegetation
structure. The tree/shrub density, diameter at breast height (DBH), height, frequency, basal area
and importance value index were used for description of vegetation structure.
Diameter at Breast Height (DBH): DBH measurement was taken at about 1.3 m from the
ground using a measuring diameter tape. This technique is easy, quick, in expensive and
relatively accurate. There is direct relationship between DBH and basal area. Basal area =
(DBH/2)2X 3.14
Density: Density is defined as the number of plants of a certain species per unit area. It is closely
related to abundance but more useful in estimating the importance of a species.
Frequency: The frequency of quadrates occupied by a given species. It is calculated with this
formula:
F = Number of plots in which a species occur X 100

Total number of plots
The frequencies of the tree/shrub species in all the 60 relives were computed. The higher the
frequency, the more important the plant is in the community. A better idea of the importance of a
species with the frequency can be obtained by comparing the frequency of occurrences of all of
the tree/shrub species present. The result is called the relative frequency and is given by the
formula:
R.F = Frequency of a species X 100

Total frequency of all species
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Although a high frequency value means that the plant is widely distributed through the study
area, the same is not necessarily true for a high abundance value. This abundance is not always
an indicator of the importance of a plant in a community.
Importance Value Index (IVI): Importance value index combines data for three parameters
(relative frequency, relative density and relative dominance). That is why ecologists consider it
as the most realistic aspect in vegetation study (Curtis and McIntosh, 1951). It is useful to
compare the ecological significance of species (Lamprecht, 1989).
From the data, the tree and shrub population structure of the naturally regenerated woody species
under Eucalyptus plantations will be computed. The population structures of selected tree/shrub
species were illustrated graphically. The seedlings and saplings data were used for the analysis of
regeneration status of woody species in Eucalyptus plantation.
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8. Result and Discussion
8.1 Vegetation Composition
A total of 68 plant species were recorded which belong to 55 genera and 32 families. Out of 68
identified species, 36.8% were herbs, 1.5% climbers, 4.4% liana, 36.8% shrubs, 8.8%
trees/shrubs and 11.8% were trees. Out of 55 identified genera and 32 families, 11.8 % were
Asteraceae, 8.8% Fabaceae, 7.4 % Lamiaceae, 5.9% Oleaceae, Poaceae, Rosaceae and
Rubiaceae, 4.4% Celastraceae and Flacourtiaceae, 2.9% Acanthaceae, Asparagaceae
Myrsinaceae and Verbenaceae, and the remaining families consist of 1.5% each (Table 1).
Asteraceae (8 Species) was the most dominant family. The most diverse genera were Trifolium
which was represented by four species, followed by Jasminum, MaytenusandSatureja; they were
represented by three species each; Asparagus, Conyza, Dovyalis and Pentas, (two species) and
the rest contained a single species each.
Table 2 List of family, number of species and proportion (%) in Addis Alem (Menagesha)
eucalyptus plantation

Family
Asteraceae
Fabaceae
Lamiaceae
Oleaceae
Poaceae
Rosaceae
Rubiaceae
Celastraceae
Flacourtiaceae
Acanthaceae
Asparagaceae
Myrsinaceae
Verbenaceae
Other families
Total

Number
species
8
6
5
4
4
4
4
3
3
2
2
2
2
19
68
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of Proportion
(%)
11.8
8.8
7.4
5.9
5.9
5.9
5.9
4.4
4.4
2.9
2.9
2.9
2.9
27.9
100

8.2 Diversity and similarity of regeneration under Eucalyptus plantation
Shannon-Wiener diversity index, species richness and species evenness, under the three
categories of Eucalyptus plantation stands in Addis Alem (Menagesha) eucalyptus plantation
showed considerable variation (Table 2).Magurran (1988) stated that the term diversity actually
consists of species richness and relative abundance (evenness or unevenness).
Therefore, the lowest Eucalyptus stands (< 154 individual stands of Eucalyptus plot or C1)
exhibited the highest mean values of Shannon species diversity (3.129), species richness (61) and
evenness (0.761), C2 (between 154 and 199 individual stands of Eucalyptus/plot) also exhibited
2.872 species diversity, species richness (58) and evenness (0.701) while the highest Eucalyptus
stands (>199 individual stands of Eucalyptus/plot or C3) exhibited the lowest mean values of
Shannon species diversity (2.653), species richness (45) and evenness (0.697). These results
indicate that C1 harbors larger number of species than the others. The one-way ANOVA
revealed that there was a significant difference in the species diversity (H’) between each plot of
C1 and C2, C1 and C3 while there was no significance difference between C2 and C3 (P < 0.05).
The species richness was also significantly different (P < 0.05) among the three categories of
Eucalyptus plantations. According to Kent and Coker (1992), the Shannon Weiner index was the
most frequently used for the combination of species richness and relative abundance.
A value of the index of Shannon-Weiner usually lies between 1.5 and 3.5 although in exceptional
case, the value can exceed 4.5 (Pielou, 1969). Thus, the value of Shannon - Wiener Diversity
Index of this study area falls between 2.653 and 3.129.
The mean species richness was lowest at C3 (45) while the species richness at C1 (61) was
highest of all the three categories. Mean evenness values (20 quadrates per category) ranged
from 0.697 in C3 to 0.761 in C1. At C1, species evenness was the highest (0.761) while the
evenness index at C3 was lowest of all the three categories (Table 2). Plantation stands that had
high Shannon-Wiener’s diversity indices contained high mean species richness. Therefore, the
less dense stands of Eucalyptus harbors more regenerated plant species than the high dense
stands of Eucalyptus. In agreement with this notion, Mulugeta Lemenih (2004) demonstrated the
effect of canopy cover and understory environment of tree plantations on undergrowth species
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richness, and concluded that stands of plantation species with open canopies could enhance more
native woody recolonization than stands with dense canopies in central Ethiopian highlands. In
fact, other site factors such as photo synthetically active radiation (PAR) reaching forest floor
could have a substantial impact on ground flora regeneration and recolonization in forest
plantations.
Table 3Shannon-weiner diversity index (H), species richness and species evenness, under
the three categories of eucalyptus plantation in Addis Alem (Menagesha) eucalyptus
plantation
Category codes

Shannon index(H)

Species richness(S)

Evenness(E)

C1

3.129

61

0.761

C2

2.827

58

0.701

C3

2.653

45

0.697

Where: C1<154 individual stands of eucalyptus
C2 between 154-199 individuals stands of eucalyptus
C3 >199 individuals stands of eucalyptus plots

Table 4 Sorensen similarity index among eucalyptus plantation in Addis Alem (Menagesha)
Category Codes

C1

C2

C1

1

C2

0.47

1

C3

0.46

0.44

C3

1

Highest similarity index was observed between the Eucalyptus plantation of C1 and C2. On the
other hand, C2 and C3 categories of Eucalyptus plantation showed relatively weak similarity

8.3 Variations in Density of Regenerated Indigenous (woody) Tree Species in
Eucalyptus Plantation
Out of a total of 68 plant species, 42 of them were woody plant species including eucalyptus the
woody species identified represented 34 genera and 26 families (Appendix2). However, a total of
41 naturally regenerated woody species were recorded in Addis Alem (Menagesha) eucalyptus
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plantation. The naturally regenerated woody species identified in eucalyptus plantation
represented 33 genera and 25 families. Out of all identified naturally regenerated woody species
in eucalyptus plantation, 7%lianas, 61% shrubs, 15% trees/shrubs and 17% were trees. The most
diverse genera were Jasminium and Maytenus, they were represented by three species and
followed by Asparagus, Dovyalis, Pentas and Satureja, (two species each) and the rest contained
asingle species each. The most diverse family was Oleaceae (9.8%), represented by four species
followed by Celastraceae, Flacourtiaceae, Lamiaceae and Rosaceae (7.3%),each with three
species.
A total density of 8122.9 individual stands/ha of all woody species (including seedlings, saplings
and matured trees and shrubs) were recorded from 60 sample plots (2.4 ha). The relative density
of Eucalyptus were (55.5%) (See appendix 2) .Eucalyptus was the most dominant and common
tree species in all sample plots of the study area. However, the number of naturally regenerated
woody species recorded under eucalyptus plantation in this study was relatively higher than the
number of species recorded under some of the exotic plantation species in Ethiopia. For example,
Feyera Senbeta and Demel Teketay (2001) recorded 37 species under E. globulus, E. saligna,
Pinuspatula and Cupressuslusitanicaon the central highlands of Ethiopia. The number of woody
species recorded in the Eucalyptus plantations at Entoto and Gibie valley, south western Ethiopia
was20 and 22 respectively. The total number of regenerated woody species at the present study
site (41 species) is very close to previous reports from Jirren forest, South-Western Ethiopia (40
species) (Getachew Tesfaye and Abyot Berhanu, 2006), but lower than the one recorded in
Munessa- Shashemene(55 species) (Feyera Senbeta et al., 2002).
The individual Eucalyptus plantation stands were used to classify the plots into three categories.
They are:
 C1 (plots with less than 154 individual stands of Eucalyptus),
 C2 (plots consists of 154 to 199 individual stands of Eucalyptus)
 And C3 (plots with greater than 199 individual stands of Eucalyptus).
20 plots were identified for each category (See appendix 3). Based on this the total density of
Eucalyptus in C1, C2 and C3 were 965.4 individuals ha-1, 1411.3 individuals ha-1 and 2130.8,
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individuals ha-1 while the total density of naturally regenerated woody species in C1, C2 and C3
were 1290.8 individuals ha-1, 1258.8 individuals ha-1 and 1065.8 individuals ha-1 respectively
(Figure 5). This trend showed the decrease in the density of naturally regenerated indigenous
woody species with an increase in the density of Eucalyptus. Pearson’s correlation was computed
to show the strength of the relationships between the density of Eucalyptus plantation and
density of naturally regenerated woody species, which has a strong negative correlation (r = 0.967 at P < 0.05).

Figure 3 Density distribution of naturally regenerated woody species and eucalyptus in
various categories

8.4 Vegetation structure
8.4.1 Density and Diameter at Breast-Height
Density of a given species is expressed as number of stems per hectare. The total density of
woody species with DBH >2.5 cm in AddisAlem (Menagesha) plantation including Eucalyptus
species was 3217.1 stems ha-1. In the in Addis Alem plantation, the highest density of species
was recorded for Eucalyptus globules Labill., which was 2285 individuals ha-1. The first highest
density of naturally regenerated woody species was contributed by Juniperus procera End.
(867.1 individuals ha-1) which was followed by Carissa spinarumL. that makes up 17.9
individuals ha-1. The least dense species in the Eucalyptus globules plantation were
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Dovyalisabyssinica (A. Rich.) Warb, Podocarpus falcatus (Thunb) Mirb and Maytenus gracilipes
(Welw.ex Oliv.) Exell each contributing only 0.4 individual’s ha-1. Generally, the total density
of naturally regenerated woody species was 932.1 individuals ha-1.
The relationship between tree and shrub diameter and density varied among species in
eucalyptus plantation. In the Eucalyptus plantation, lower diameter class (DBH = 2.6-17.5 cm)
was the dominant. The study showed that the relative density of trees and shrubs of _ 7.5 cm
diameter constituted 72.2%. The DBH structure of species can reveal the population dynamics.
With increase in diameter class, the number of trees and shrubs decreased in the eucalyptus
plantation (Table 4). Based on diameter class distribution and density, the effects of plantation on
the recruitment of different species can be inferred. High density of tree and shrub species in
different diameter classes means the eucalyptus plantation has less impact on the undergrowth of
the species, and vice versa. In the lower diameter class (2.6-7.5 cm) 14 species were recorded in
Eucalyptus plantation. As the diameter classes increase, the number of species decreases
considerably. Trees in the higher diameter class were few (Juniperus procera and Acacia
abyssinica) in the eucalyptus plantations.

However, these few large-sized trees could be

remnants from the previous natural forest vegetation in the area. They were also recorded in the
upper diameter class (> 42.5 cm).
Table 5 Relativity density and number of species in each diameter class in Eucalyptus
plantation
Diameter class
1
2
3
4
5
6
7
8
9

Relative density
72.2
20.8
4.4
1.3
0.5
0.2
0.2
0.2
0.2

Number of species
14
6
2
1
1
1
1
1
2

Where: (1) = 2.6-7.5, (2) = 7.6-12.5, (3) = 12.6-17.5, (4) = 17.6-22.5, (5) = 22.6-27.5, (6) =
27.6-32.5, (7) = 32.6-37.5, (8) = 37.6-42.5 and (9) = >42.5 cm.
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The ratio of density of individuals with DBH >10 cm to density >20 cm DBH showed the
distribution of size classes (Grubb et al., 1963). The densities of naturally regenerated woody
species in Eucalyptus globules plantation with DBH >10 cm and DBH >20 cm were 103.3
(11.1%) and 17.9(1.9%) individuals ha-1, respectively, and the ratio of the former to the latter
was 5.77 (Table 5). This ratio when compared to natural forests is much greater than the ratio
obtained for Jibat, Menagesha-Suba, Wof-Washa and Chilimo Afromontane forests of Ethiopia
(Tamirat Bekele, 1993). The ratio is also greater than the ratio obtained for Masha-Anderacha
Afromontane forest (KumelachewYeshitela and Taye Bekele, 2003) and Dindin Afromontane
forests of Ethiopia (Simon Shibru and Girma Balcha, 2004). More than 90% individuals of
naturally regenerated woody specie had height up to 10 m. About 87% of the individuals had
DBH of first DBH class (2.6- 7.5 cm). Density ratio of individuals >10 cm DBH to that of
individuals >20 cm DBH showed preponderance of small-sized individuals for some species
whereas comparable distribution for others in the plantation. The predominance of small-sized
individuals in the Addis Alem (Menagesha) Eucalyptus plantation was largely due to the high
density of Junipersprocera. Generally, the very high a/b ratio in the Addis Alem (Menagesha)
plantation indicates the predominance of small-sized individuals; this is the result of the recent
regeneration.
Table 6 Density of naturally regenerated indigenous woody species in Addis Alem
(Menagesha) forest
DBH(cm)

Density(stem)ha

percentage%

>10<20(a)

103.3

11.1

>20 b

17.9

1.9

<10

810.9

87

Ratio a and b =5.77
8.4.2 Height Distribution of Trees and Shrubs
Three canopy layers or stores are described based on the criteria of International Union for
Forestry Research Organization (IUFRO) classification scheme, which uses top tree height to
determine the vertical structure of the vegetation (Lamprecht, 1989). Accordingly, the lower
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story includes all trees that are one third of the height of the uppermost tree. The upper canopy
includes all trees that are more than two-thirds the height of highest tree, and the middle story
describes tree heights between one-third and two thirds of the highest tree.
In this study, the highest naturally regenerated tree species in Eucalyptus globules plantation was
Juniperus procera, which was 22 m. This species was used to determine the different stories.
Therefore, the lower story includes all individuals of species that are less than 7 m high, the
middle story includes all individuals that fall between 7 and 15 m, and the upper story includes
all individuals taller than 15m.
A total of 7721 individuals of all woody species have DBH >2.5 cm. Out of these 5484
individuals were Eucalyptus while the naturally regenerated woody species under these
Eucalyptus globules plantations were 2237 individuals. The majority of naturally regenerated
woody species individuals are confined to the lower canopy (89.2%), about 10.6% individuals
contribute to the middle canopy while very few individuals contribute to the highest canopy
(0.2%). The ratio of stems per species is very high in the lower story (63.9) showing the
predominance of shorter high individuals of naturally regenerated woody species in the
Eucalyptus globules plantations. In general, the densities of naturally regenerated woody species
in lower, middle and upper story was found to be 831 individual’s ha-1, 99 individuals ha-1 and
2.1 individuals ha-1 respectively.
Table 7 Stem number ha-1 species number and ratio of stem/ha to species number by story
story

stem(ha)

%

species No.

%

Ratio

upper

2.1

0.2

1

5.3

2.1

Middle

99

10.6

5

26.3

19.8

Lower

831

89.2

13

68.4

63.9

Total

932.1

100

8.4.3 Frequency
The frequency gives an approximate indication of the homogeneity and heterogeneity of a stand.
Lamprecht (1989) pointed out that high value in higher frequency and low value in lower
frequency classes indicate constant or similar species composition whereas high value in lower
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frequency classes and low values in higher frequency classes indicate high degree of floristic
heterogeneity. According to their total frequency expressed as percentage, species were grouped
into the following five frequency classes: A = 81 – 100, B = 61 – 80, C = 41 – 60, D = 21 – 40, E
= 0 – 20 %.
Only Juniperusprocera belongs to the frequency class A. No other species belong to frequency
class B, C and D. On the other hand, the lower frequency classes comprised all the remaining
species.

Acacia

Dovyalisabyssinica,
Maytenusarbutifolia,

abyssinica,
Podocarpus

Ekebergiacapensis,
falcatus,

Oliniarochetiana,

Prunusafricana,

Carissa

spinarum,

Maytenusgracilipes,

Premnaschimperi,
Maesalanceolata,

Rosaabyssinica

and

Bersamaabyssinica belong to frequency class E.

Figure.4 the most highly regenerated indigenous woody species was Junipers procera
In the present study high values (high number of species) were obtained in lower frequency
classes whereas low values (low number of species) were obtained in higher frequency classes
(Figure 6). Therefore according to the above interpretation it is possible to conclude that there
exists floristic heterogeneity in the Addis Alem eucalyptus plantation. The species that appear in
the lower frequency classes have irregular occurrence whereas those appearing in higher classes
have regular horizontal distribution. A similar result was reported by Simon Shibru and Girma
Balcha (2004) from Dindin natural forest.
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8.4.4 Basal area
The basal area of all naturally regenerated woody species in Addis Alem (Menagsha) Eucalyptus
globules plantation as calculated from DBH data is found to be 4.9 m2/ha. Block diagrams
depicting frequency distribution of trees and shrubs among DBH classes are presented in most of
the naturally regenerated woody species are small sized as shown by the peak in basal area in the
lowest DBH classes. Individuals that belong to higher DBH classes are few in number, but their
contribution to the total basal area is significant. The normal basal area value for virgin tropical
forests in Africa is 23 – 37 m2/ha (Dawkins,1959; cited in Lamprecht, 1989).
Thus the total basal area value of naturally regenerated woody species in Addis Alem Eucalyptus
globules plantation is very low. This comparison may indicate that Addis Alem Eucalyptus
globules plantation is composed of relatively very smaller sized naturally regenerated woody
species.

Figure 5 Basal area distribution of naturally regenerated woody species by DBH classes in
Addis Alem (Menagesha) forest
The basal area and density distribution of five species, selected based on the basis of a high
Importance Value Index (IVI) is shown in Table 8. Among the naturally regenerated woody
species most area of the sample plots were occupied by Junipers procera.
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Junipers procera took the biggest share in the percentage contribution of basal area (95.16%) in
this Eucalyptus globules plantation. Other large trees in this forest such as Acacia abyssinica
(2.63%) together with Junipers procera contributed 97.79% of the total basal area. Juniperus
procera had an overriding dominance in terms of basal area and IVI. This result may indicate
that Juniperus procera is eco-friendly and competent with E. globules.
Some species with low density, low IVI and low frequency ranked among the top in case of basal
area. An example is Acacia abyssinica, which could be attributed to the few but very large trees.
Species with the highest basal area do not necessarily have the highest density, indicating size
difference between species. Acacia abyssinica represented by few individuals but with high
contribution to the overall basal area of the forest. Carissaspinarum, Maesalanceolata and
Maytenus arbutifolia were denser than Acacia abyssinica but with low contribution to basal area.
Table 8 Basal area density, IVI and frequency value for five most dominate species other
than eucalyptus
Species

BA/ha

Relative BA

Density

IVI

Frequency

J.procera

4.634

95.16

867.1

245.2

98.33

A.abyssinica

0.128

2.63

2.5

7

6.67

C.spinarum

0.019

0.39

17.9

8.1

10.00

M.lanceolata

0.019

0.39

4.6

4.8

6.67

M.arbutifolia

0.018

0.38

13.8

9.6

13.33

As the basal area provides a better measure of the relative importance of the species than simple
stem count (Cain and Castro, 1959; cited in Tamrat Bekele, 1994), species with the largest
contribution in basal area can be considered as the most important woody species in the forest.
Accordingly, the most important species in Addis Alem Eucalyptus plantations were J. procera,
A. abyssinica, C. spinarum, M. lanceolata and M.arbutifoliaHigh density and high frequency
coupled with high basal area indicate the overall dominant species of the forest (Lamprecht,
1989). Accordingly, J. procerawas the primary dominant species in Addis Alem
Eucalyptusglobules plantation. On the other hand, high density and high frequency indicate
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regular horizontal distribution. J. procerawas one of the species with such type of distribution.
High density, low frequency and low dominance are typical for understory species that occur in
clusters. These species include C. spinarum, M. arbutifoliaandOliniarochetiana. Some species
with low density, low frequency and low dominance were Dovyalis abyssinica, Podocarpus
falcatus and Maytenusgracilipes. Generally, these result indicated that there is a good natural
regeneration of Juniperus procera within the Eucalyptus plantation.
8.4.5 Important Value Index (IVI)
Importance value index combines data for three parameters (relative density, relative frequency
and relative dominance). That is why ecologists consider it as the most realistic aspect in
vegetation study (Curtis and McIntosh, 1951). They stated that species with the greatest
importance value are the leading dominants of the forest. It is also useful to compare the
ecological significance of species (Lamprecht, 1989). The importance value index for naturally
regenerated woody species in Addis Alem Eucalyptus globules plantation is shown in Table 8.
Juniperusprocera

(245.2),

Maytenus

arbutifolia

(9.6),Carissas

pinarum

(8.1)

and

Oliniarochetiana (7.4), all got IVI value above 7.0. They all summed up to give 270.3 IVI value
(92.4%).
The reason why Junipers procera produced the highest IVI value is that it has the highest
relative density, relative frequency and relative dominance. These results may suggest that E.
globules plantation may not have a negative effect on Junipers procera. High IVI value indicates
that the species sociological structure in the community is high.
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Table 9 Important value index of tree and shrubs species in Addis Alem (Menagesha)
eucalyptus plantation
No Species

Relative

Relative

Relative

density

dominance

frequency

(%)

(%)

(%)

IVI

1

Juniperusprocera

93.02

94.9

57.3

245.2

2

Maytenusarbutifolia(A.Rich.) Wilczek

1.48

0.3

7.8

9.6

3

Carissa spinarum

1.92

0.4

5.8

8.1

4

OliniarochetianaA.Juss.

1.12

0.5

5.8

7.4

5

Acacia abyssinicaHochst.exBenth

0.27

2.8

3.9

7.0

6

Rosa abyssinica Lindley

0.89

0.2

5.8

6.9

7

MaesalanceolataForssk

0.49

0.4

3.9

4.8

8

PrunusAfricana(Hook.F.) Kalkm

0.31

0.3

1.9

2.5

9

Premnaschimperi Engl.

0.13

0.1

1.9

2.1

10

BersamaabyssinicaFresen

0.09

0.1

1.9

2.1

11

EkebergiacapensisSparrm.

0.13

0

1

1.1

12

Dovyalisabyssinica(A.Rich.)Warb

0.04

0

1

1.1

13

Podocarpusfalcatus(Thunb) Mirb

0.04

0

1

1.0

14

Maytenusgracilipes(Welw.exOliv.)Exell 0.04

0

1

1.0

The IVI classes for the fourteen common naturally regenerated woody species and the list of
species under each IVI conservation priority classes are presented in Tables 9 and 10
respectively.
The classification of the fourteen common species under conservation priority classes revealed
that 1 species and 13 species belong to class 1 and 4, respectively. None of the common species
belong to class 2, 3 and 5 for both classification criteria.
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Table.10 IVI classes and the number of species belonged to reach class
IVI class and value

No.

Sum

of Percentage

species

IVI

5(<1)

0

0

0

4(1-10)

13

54.6

18

3(10.1-20)

0

0

0

2(20.1-30)

0

0

0

1(>30)

1

245.2

82

About 82% of the IVI is contributed by Junipers procera. This species is abundant, frequent and
dominant in the Eucalyptus globules plantation. The remaining percentage was shared among the
other species. The criteria for classifying species under conservation priority placed the majority
of the naturally regenerated woody species under priority class 4; this means that, although they
appeared to be common species, their IVI showed highly insufficient stock in this Eucalyptus
globules plantation compared to Junipers procera. According to this classification, those
individual species falling in IVI priority class four have insufficient stocks and are recommended
for conservation priority.
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Table.11 list of species under each IVI priority class
Priority List
5

4

3

2

1

Nil

Nil

Nil

Nil

Junipers
Procera

Acacia abyssinica
Bersamaabyssinica
Carissa spinarum
Dovyalisabyssinica
Ekebergiacapensis
MaesaLanceolata
Maytenusarbutifolia
Maytenusgracilipes
Oliniarochetiana
Podocarpusfalcatus
Premnaschimperi
Prunus Africana
Rosa abyssinica

8.5 Species Population Structure
The density distribution of individuals in the various sizeclasses was not equal in Addis Alem
(Menagesha) Eucalyptus globules plantations, but showed more or less uniform trend of decline
(Figure 8). The number of individuals decreased as DBH classes increased up to the last DBH
class (9th). This relatively regular distribution of individuals indicated that the population
structure was a reversed J-shape. The population structures of some natural forests of Ethiopia
such as Chilimo, Entoto, Wof-Washa, and Jibat have also been shown to follow the same pattern
(Tamrat Bekele, 1994) and Dindin (Simon Shibru and Girma Balcha, 2004), and other forest
species of Ethiopia have shown more or less uniform trend of decline and their relatively regular
distribution of individuals indicated that the population structure was a reversed J-shape.
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However, several forests such as Masha-Anderacha (Kumelachew Yeshitela and Taye Bekele,
2003) and other forest species of Ethiopia have shown variation in their population structure; for
example, some with little or no recruitment at middle or larger DBH classes implying hampered
regeneration as a result of disturbance i.e. deviated from normal reversed J-shape distribution.
About 96.9% of the density was distributed in the diameter classes between 1 (2.6 cm) and 3 (17
cm), indicating the predominance of small-sized individuals in the Eucalyptus globules
plantation. This could be attributed to high rate of regeneration but poor recruitment in the
Eucalyptus globules plantation, which might have been caused by over exploitation of largesized individuals. The presence of small-sized individuals in Eucalyptus globules plantation acts
as a reserve for replacing the losses of larger-sized individuals. Population structures of trees and
shrubs have significant implications to their management, sustainable use, and conservation.

Figure 6 Tree/ Shrub density distribution by DBH classes in Addis Alem eucalyptus
plantation
Where: - (1) = 2.6-7.5, (2) = 7.6-12.5, (3) = 12.6-17.5, (4) = 17.6-22.5,(5) = 22.6- 27.5, (6) =
27.6-32.5, (7) = 32.6-37.5, (8) = 37.6-42.5 and (9) = > 42.5 cm.
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Similar to the density distribution of DBH classes, the density distribution of height classes of
trees and shrubs in Addis Alem Eucalyptus globules plantation was not uniform (Figure 9). The
number of individuals decreased as height classes increased.

Figure 7 Tree/ Shrub density distribution by height classes in Addis Alem Eucalyptus
plantation
Where: (1) = 1.5-6, (2) = 6.1-9, (3) = 9.1-12, (4) = 12.1-15, (5) = 15.1-18,(6) = 18.1-21, (7) =
21.1-24, (8) = 24.1-27, (9) = 27.1-30 and (10) = > 30 m.
Generally, four patterns of population structure of woody species occurring in Addis Alem
Eucalyptus globules plantations were analyzed. The analysis was expressed in density of
individuals against the already established DBH classes. The emerging population structure of
the various species could be interpreted as an indication of variation in population dynamics in
the given forest (Popma et al., 1988). Based on the aforementioned facts, four general patterns of
population structures were recognized from the selected species of the Eucalyptus globules
plantations.
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The first pattern (Figure 10a) was formed by species with positively skewed distribution
(inverted J- curve). These species had the highest density in the lower DBH classes with decrease
in density towards the bigger classes, which suggests good reproduction and recruitment
potential in the forest. Junipers procera had such type of pattern.
The second pattern (Figure 10b) was exhibited by species with individuals represented only in
the first DBH class (2.6 cm -7.5 cm). These species exhibited good reproduction but very bad
recruitment.
One of the possible reasons for the discontinuity in this type of structure could be the local
disturbance (natural as well as human). This is particularly true for Ekebergiacapensis
Sparrm,Podocarpusfalcatus(Thunb)

Mirb.,Dovyalisabyssinica(A.

Rich.)

Warb,

Carissa

spinarumL.,Maytenusarbutifolia(A. Rich.)Wilczek, Maytenusgracilipes(Welw. ex Oliv.)Exell,
Rosa abyssinicaLindley and Bersamaa byssinica Fresen. They were highly affected by the
disturbance in the plantation. On the other hand the low stocking level of mature trees and shrubs
confirmed that the forest has been affected by collection of fuel wood, for household
consumption, for sale and felling trees for construction poles.
The third pattern (Figure 10c) was exhibited by species with individuals well represented in the
first, second and in some of them in the third DBH classes. These species exhibited very good
reproduction but very poor recruitment. This pattern is exemplified by species like
MaesalanceolataForssk.,Prunusafricana(Hook.

F.)

Kalkm.

Premnaschimperi

Engl.

and

OliniarochetianaA.Juss.
The fourth pattern (Figure 10d) is a pattern where few individuals are represented in the first,
second and the last DBH classes, while being absent in the other classes. It might be possible to
assume that such patterns are characterized by good reproduction, selective cutting of the
medium sized individuals and poor recruitment. Only one species, Acacia abyssinica, belongs to
this type.
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Figure 8 Representative patterns of species population in Addis Alem (Menagesha)
eucalyptus plantation
Where: (1)=2.6-7.5,(2)=7.6-12.5,(3)=12.6-17.5,(4)=17.6-22.5,(5)=22.6-27.5(6)=27.632.5,(7)32.6-37.5,(8)37.6-42.5 and (9)=>42.5 cm
Analysis of the population structure of the tree and shrub species can be summarized into two
groups (Table 11). The first group includes those species whose reproduction is good but
recruitment is hampered. The second group includes those species whose reproduction as well as
recruitment is good. Hence, all species in the first group should accord the top priority for
conservation measures.
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Table 12 List of species according to population structure grouping
Group 1

Group 2

Acacia abyssinica

Juniperusprocera

Bersamaabyssinica
Carissa spinarum
Dovyalisabyssinica
Ekebergiacapensis
Maesalanceolata
Maytenusarbutifolia
Maytenusgracilipes
Oliniarochetiana
Podocarpusfalcatus
Premnaschimperi
Prunusafricana
Rosa abyssinica

8.6 Regeneration Statues of Woody Species: Composition Density of Seedling
and Saplings
Composition and density of seedlings and saplings would indicate the status of regeneration in
the study area. Information on the regeneration status of 41 naturally regenerated woody species
occurring in Addis Alem Eucalyptus globules plantation is presented in Appendix 4, together
with the information on population structure. A total of 39 species were represented in the
seedling class, representing 32 genera and 24 families. The total seedling density of naturally
regenerated woody species was 1172 individuals’ ha-1. The sapling class was composed of 28
species representing 25 genera and 21 families. The total sapling density of naturally regenerated
woody species was 1512 individuals’ ha-1. A total of 14 woody species were represented in the
mature tree/shrubclass, representing 13 genera and 12 families. The total mature tree and shrub
density was 932.1 individuals ha -1.
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The ratio of woody species seedlings to mature tree/shrub (1.26:1) and seedlings to saplings
(0.78:1) and saplings to mature tree/shrub (1.62:1) showed the distribution of more sapling
population than that of seedling and mature tree/shrub. The less seedling population compared to
that of sapling population implying the perishing of most seedlings before reaching sapling stage.
Seedlings are more vulnerable to environmental hazards and biotic factors especially at the early
stages of seedling establishment. Potential causes of seedling mortality include abiotic stresses
such as shade, drought and trampling, and biotic influences such as herbivore, disease or root
competition (Demel Teketay, 1997).
To use the regeneration analysis for priority setting, the species considered in the forest were
classified into three groups based upon the seedling density ha-1 (Table 12).Accordingly, those
species having seedlings density ha-1 between 0 and 5 were grouped under class 1; others whose
seedlings density ha-1 greater than 5 but less than 50.1 were grouped under class 2, and those
species having seedlings density ha-1 greater than 50.1were grouped under class 3. For the sake
of conservation endeavors, those species under class 1 and class 2 are recommended to be given
the highest priority. The results showed gaps between the floristic composition of the mature
stand and the regeneration. There were most seedlings and/or saplings that lacked mature woody
species. This might suggest that there was over exploitations of mature individuals. The
composition, distribution and density of seedlings and saplings indicate the future status of the
forest. Therefore, further studies and continuous monitoring of the natural regeneration in the
Addis Alem (menagesha) Eucalyptus globules plantation is required, particularly the status of
soil seed banks has to be investigated to know whether or not regeneration potential, other than
seedlings and saplings, exist.
The plantations have been and continue to be subjected to natural and human-induced
disturbances, which resulted in their degradation or complete destruction. The loss of forest
results in soil erosion, land degradation, loss of biodiversity and impoverishment of ecosystems.
In most of the woody plants in dry Afromontane forests the lack of persistent soil seed banks
affect the formation of populations of seedlings on the forest floor (DemelandGranstrom, 1995).
Conservation of this plantation site is not only restoring woody species but also rehabilitating the
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degraded land and allowing germination and successful growth of seedlings to mature
individuals.
Table 13 List of species under generation statues group
Regeneration statues
Class 1

Class 2

Class 3

Acacia abyssinica

Asparagus

Carissa spinarum

africanus
Clutialanceolata

Asparagus setaceus Jasminumgrandiflorum

Dovyalisabyssinica

Bersamaabyssinica

Juniperusprocera

Dovyalisverrucosa

Clerododendrumsp

Maytenusarbutifolia

Erica arborea

Ekebergiacapensis

MaytenussenegalensisOleaeuropaeasubsp.cuspidata

Jasminumabyssinicum Jasminumstans
Lippiaadoensis

Laggeratomentosa

Maytenusgracilipes

Maesalanceolata

Nuxiacongesta

Myrsineafricana

Pentaslanceolata

Oliniarochetiana

Pentasschimperiana

Osyrisquadripartita

Podocarpusfalcatus

Prunusafricana

Premnaschimperi

Saturejapunctata

Rhamnusstaddo

Sidatenuicarpa

Rhus vulgaris

Vernoniafiligera

Rosa abyssinica

Rubusapetalus
Saturejaimbricata
Scolopiatheiofolia
Smilax aspera
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8.7 Soil and environmental factor
Plants require nutrients in order to grow, develop and complete their life cycle. Research has
shown that there are elements that are necessary for most plants to grow and develop properly.
Among all these elements only nine elements are used in relatively large quantities and they are
referred to as major elements or macronutrients. Carbon, hydrogen and oxygen are obtained
mainly from the air and water. Three elements namely nitrogen, phosphorus and potassium are
considered as the primary macronutrients because they are used in relatively large quantities by
plants and are the elements most often deficient in soils; whereas calcium, magnesium and
sulphur are classified as secondary macronutrients. They are used in fairly large quantities by
plants, but are less often deficient in soils (Poritchett& Fisher, 1987).
Very few comparative studies have been made on soil nutrient status of exotic plant plantations
including Eucalyptus and adjacent natural forests in Ethiopia, among others Michelsenet al.,
1993 & 1996 and Betre Alemu, 1998. Michelsenet al. (1993) provided empirical evidence for
soil nutrient depletion of Cupressuslusitanicaand E. globulusby comparing with that of the
indigenous J. proceraand natural forest soils the study result showed that soils of C.
lusitanicaand E. globuluswere generally found to have the lowest nutrient content, mainly low in
phosphorus and nitrogen. Michelsenet al. (1996) comparative study on soil fertility between
plantations and adjacent natural forests in the Ethiopian highlands result showed that the soil
characteristics of the natural forests differed from the plantations (E. globulus, E. grandis, E.
saligna, Cupressuslusitanica,andPinuspatula). The overall result indicated that natural forest soil
had higher content of total N, available P and exchangeable Ca than the plantation forests. Betre
Alemu (1998) comparative study of soil nutrient status result revealed that plantation stands
(E.globulus, E. grandis, E. saligna, Pinuspatulaand C. lusitanica) had significantly lower pH,
total nitrogen, organic matter, exchangeable calcium and magnesium than the adjacent natural
forest.
The three categories of Eucalyptus plantations did not show any statistical significant (P < 0.05)
impact on soil chemical properties such as moisture content, pH, exchangeable Na, exchangeable
K, exchangeable Ca, exchangeable Mg, Cat ion exchange capacity, organic carbon, total
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nitrogen, available P and available K. The current study was carried out in uniform ecology and
in the area where Eucalyptus is a dominant species.
This might have resulted in the soil test analyses that do not have a significant difference among
the three categories of Eucalyptus globules plantations.
However, the soil test analysis result in this study indicated that there was mean difference in the
soil chemical properties among the three categories of E. globules plantations (Table 13).
A study showed that when Eucalyptus was planted mixed with Acacia the concentration of N in
the soil and Eucalyptus leaves increased (Noble and Randall, 1998). This may suggest that when
there is much naturally regenerated vegetation in E. globules plantation the soil fertility may not
be affected.
Table 14 Mean values of soil environmental variables and three categories of Eucalyptus
plantations
Parameter
C1
Moistuercontent(%)
pH(1:2.5)H2O
Exchangeable
Na
(meq/100gm of soil)
Exchangeable K
(meq/100gm of soil)
Exchangeable Ca
(meq/100gm of soil)
Exchangeable Mg
(meq/100gm of soil)
CEC (meq/100gm of soil)
Organic Carbon (%)
Total N (%)
Available P (mg/kg
soil)
Available K (mg/kg
soil)

Category
4.565 ± 0.204 a
4.739 ± 0.095 a
0.247 ± 0.014 a

C2
4.416 ± 0.275 a
4.739 ± 0.095 a
0.254 ± 0.131 a

P in ANOVA
C3
4.630 ± 0.236 a
4.510 ± 0.064 a
0.227 ± 0.010 a

0.813
0.155
0.297

0.892 ± 0.075 a

1.073 ± 0.101 a

1.031 ± 0.731 a

0.283

12.190 ± 1.230a

11.530 ± 1.088a

9.675 ± 0.840 a

0.232

6.422 ± 0.959 a

5.854 ± 0.396 a

6.028 ± 0.405 a

0.815

37.185 ± 2.467a
3.161 ± 0.154 a
0.223 ± 0.011 a
2.874 ± 0.675 a

36.156 ± 3.031a
3.058 ± 0.193 a
0.235 ± 0.011 a
2.860 ± 0.399 a

37.592 ±2.400 a
2.988 ± 0.163 a
0.211 ± 0.014 a
4.661 ± 1.256 a

0.925
0.772
0.36
0.239

351.885 ±30.859 a

427.032 ±39.911 a

420.120 ±32.124 a

0.244

Note: Means and standard error (±SE) with the same letters are not significantly different
at P = 0.05.(Demel Teketay,2006)
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8.7.1 Environmental factors and species diversity and richness
The output of person’s correlation coefficient showed that the trend of correlation of species
diversity, species richness and environmental factors (such as total N, available P, available K,
exchangeable Ca and exchangeable Mg) under the three categories of Eucalyptus plantations.
Species diversity has a significant (P < 0.05) positive correlation with altitude (r = 0.558) in C1
Eucalyptus globules plantation while in C2 and
C3, species diversity have a weak positive correlation with altitude. On the other hand, species
richness has weak positive correlation with altitude in C1 Eucalyptus globules plantation while
in C2 and C3, species richness have a weak negative correlation with altitude.
The major soil nutrients for plant growth, namely, Nitrogen (N), Phosphorus (P), Potassium (K),
Calcium (Ca) and Magnesium (Mg) have no significant correlation with species diversity and
species richness in the three categories of Eucalyptus globules plantations. Soil pH has
significant negative correlation with altitude in all categories of C1 (r = -0.551, at P < 0.05), C2
(r = -0.462, at P < 0.05) and C3 (r = -0.600, at P < 0.01). Even if there was no significance
difference of pH among the three categories of Eucalyptus globules plantations, there were mean
value differences in soil analysis. For example, the mean values of C1, C2 and C3 were 4.739,
4.675 and 4.51 respectively. Lowest soil pH mean value indicated that relatively soil acidity was
highest in C3 Eucalyptus globules plantation than C1. Soil pH has an indirect effect on plant
growth. Donahue et al. (1983) showed that nutrient solubility, organic matter decomposition and
some physical properties of soil are affected by soil pH.
The soil pH decreases with increasing Eucalyptus globules plantations and as a result the soil
acidity increases with increasing Eucalyptus globules plantations and this might affect the
chemical reaction between plant roots and nutrients, the availability of nutrients in the soil for
plant use, and microbial activity. These might be the possible reasons for declining of species
richness and diversity within the highest Eucalyptus globules plantations.
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Evans (1992), concluded that there is little evidence to suggest any consistent effect of tree
plantation on soil acidity in the tropics. In addition to this, the increasing of Eucalyptus globules
plantations may increase the allelopathic effects on undergrowth vegetation diversity and species
richness. Del Moral and Muller (1969) and Espinosa- Garcia (1996) pointed out that a reduction
in community diversity in the presence of some Eucalyptus species such as E. globulushas been
attributed to the tree's allelopathic effects and impact on nutrient cycling.
The analysis of variance also showed significant (P < 0.05) difference among the three categories
in relation to species richness and species diversity.
Table 15 Summary of ANOVA for species richness, diversity and altitude
Treatment

Source of Variation

Sum of squares df

Mean Square

F

Sig.

Species

Between groups

922.033

5

461.017

32.215

0.000

richness

within group

815.700

57

14.311

total

1737.733

59

Species

Between groups

2.710

2

1.355

17.161

0.000

Diversity

within group

4.500

57

0.079

total

7.209

59

Between groups

10940.9

2

5470.467

0.931

0.400

within group

334795.000

57

5873.596

total

345735.933

59

Altitude
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9. Conclusion and Recommendation
9.1 Conclusion
From the study of vegetation composition of Addis Alem (Menagesha) forest, 68 species of
plants belonging to 32 families and 55 genera were identified. Asteraceae (8 species) was the
most dominant family. Out of a total of 68 plant species, 42 of them were woody plant species
including Eucalyptus globulus. However, a total of 41 naturally regenerated woody species were
recorded in Addis Alem (Menagesha) Eucalyptus globules plantation. The naturally regenerated
woody species identified in Eucalyptus globules plantation represented 33 genera and 25
families.
For the analysis of vegetation diversity, woody species density and soil environmental factors,
the individual Eucalyptus globules plantation stands was used to classify the plots in to three
categories. These are C1 (plots with less than 154 E. globules stands), C2 (plots consists of 154
to 199 E. globulusstands) and C3 (plots with greater than 199 E.globulus stands). Twenty plots
were identified for each category. The species diversity was significantly different (P < 0.05)
between C1 and C2, as well as between C1 and C3 while there was no significance difference
between C2 and C3 of Eucalyptus globules plantations. The species richness was also
significantly different (P < 0.05) among the three categories of Eucalyptus globules plantations.
Therefore, species diversity and species richness is highest in C1 (in the lowest Eucalyptus
globules stands) while species diversity and species richness is lowest in C3 (in the highest
Eucalyptus globules stands). The species diversity and species richness increased with the
decreasing in Eucalyptus globules stands and vice versa.
The densities of naturally regenerated woody species showed a decreasing trend with the
increase in the density of Eucalyptus globules plantation and vice versa. Therefore, the density of
Eucalyptus globules plantations was negatively correlated with the density of naturally
regenerated woody species. The density of naturally regenerated woody species in Addis Alem
(Mengesha) Eucalyptus globules plantation decreased with increasing DBH and Height Classes.
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The Addis Alem (Menagesha) Eucalyptus plantation is characterized by high density of naturally
regenerated woody species in the lower class than in the higher. Thus, the naturally regenerated
woody species are in a good state of regeneration.
Three layers were identified from the study of vertical stratification of Addis Alem (Menagesha)
Eucalyptus globules plantations (the upper, the middle and the lower story). The tree in the
upperlayer was Juniperusprocera. In AddisAlem(Menagesha) Eucalyptus globules plantations
there was highvalue (high number of species) in lower frequency classes and low values (low
number ofspecies) in higher frequency classes indicate high degree of floristic heterogeneity.
Juniperusprocera had an overriding dominance in terms of basal area and IVI. This result may
indicate that Juniperusprocerais eco-friendly and competent with E. globules plantations. The
naturally regenerated woody species population structure showed different dynamics. Most
species have high population in the lower DBH and Height classes. Only Juniperus procera
occurs in all DBH and Height classes showing variation in population size in Addis Alem
(Menagesha) Eucalyptus plantations. The regeneration status showed that there is a good state of
regeneration in Addis Alem (Menagesha) Eucalyptus plantations.
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9.2 Recommendation
This research result gives a clue for further investigation to have a full picture on the interaction
between Eucalyptus and naturally regenerated woody species. Therefore, to conserve naturally
regenerated woody species in Eucalyptus plantations appropriate management strategy is vital.
For example, Silvicultural practices such as thinning in densely Eucalyptus plantations should be
practiced to allow light to reach the ground and to encourage natural regeneration of woody
species.
 Conservation and management activities should be immediately implemented to protect
the most threatened and the most economically important species like, Podocarpus
falcutus, from its local extinction.
 It would be advisable to initiate further research related to the allelopathic effects of more
and less dense of Eucalyptus plantations on the naturally regenerated woody species.
 To decide an optimum number of Eucalyptus plantation per unit area spacing research
has to be initiated, also eucalyptus shall be plant on highly degraded land and sloppy
topographic area not agricultural land.
 The status of soil seed bank has to be investigated to know whether or not regeneration
potential, other than seedlings and saplings, exist.
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11. Appendices
Appendix 1: List of all plants species, family and growth habit recorded from Addis Alem
(Menagesha) area eucalyptus plantation.
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Appendex.2 List for woody species, families and density recorded from Addis Alem
(Menagesha) area Eucalyptus plantation.
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Appendix.3a: Density/ha of Eucalyptus plantations and naturally regenerated woody
species in category 1.
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Appendix. 3b Density/ha of Eucalyptus plantations and naturally regenerated woody
species in category 2.
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Appendix 3c: Density/ha of Eucalyptus plantations and naturally regenerated woody species
in category 3.

Appendix 4: Regeneration Status of Woody species: Density/ha of Seedlings, Saplings and
Mature tree/shrubs in Addis Alem (Menagesha) Eucalyptus plantations.
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