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Abstract

Until few decades ago the Borana rangeland was considered as one of the finest

grazing areas in East Africa. However, the pastoral system has recently shown

symptoms of destabilization because of the shift in the natural balance between

trees and grasses, and bush-tree cover has become dominant in the rangeland. In

order to assess the major encroaching woody plant species and their advancement

under three land use units (Kalo, Worra & Foora); the impact on plant biodiversity; as

well as possible causes of the encroachment and their challenges to the pastoral

community; a comprehensive vegetation and household survey was conducted. The

results of the study revealed that the density of woody species in the study area is

4185 ha ̄ ¹, which is far beyond the critical limit. Species such as Acacia

drepanolobium, A. mellifera, A. bussi, A. bresvispica, and A. senegal were found to

be the major encroaching species. The mean density of total woody species

significantly differed across the land use units (P < 0.05). Relatively higher densities

of woody plants occurred at Kalos that might associate with reduced grazing

pressure in Kalos compared to other land use units provide suitable environment for

seeds to germinate. Diversity of herbaceous grass species negatively correlated with

woody density(r=-0.520, p<0.01). The pastoralists asserted that encroachment of

woody species to their prime grazing land has been the major challenge to their

livelihoods. The pastoralists also perceived that restriction of indigenous rangeland

management system and climate change in terms of erratic rainfall and drought

were among the main factors that caused woody plant encroachment. Thus

interventions in the range management need to be in consultation with local

communities and in harmony with traditional systems.

Key words: Biodiversity, bush encroachment, Borana pastoralists, density, land use

units
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1.Introduction

1.1. Background and justification

The Borana lowland known as the southern rangeland is located in the

Borana zone of Oromia National Regional State. Its main inhabitants are the

Borana Oromo. Most of its inhabitants are pastorals (Tamene Yigezu, 1990).

Borana rangeland is a lowland area in Ethiopia with the largest pastoralist

owing the high population of cattle and other domestic animals (Tamene

Yigezu, 1990). The area was considered until the early 1980s as one of the

few remaining productive pastoral systems in East Africa (Cossins and

Upton, 1987). According to Alemayheu Mengistu (1998), the Borana

pastoral system has recently shown symptoms of destabilization because of

this encroachment of indigenous trees and shrubs/bushes species to the

rangelands.

Destabilization of the range system is manifested by a reduction of milk and

meat production per animal, reproductive failure due to poor conception

and prolonged calving in cows and delayed puberty of heifers and bulls.

These resulted in retarded growth of calves, loss of resistance to disease and

pest, decreased herd size, frequent clan conflict due to shortage of grazing

resources, disturbance of grazing pattern (dry season and wet season), and

the complete overtaking of the rangelands (Alemayehu Negassa,2007).

Recent increase in human and livestock populations may decrease in

availability of grazing lands; and a failure in adherence to local institutional

norms have eroded the effectiveness of traditional means of range

management (Alemayehu Negassa, 2007).

In the indigenous practice, social organizations coordinated and enforced

decisions in range management among multiple resource users, and

enabled humans and biotic and abiotic components to live in harmony for
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thousands of years1. However, research and development interventions

aimed at increasing range production that were started in the 1970 ignored

the Borana knowledge and skills in rangeland management. The erosion of

the intact cultural and natural system resulted with unsustainable

livelihood primarily through the invasion of trees and shrub/bushes species

due to introduced and forced wrong intervention (Oba & Kotile, 2001).

In this context encroachment is excessive and undesirable increase in

woody plant abundance resulting in the suppression of palatable grasses

and herbs by encroaching woody species often unpalatable to domestic

livestock (Walker and Noy-Mier, 1982; Ward, 2005). Progressive growth in

the density of woody plants in dry savanna beyond a critical density

suppresses herbaceous plant production and decline range productivity,

mainly due to severe competition for available soil and water (Oba et al.,

2000). It is the major form of rangeland degradation in Borana,

characterized by invasion of undesirable woody species and unpalatable

forbs, losses of grass layer and increased soil erosion (Oba, 1998).

The wide and pervasive extent of the encroachment of trees and shrub

species in Borana range lands seems to be a problem that has emerged

during the Gada (leader of the whole Borana) of Jaldessa Liban (1952-1960)

and worsened following the ban of range fire (Oba , 1998). The extent of

woody species encroachment in Borana was estimated to be 40% in 1980

and within a decade the cover doubled, and currently it is becoming a great

challenge to livestock production and livelihood of pastoralists and/or agro-

pastoralists (Anteneh Tesfaye & Alemayehu Negassa, 2005).

1 http://www.Worldbank.org/afr/ik/gefalt.htm
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The Borana lowland is experiencing severe degradation caused by recurrent

drought, erratic rain fall, over population of human and cattle and

restriction of the indigenous range land management practices and ethnic

conflicts. The rangeland degradation is manifesting itself in an increase of

bush cover resulting in cattle feed shortage. Its ultimate effects have become

food insecurity and the Borana Oromos dependence on external food aid

(Anteneh Tesfaye & Alemayehu Negassa, 2005).

The Borana pastoralists developed exceptionally efficient system of range

land management strategies like fire regulated tree-grass dynamic and herd

mobility appropriate to deal with the erratic rain fall in the dry lands¹ .The

Borana pastoralists classify their rangelands into Kalo, Worra and Foora

land use units (Kalo is grazing land for calves, Worra for lactating livestock

and Foora for dry livestock) (Gemedo Dalle et al., 2006). According to

Gemedo Dalle et al., 2006, encroachment of woody plants varies with these

land use units and/or sites across different districts in the Borana

lowlands, as well as high woody plants density has negative impact on

herbaceous biomass production and soil nutrients availability. However,

quantitative data on the impact of woody plants encroachment on

herbaceous plant diversity are lacking. Furthermore, data on the density

and diversity of encroaching and non encroaching species is imperative to

study vegetation dynamics and plan measures to control woody plants

encroachment. However, little local and regional data are available on the

density and cover of woody plants in the Borana lowlands (Gemedo Dalle et

al., 2006).

Hence, having detail information on the advancement of major encroaching

woody species, possible causes and its consequences and planning of

control methods require quantitative data on the species composition and

population structure of woody plants. In addition identifying the major
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encroaching woody species also helps to identify targeted species for

planning and implementing bush encroachment control efforts. There was

no attempt made on the past to investigate the impact of invasion of woody

species on herbaceous plant species diversity in Borana lowland, taking into

account the different land use units. Understanding herbaceous plant

diversity requires quantitative data on abundance, frequency and density of

herbaceous plants in a given area. Such increased understanding of

encroachment of woody plants and its associated impact on the Borana

rangeland will contribute to developing ideas for designing future successful

rangeland/natural resource conserving, enhancement and management

programs and strategies.

This study, therefore, intends to assess the impact of encroaching woody

species on pastoral production system of Borana lowlands with the aim of

answering the following three main research questions: (1) what are the

major encroaching woody species and their density distribution? (2) Is there

any correlation between density of encroaching woody and herbaceous

(grass) species diversity? (3) What are the possible causes and their

challenges to pastoral and agro-pastoral communities in the study area?
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1.2. Objectives

1.2.1. General objective

The general objective of this study is to assess the impact and challenge of

encroaching woody species on pastoral production system of Borana

lowland.

1.2.2. Specific objectives

The specific objectives are:

a) To identify encroaching woody plant species and determine their

level of encroachment in different functional land use units;

b) To assess the impacts of the encroaching woody plant species on

the diversity of the annual herbaceous plants and;

c) To assess the possible causes of the encroachment and their

challenges to pastoral and agro-pastoral communities.



6

2.Literature Review

2.1. Ecosystem functions of rangelands

Rangelands are defined by the Society for Range Management as lands

characterized by self-propagating plant communities, predominately

grasses, grass-like forbs, shrubs and dispersed trees. These lands are often

associated with grazing and managed by ecological, rather than agronomic,

methods (Sustainable Rangelands Roundtable, 2008). Worldwide,

rangelands cover nearly 70 percent of the earth’s surface and contribute

significantly to the production of ecosystem goods and services (Sustainable

Rangelands Roundtable, 2008). By definition, ecosystem goods and services

(EGS) are important to the extent that they satisfy human needs. Goods and

services have been grouped in various ways. For example they have been

grouped into provisioning, regulating, cultural and supporting services

(Havstad et al., 2007).

According to Sustainable Rangelands Roundtable (2008), rangeland EGS

affect people across economic, social and cultural and environmental

boundaries. For example, people profit from the sale of ecosystem goods

such as food and fiber, agro-fuels feed-stocks and agro-chemicals extracted

from plants. Rangelands also generate intangible benefits such as the

pleasure that people take in observing plants and wildlife, studying natural

systems and hunting and fishing. These intangible benefits include the

sense of wonder and spiritual connection that many people feel when

immersed in rangeland landscapes.

Sustainable Rangelands Roundtable (2008) further explains that ecosystem

goods and services (EGS) are supported by rangeland ecological processes.

These processes include succession, migration, adaptation, competition,

disturbance, soil formation and erosion, nutrient, water and carbon cycling.



7

Human systems interact with rangelands ecosystems through a variety of

social processes (population, cultural, education, governance, markets,

legal, social interactions, family, etc.). Social processes provide the

mechanisms through which ecosystem goods and services are valued by

society. They also provide the economic and institutional frameworks to

maintain ecological processes through management and regulation. For

example, rangelands form the largest terrestrial ecosystem and one of the

three most important food sources in China (Li, 1997) and livestock are

source of wealth, social prestige, and security for drought and dept in the

Horn of Africa (Coppock, 1994). In addition, rangelands cover nearly 70

percent of the earth’s surface (Sustainable Rangelands Roundtable, 2008)

and play an important role in sequestering atmospheric carbon (Allen-Diaz,

1996).

Fig. 1 Rangeland Ecosystem Goods and Services provide the link between
environmental systems and socio-economic systems.
Source: Sustainable Rangelands Roundtable, 2008
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2.2. Rangeland degradation and bush encroachment

Environmental degradation is a term used to describe a situation in which a

part of the natural environment is damaged. It can be used to refer to

damage to the land, to water or the air. Environmental degradation can also

mean a loss of biodiversity and a loss of natural resources in an area2.

Different definitions have been given to land degradation but according to

United Nations Convention to Combat Desertification (UNCCD) land

degradation is defined as:

. . . reduction or loss, in arid, semiarid and dry sub-humid areas, of the

biological or economic productivity and complexity of rainfed cropland,

irrigated cropland, or range, pasture, forest and woodlands resulting from

land uses or from a process or combination of processes, including

processes arising from human activities and habitation patterns such as:

soil erosion caused by wind and/or water; deterioration of the physical,

chemical and biological or economic properties of soil; and long-term loss of

natural vegetation.

Environmental degradation is not a new thing, it has been happening all

over the world for centuries. The problem is that it is now occurring at a

much faster rate, therefore not leaving enough time for the environment to

recover and regenerate. The greater demands placed on the environment by

an ever increasing human population is putting a great strain and drain on

the earth’s limited natural resources². The main causes of environmental

degradation include inappropriate land use, over cultivation, over grazing,

pollution, poverty, etc. There are many different types of environmental

2 (http://www.nied.edu.na/divisions)
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degradation. Some of the main types are soil erosion, deforestation, bush

encroachment, desertification, salinisation, etc².

Rangeland degradation may be defined as the loss of utility or potential

utility or the reduction, loss or change of features of rangeland ecosystem

which cannot be replaced (Chrisholm and Dumsday, 1987). In general,

rangeland degradation implies a reduction in rank or status, which includes

a loss of topsoil, a change to a simple floral/fauna composition or a

transition from one organic form to a lower organic form, and continuous

reduction of productivity/biomass of the ecosystem (Barrow, 1991; Jiong,

2000). Overgrazing, bush encroachment and subsequent land degradation

is a problem in large areas of East Africa (Perkins and Thomas, 1993).

Generally speaking, a lower biological diversity is supposed to occur in a

degraded rangeland, but there is still much research work to be done for the

issue (Jiong, 2000). Rangeland degradation is the most extensive among the

major types of current landuse and few countries have less than 50 percent

of their pastoral lands degraded (White, 1980; World Bank 1992).

Encroachment of woody species is a type of range degradation which

excessive and undesirable increase in woody plant abundance results the

suppression of palatable grasses and herbs by encroaching woody species

often unpalatable to domestic livestock (Walker and Noy-Mier, 1992; Ward,

2005); and it is the main indicator of the state of land degradation (Saco et

al., 2006). According to Moustakas (2006), a common phenomenon in

savannas is the increase of woody species often referred as “bush

encroachment” in which the increased dominance of woody species, mainly

thorny bushes, which suppress grasses. And it is usually characterized by

the dramatic increase of species of thorny bushes (Oba et al., 2000). Bush

encroachment becomes a problem when trees, shrubs and bush cover

exceed 30% and results decline in range condition (White, 1980). Bush
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encroachment is a serious problem reported in many geographically

different savanna ecosystems like North and South America, Africa, South

East Asia and Australia (Houghton et al., 2000). Savannas are the most

important ecosystems for raising livestock in Africa (Lamprey, 1983). In the

past 50 years, evidence has accumulated suggesting that savannas

throughout the world are being altered by a phenomenon known as 'bush

encroachment' (Archer et al., 1995). Drastic increase of woody species is a

phenomenon observed in African (O’Connor & Crow, 2000) as well as in

American (Brown & Archer, 1989) and Australian (Burrows et al. 1990)

savannas.

2.3. The impact of bush encroachment

Bush encroachment affects the agricultural productivity and biodiversity of

10-20 million ha of South Africa (Ward, 2005). Savannas are extensive,

socioeconomically important ecosystems with a mixture of two life forms,

trees and grasses (Scholes, 1997). Bush encroachment is the suppression of

palatable grasses and herbs by encroaching woody species often

unpalatable to domestic livestock (Ward, 2005). Overall woody vegetation

reduces grass cover through increasing the competition for available water

and nutrients and reducing sun light that should reach to the grass layer

(Thurrow, 2000). Therefore, bush encroachment reduces the carrying

capacity for livestock (Ward, 2005). The reduction in carrying capacity is of

great significance because savannas in southern and central Africa contain

a large and rapidly growing proportion of the world’s human population,

including many pastoralists whose livelihood is threatened by this process

(Scholes, 1997). For example an approximately 26 million ha of woodland

savannas in Namibia resulted in a loss of land productivity of as much as

100% or more. This means that the carrying capacity declined from 1 LSU

per 10 ha to 1 LSU per 20 or 30 ha (Sheuyange et al., 2005). According to
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Sheuyange et al., (2005), bush encroachment also impacts adversely

biodiversity, water-use efficiency and underground water tables, thereby

contributing to the process of desertification. Surveys done in bush-affected

areas show that there is a highly significant negative correlation between

increasing problem of bush densities and the occurrence of a perennial and

total grass diversity & cover (Blench and Sommer, 1999; Gemedo Dalle,

2004; Oba and Kotile, 2001). Furthermore, with respect to the large

amounts of water intercepted by invader bushes it is reasonable to conclude

that the underground water table is being negatively affected by bush

encroachment through increased evapotranspiration, water run-off and less

infiltration to subsoils (Sheuyange et al., 2005).

2.4. Possible causes of bush encroachment

Factors causing bush encroachments are poorly understood (Ward, 2005).

According to Sheuyange et al., (2005) the causes of bush encroachments are

elaborated upon against the background of two important models:

Walter’s Two-layer Model, which maintains that, if the grass layer is

over utilized, it loses its competitive advantage and can no longer use

water and nutrients effectively. This results in a higher water and

infiltration rate into the subsoil. Such a scenario will benefit trees and

bushes and allow them to dominate.

The State-and-Transition Model, which recognizes the dynamic nature

of savanna ecosystems. Savannas are event-driven where rainfall and its

variability plays a more important role in vegetation growth (and

composition) than the intensity of grazing. It implies, therefore, that bush

encroachment is not a permanent phenomenon and a savanna could be

changed to its grass-dominated state by favorable management or

environmental conditions.
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Sheuyange et al., (2005) further explain that, the major factors determining

the functioning and dynamics of savannas are the following:

PRIMARY DETERMINANTS: Such as rainfall, soils and nutrients, are

functions of specific geographical region and are to a certain extent beyond

the pastoralist’s control. Rainfall, together with soil moisture balance, has

an overwhelming effect on vegetation structure, composition and

productivity. Rather than annual increase in bush numbers, the general

view is that woody plants establish in large numbers during certain years,

and at varying intervals. Prolonged denudation of soils caused by

droughts and grazing, followed by above-average rainfall years with

frequent rainfall events, favor mass tree recruitment.

SECONDARY DETERMINANTS: These act within the constraints imposed

by primary determinants. They can often be directly modified by

management. The exclusion of occasional hot veld fires, the replacement of

most of the indigenous browsers by livestock, injudicious stocking rates,

poor rangeland management practices, and artificial water points are

regarded as the major causes of bush encroachment.

There have been attempts to explain the causes of bush encroachment. One

of them is based on the evidence that increasing levels of global CO
2

favor

the growth of trees and bushes which are C
3

species rather than grasses

which are mainly C
4
species (Knapp, 1993; cited in Moustakas, 2006).

2.5. Rangeland condition in Africa and Ethiopia

2.5.1. Rangelands in Africa

Drylands are characterized by a deficiency of precipitation, prolonged

periods of heat, low relative humidity and high rate of evaporation (World
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Bank, 1997). Drylands are the home of more than 900 million people in 100

countries and constitute about 40% of global land surface (World Bank,

1996). Dryland countries include, but are not limited to, much of sub-

Sahara Africa, India, Afghanistan , Brazil, Australia, the United States,

Canada, Uzbekistan,& Kazakhstan (World Bank, 1997). According to World

Bank (1997), there is no universally accepted definition of drylands but

based on the most widely used map of the UNESCO1979, four aridity

classes are recognized (Figure 2 & Box 1): hypearid, arid, semiarid,

subhumid (dry subhumid).

Dryland ecosystems have provided many of the plant and animal species

that have shaped the development of many cultures and civilizations (World

Bank, 1997). However, human induced environmental degradation now

threatens the ecosystem and the natural resources base in many of the

world’s dryland areas and more than 900 million peoples are affected to

greater or lesser degree (World Bank, 1996). There are three major

commercial land uses in the drylands: livestock grazing in rangelands,

rainfed cropping and irrigated cropping. However, degradation in the

rangelands is one of the particular concern, because rangelands encompass

the vast majority of the world’s dryland areas (88 % refer to table 1) and

degradation is far more pervasive in the rangelands than under other

landuses (World Bank, 1997). Roughly three quarter of rangelands are

degraded, compared to roughly half of rainfed crop lands and one third of

irrigated lands (World Bank, 1997). Degradation of dryland ecosystem

consists primarily of loss of vegetation cover, water and wind erosion,

salinization, water logging, soil compaction and crusting, loss of organic

matter, soil acidification, pesticides and heavy metal accumulation (World

Bank, 1997). Tueller (1989) reported that rangelands are under pressure in

the world as their demand for land use rights grows. Rangeland degradation
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Box 1. Aridity Classes

Hyperaid zone:

 Climatic deserts (e.g. Sahara)

 Lowest P/PET ratio

 little or no vegetation exist

Arid:

 Sparse vegetation, and land is principally used for grazing

Semiarid:

 Grazing is dominant landuse in the drier parts

 Rainfed cropping in wetter parts

Dry subhumid:

 Both rainfed cropping & livestock husbandry are successful most

years

Source World Bank, 1997

The drylands in Sub-Sahara Africa are dominated by arid to semi-arid

climates characterized by low and unreliable rainfall (which rarely exceeds

750 mm) low soil fertility, high temperatures and evapo-transpiration rate

(Pratt and Gwyanne, 1977). According to Pratt and Gwynne (1977), these

areas can be referred to as rangeland based livestock production or

rangelands that support wildlife and extensive livestock operations. African

livestock owners pursue their livelihoods in a dynamic and risky

environment. The external dynamic processes that affect livestock keeping

include population growth and migration, intensification and expansion of
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crop cultivation and changes in property rights (Swallow, 1991). There are

also a number of dynamic and stochastic processes that influences in short

terms, such as fluctuation in rainfall and market conditions (Bernke et al.,

1993).

The arid and semi-arid area has many challenging problems. According to

World Bank (1997), percent of rangeland degradation in Africa is more than

the world average (degradation is defined as a 10 percent or more loss in

productivity, refer to Table 1).

Table 1. Percent of drylands degraded by continent, and landuse

Source World Bank, 1997

Continent Irrigated land Rainfed crop land Rangeland

Africa 18 61 74

Asia 35 56 76

Australia and New
Zealand

13 34 55

Europe 16 54 72

North America 28 16 85

South America 17 31 76

Average 30 47 73

Percent of the
World’s total
dryland area in
each land-uses
class

3 9 88
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Several studies have been conducted in many parts of Africa and elsewhere in

the other dry lands of the world, and most of them reveal that the change

and/or loss of dry land vegetation resource is brought about by various reason

depending up on local conditions ( Diress Alemu et al. 1998).

According to World Bank (1997), the driving forces can be grouped under three

categories:

 Environmental constraints which are the characteristics of the

biophysical environment that limits its carrying capacity, capability and

suitability to support human activities.

 Pressure factors that directly affect the supply and demand for resource

include population growth, migration and natural disasters.

 Institutional and social factors that determine how well pressure factors

are managed, that is, in terms of resource conservation and suitable

management.

2.5.2. Rangelands of Ethiopia

The agro-ecology of Ethiopia is quite diverse and varies from arid-tropics,

where the annual precipitation is below 200 mm in the lowlands and above

1,400mm in the humid tropics. Likewise, the drylands of Ethiopia are mainly

characterized by arid, semi-arid and dry humid agro-ecologies (Amaha

Kassahun, 2006). According to MOA (1996), the aridity index includes A1.1-

A1.7 (dry hot to warm), A2.1 to A2.7 (tepid to cool arid), M1.1 to M1.7 (hot to

warm moist), SA1.1 to SA2.2 (hot to warm semi-arid) and SM1.1 to SM1.7 (hot

to warm sub-moist) and SM2.1 to SM2.7 (tepid to cool sub-moist) (Figure 3).

Pastoral production systems (pastoralism) represent the largest land use

system of the agriculture sector (Solomon Desta, 1993; Amaha Kassahun,
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2003), and are based on mobile rangeland livestock production systems

(Helland, 1977; Samuel, 2003). Accordingly, the rangelands of Ethiopia are

mainly located within the arid and semi-arid agro-ecological regions below 1

500 m.a.s.l., covering about 62% (682 000 km2) of the total land area of

Ethiopia (EARO, 2002).

Fig. 3 The classification of the dryland agro-ecological zones of Ethiopia

Source: EMA, 2004
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Legend to Fig. 3

1 A1.1 Hot to warm arid plains

2 A1.3 Hot to warm arid valleys and

escarpments

3 A1.7 Hot to warm mountains

4 A2.1 Tepid to cool arid plains

5 A2.7 Tepid to cool arid mountains

6 M1.1 Hot to warm moist plains

7 M1.2 Hot to warm moist lakes and

rift valleys

8 M1.3 Hot to warm moist valleys

and escarpments

9 M1.4 Hot to warm moist gorges

10 M1.7 Hot to warm moist

mountains

11 SA1.1 Hot to warm semi-arid

plains

12 SA1.5 Hot to warm semi-arid

mountains and plateau

13 SA2.2 Tepid to cool semi-arid lakes and

rift valleys

14 SM1.1 Hot to warm sub-moist plains

15 SM1.2 Hot to warm sub-moist lakes and

rift valleys

16 SM1.3 Hot to warm sub-moist valleys and

escarpments

17 SM1.4 Hot to warm sub-moist river gorges

18 SM1.7 Hot to warm sub-moist mountains

19 SM2.1 Tepid to cool sub-moist plains

20 SM2.2 Tepid to cool sub-moist lakes and

rift valleys

21 SM2.5 Tepid to cool sub-moist plains,

mountains and\ plateau

22 SM2.7 Tepid to cool sub-moist mountains

23 SM3.7 Cold to very cold sub-moist

mountains

According to EARO (2002), the drylands of Ethiopia are dominated by

rangeland based livestock production systems known as pastoralism and

agro-pastoralism (partly involved in opportunistic cropping) and represent a

significant sector of the national agriculture in the country. Pastoralists

represent approximately 37% (26.6 million) of the national population that

include an estimated 12.24 million (17%) mobile pastoralists and 14.4

million (20%) agro-pastoralists. Mobile pastoralism is dominant in the arid

and semi-arid areas in the eastern, northeastern and southeastern parts of
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the country, while agro-pastoralism represents an increasing practice in the

semi-arid areas in the northwestern, southern and eastern parts of the

country. In general, they represent the major pastoral constituency in the

Horn of Africa (Amaha Kassahun, 2002).

The pastoral and agro-pastoral production system also represent

approximately 45-55% of the cattle, 75% of the small ruminants, 20% of the

equines and 100% of the camels of the total national livestock population.

Accordingly, they contribute about 50% to the national agricultural Gross

Domestic Product (GDP) and 90% of the annual hard currency earnings

from live animal exports (EARO, 2002).

Despite the large size of the regional livestock population, its economic

contribution to the regional and national economy is not significant, mostly

due to natural and human limitations. The latter include the impacts of

environmental and rangeland degradation (Gemedo-Dalle et al., 2006),

increasing aridity and the occurrence of recurrent droughts at shorter

intervals of every third year, causing feed and water shortages. As a result,

there are high livestock mortalities in most pastoral areas (Amaha

Kassahun, 2003).

As elsewhere in Africa, pastoralists in Ethiopia and their production system

are under pressures which render their system unsustainable due to

natural and human limitation (Amaha Kassahun, 2006). Progressive growth

of bush cover in dry savanna is responsible for decline in range condition in

Southern Ethiopia grazed by the animals of the pastoralists for many

centuries results in ecological and economic stress (Coppock, 1994; Kamara

et al., 2003). The grasslands and open savannas of Ethiopia in general and

the Somali region in particular are also subjected to the various effects of

rangeland degradation among which bush encroachment is expanding
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(Amaha Kassahun, 2006). Ecological stress is manifested by progressive

growth of bush cover, which is common cause for decline in range condition

(Ludwing et al., 1997; Oba et al., 2000; Scholes and Walker, 1993 & Smit,

1989). Economical stress includes a decline in pastoralists’ income, the

decrease in livestock production (quality and quantity) and livestock

products as a result of decrease in rangeland vegetation. Therefore,

pastoralists in Ethiopia are vulnerable to ecological disturbance and macro

climatic variability, often resulting in food insecurities and feed shortage

(Amaha Kassahun, 2006).

Livestock production in pastoral areas is affected by numerous problems of

which environmental degradation features prominently. The problem is

often better understood by the pastoralists than policy makers, development

planners and researchers of the countries in the Horn of Africa (Amaha

Kassahun, 2006). Environmental degradation, often confused with

desertification, is a world scenario and pastoralists are often held

responsible. Environmental degradation was discussed by the United

Nations (UN) during conference held at Nairobi (1977), Rio de Janeiro (1992)

and Johannesburg (2000), but consensus on scientific indicators of

environmental changes, policy and development action plans were not

reached (Mortimore, 2005). Current indicators are still inadequate to assess

the relationships between climate, vegetation and livestock, preventing the

establishment of development oriented policies that must reverse the

unabated process of rangeland degradation (Gemedo Dalle, 2004). The lack

of understanding of the relationship between the environment and

pastoralists and ignorance regarding the perception of the pastoralists may

also contribute to the misunderstanding of the pastoral production system

and the priority needs of the pastoralists (EARO, 2002).
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2.5.3. The Borana rangelands

The rangeland of southern Ethiopia accounts for 7.6-12.3% of the country,

and it is an important area of cattle production (Tessma Taye, 1990). The

Borana Oromos are the dominant pastoral group, and they have been living

in the area since before the 13th century (Oba, 1996). The semi arid Borana

plateau is an especially important rangeland for Ethiopia. It is over

95000km² in size and home of 350, 000 people and 1 million head of cattle,

small ruminants, and camels (CRSP, 2007).

The rangelands of southern Ethiopia are arid and semiarid with pockets of

subhumid zones (Coppock, 1994). Rainfall is biomodal with long rains

(ganna) expected between March & May the short rains (hagyya) between

October & November (Upton, 1986). The short rains are followed by long dry

season. Variable rainfall results in greater variability in forage; range

production being greater during above average compared to the below

average years, while drought years have zero production (Cossins and

Upton, 1988). To cope with the variable range productions, the Borana of

southern Ethiopia combined mobility & sedentary livestock management;

and water from the deep well (Tulla) complexes is an important resource for

regulating stocking rates (Helland, 1982).

The Borana rangeland had good ecological potential for livestock production,

which is the primary reasons for intermittent conflicts arising between

neighboring groups contesting the area (McCarity et al., 2002). The Borana

pastoral production in Southern Ethiopia was considered until the early

1980s as one of the remaining productive pastoral systems in East Africa

(Cossins and Upton, 1987). Since then, there is a decline in productivity,

associated periodic losses in cattle productions (Ayana Angassa and Oba,

2007); changes in land use; and suppression of fire that have resulted in the

proliferation of bush encroachment and a general decline in forage
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production (Oba and Kaitira, 2006). Oral sources suggest that little evidence

of region wide bush encroachment before 1952-1960; and the spread of

bush encroachment was only noticed after 1960-1968 (Ayana Angassa,

2007). In the area it is assumed that 83% of the rangelands were threatened

by a combination of bush encroachment and unpalatable forbs (Ayana

Angassa, 2007). Currently, there is an acute cattle feed shortage in the

Borana rangeland assumed to be caused by rangeland degradation (Anteneh

Tesfaye & Alemayehu Negassa, 2004). It is characterized by invasion of

undesirable woody species unpalatable forbs, losses of grass layer and

increased soil erosion (Oba, 1998).

Roques et al.,(2001 cited in Gemedo Dalle et al., 2006) stated that woody

cover of 40 % which is approximately equal to a density of 2400 plants ha ̄¹ ,

is approximately equal to a density of 2400 plants ha ̄¹ is considered to be at

equilibrium between encroached and non encroached. In Borana lowlands,

bush density and cover of woody plants have crossed the critical threshold

level (52% cover & 3014 plants ha ¹̄ density) and the region has entered the

encroached condition (Gemedo Dalle et al., 2006); and the grazing system of

the Borana plateau have become increasingly unsuitable in recent decades

due to range degradation in the form of woody encroachment (CRSP, 2007).

Herbaceous forage production for cattle and sheep can then be reduced via

competition with woody plants for water and light. Therefore, the residual

would be subjected to intense grazing pressure, further exacerbating the

down spiral (CRSP, 2007).

The Borana lowlands is experiencing severe degradation caused by climate

change leading to more erratic rainfall; overpopulation of human and cattle;

erosion of the indigenous range land management practice; ethnic conflicts

raised by competition over access to and control over natural resource; and

introduction of exotic and new encroaching species resulting in rangeland
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deterioration (Anteneh Tesfaye & Alemayehu Negassa, 2004). The system is

currently in a process of transition from traditional transhumance system to

sedentary pastoralism. Resource use in Borana rangeland is largely

communal, though crop production and private enclosures appear

increasing in the recent past decades (McCarity et al., 2002).

Studies conducted in the area hypothesized that demographic, market and

environmental forces primarily drive changes in Borana, whereas others

specifically highlight the possible role of policy variables as a co-driver of the

observed change (Bassi, 1997; Helland, 1982; Kerven & Cox, 1996; Swallow

and Kamara, 1999). In particular, the creation of peasant associations (PAs),

forced sedentarization, government ban on traditional pasture improvement

methods (prescribed range fire) and a host of development interventions are

strongly hypothesized to have played a role in changing institutional setting

in Borana (Kamara et al.,2003).

2.6. Indigenous rangeland management system of Borana

pastoralists

Pastoralists’ indigenous knowledge (IK) about ecology and social

organization led to rangeland management strategies appropriate to deal

with the erratic rainfall in African drylands¹. Borana pastoralists in

Southern Ethiopia have well established traditional system of range and

water management (Gemedo Dalle et al., 2006). The Borana pastoralists

developed exceptionally efficient system of managing natural resource¹. The

web site further explains that, the supply of permanent water was limited to

clusters of deep wells in central areas. Access to water determined the

utilization of the surrounding pastures. Herds were moved between dry- &

wet- season pastures. Social organization coordinated and enforced

decisions in rangeland management among multiple resource users.
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Specialized in cattle husbandry, the Borana reached an outstanding level of

productivity in terms of livestock and rangeland resource.

2.6.1. Herd structure and species composition

Herd management is the principal means of sustaining livelihoods. The

Borana maintain at least three combined livestock species, which include

cattle, goats, sheep and sometimes camels and donkeys; and the average

livestock-holding per household before the drought of 1990 was estimated to

be cattle 43 %, sheep 24%, goats 19%, camel 2% and equine 13 %

(Abdurrahman Ame, 2004). This multi-species composition of the livestock

holding has the advantage of utilizing both browse and grass species in the

plant community, and hence providing a continues supply of human food.

The selective maximization of livestock population to a given ecological

condition is geared towards solving the problem of human food supply,

given availability of animal feed supply, particularly in moisture deficit

seasons. Furthermore, different livestock species have different adaptive

and/or genetic merits to resist disease (Abdurrahman Ame, 2004).

2.6.2. Herd Mobility & pasture management

The Borana pastoralists have adopted strategies that are passed on from

generation to generation to problems related to watering and grazing by

dispersing their livestock herds into Worra (milking herd) and Foora (dry or

non-milking herd) groups, based on the frequency of watering, and the

availability of grazing and browsing grounds (Abdurrahman Ame, 2004).

They have also a well established traditional system of range management

system; that they use their indigenous knowledge to categorize landscapes

in terms of seasons of use (wet and dry seasons); and in terms of grazing

capacity (Oba & Kotile, 2001).
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Fig. 4 General grazing model of the Borana

Source: Oba & Kotile, 2001

According to Bassi and Tache (2006) Liban and Dire are the two main

macro-regions of the Borana in Ethiopia, including both critical wet and dry

season pastures. Malbee-Golboo is the dry lowlands in northern Kenya,

along the Ethiopian border, a critical wet season pasture. The sound

management of the rangeland is promoted through norms of

inclusion/exclusion designed for pastoral activity known as Seera Marraa

Bisananii- ‘the law of grass and water’. Although no family can be directly

denied access to the rangeland, the law differentiates between dry season

pasture (with permanent water points) and wet season pasture (with good

grass but only accessible during rains). And hence, herds were moved

between dry-and wet-season pastures accordingly in order to maximize use

of wet season pasture whenever possible and minimizing pressure in the

most intensely utilized rangelands served by permanent water points. In

practice this is achieved by dividing lactating, thus less mobile, cattle from

dry stock, and other stock species.
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Plate 1 Foora livestock in Foora grazing land –Mormora

There are also provisions for restricting access to certain areas enclosures

Kalo, kept as reserve for certain stock categories during the dry season.

These norms and practices have a direct impact on the ecology of the

rangeland, particularly on the composition of grass species (Bassi and

Tache, 2006).
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Additional practices contribute to the control of the composition of the

bushes and trees, such as controlled fires, selective cutting for firewood and

the periodical movement of village to avoid depletion of range resources

(Bassi and Tache, 2006).

2.6.3. Water management

The supply of permanent water is limited to clusters to deep wells in a

central area. The second set of customary law indirectly regulating the

ecology of the rangeland is the “law of water” and this law is highly

articulated and peculiar to the Borana and their environment (Abdurahman

Ame, 2004). Primary rights to a well (Shallow-Ella and Deep-Tullaa) are with

the individual (or the direct descendent of the individual) who initially

excavated it and this person is called Aba Konfi; Aba means “father” and the

word Konfi refers to the stick that was used to first break the earth where

the well was dug. Rights to water are then given & organized in terms of

clan (gosa) and the day to day running of the well is carried out by a person

known as the Aba Hirega who is appointed by his clan and other users

(Watson et al., 2003). Access to key dry-season rangeland is achieved by

gaining access to these permanent water points. Nine of these well

complexes-The Tulla Sallan (the nine Tulla wells complexes)-have a special

ritual and symbolic relevance, for the particular qualities of the water and

the surrounding environment. The Tullaa wells can be as deep as 40 meters

in the localities of Meelbnaa, Irdar, Goofa, Laye, Dhassis, Webbi, Waccile,

Hiigo and Gaayo (Bassi and Tache, 2006).

As Bassi (2005 cited, in Bassi & Tache, 2006) stated the wells have different

norms and regulated by the investment required for digging, based on clan

affiliation and assignment of both individual and collective ownership rights

and also a limited quota for outsiders, including members of other ethnic

groups and wildlife. There are also special provisions to ban any permanent
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or temporary settlement in the vicinity of the wells. The sites of the wells

thus appear to be maintained in a fully natural state, except for the daily

movements of thousands of livestock. The cattle dung is accumulated

outside each well for decades or centuries as reserve of manure in the long

term ecological cycle.

Several studies promoted by ILCA/ILRI reveal that, the particular

distribution of the well clusters have encouraged the Borana to select , over

the centuries, their particular breed of Zebu cattle, internationally known as

the “Borana breed” (Bassi and Tache, 2006).The Borana cattle are able to

walk a long distance in the hot and sunny climates; normally drink every

third day; are very efficient converters of pasture forage into body fat which

are used during period of drought; have the capacity to carry weight easily

after the dry season and provide an optimal balance of meat and milk

production for both market and household consumption (Bassi and Tache,

2006).

Thus three days of watering interval allows access to rangelands located up

to one and half days walking distance from the wells, assuring access to

poorly served areas even during the dry seasons, with obvious implications

in terms of reducing overstocking and long term grass composition of the

different zones; and socially this three days rotation allows well access to a

larger number of pastoral units and the allocation of each day to different

clans, thus fostering inter-clan cooperation and reducing the potential of

inter-clan competition and conflict (Bassi and Tache,2006).
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3.Materials and Methods

3.1. Description of the study area

3.1.1. Location

The study was carried out in the Borana Zone in the southern part of

Oromia National Regional state. The Borana lowland is usually known as

the southern rangelands. The rangeland lies west of Genale River and east

of the Segan River. The southern limit of the rangeland goes up to the Ethio-

Somali and Ethio-Kenyan borders, its northern limit is bounded by the

cultivated lands, and Jemjem high forests (Alemayehu Mengistu, 1998). It

extends approximately between 4 ̊ 3 Ń to 5 ̊ N and 37 ̊ 4 ́ E to 38 ̊ 2 ́ E with a

total area of approximately 95,000 km². The landscape is slightly undulating

that ranges in altitude from 1000 to 1500 m, having picks up to 2000 m

(Coppock, 1994).

3.1.2. Geology and soil

The geology of the study area is dominated by 40% quaternary deposits,

38% basement complex formations, and 20 % volcanic (Solomon Tefera et

al., 2006a). The main soil type of the rangeland comprises of 53% sand,

30% clay and 17% silt (Coppack, 1994).

3.1.3. Climate

The rainfall of the area is distinctly bimodal pattern, viz. the main rain

(Ganna) occurring from March to May which accounts 59% of the total

rainfall occurring, and the small rain (Hagayya) which occurs in months

from September to November that accounts 27% of the total rainfall

occurring. Droughts are common once every 5-10 years (Coppack, 1994).
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Fig 5. Map of the study Area.

Based on current information; there is a shift in time

duration and subsequently in total amount of rainfall. The mean annua

temperature varies from 15-24˚C and shows little variation across the

Coppack, 1994).

Based on current information; there is a shift in time and reduction in

duration and subsequently in total amount of rainfall. The mean annual

C and shows little variation across the



32

Fig 6. Average monthly rainfall at Yabello station (1987-2007) Source: National
Meteorological Authority

Fig. 7. Annual mean maximum and minimum temperature at Yabello station (1989-
2007) Source: National Meteorological Authority

3.1.4. Vegetation

According to Solomon Tefera et al., (2006a), four plant community types

were described namely: (i) evergreen and semi evergreen bush land and

thickets, (ii) rangeland dominated by Acacia and Commiphora, (iii)

rangeland dominated by shrubby Acacia, Commiphora and allied genera,
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and (iv) dwarf shrub grassland to shrub grassland. The best forage sources

are native species of grasses, woody plants and stands of Acacia. Most of

these plants have many uses such as human food, medicines for human

and animals, construction materials and other cultural purposes (Tamene

Yigezu, 1990).

3.2. Methods of data collection and analysis

3.2.1. Reconnaissance survey and study site selection

The following criteria were used for selecting the study sites:

i. The dominant arid and semi-arid low land of Borana Zone must be

represented,

ii. Bush encroachment & its level of infestation, must be represented,

iii. Similar soil & topography,

iv. All types of land use units must exist, and

v. It should also be accessible to transport research materials and staff.

Discussions and interviews with experts of zonal and woreda office

agriculture and NGOs working in the area as well as key informants from

Borana pastoralists were made on the above criteria. Then a reconnaissance

survey was conducted with the purpose of assessing, identifying and

selecting the most appropriate rangeland types in the Borana Zone,

representing the rangeland conditions. Finally, based on the above criteria

three study sites Mormora & Sebante in Moyale Wereda and Debelebedana

in Dirre Wereda were selected.
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3.2.2. Research design and sampling

Three traditional land use units: communal Kalo, Worra and Foora (Kalo is

grazing land for calves and weak animals, Worra for lactating animals and

Foora for dry livestock) were considered across the selected three sites. As

more than one Kalo exists in each site, the main representative Kalo was

selected based on discussion with key informants and leaders of traditional

institution responsible for it. Sampling plots were established within each

land use units using systematic sampling method as it is easier to carry out

and provide efficient estimate than random sampling (FAO, 2000) across the

study sites. The first sample plot was established by measuring 100 m from

the two border sides of the land use unit and the subsequent plots were

established at 200 m intervals on linear transects.

3.2.3. Data collection

For woody vegetation data collection, a total of 27 sample plots each

measuring 20 m x 20 m at every 200 m interval were used following the

procedures in (Kent and Cocker, 1994). In each sample plot, type of species,

presence or absence, count of saplings/seedlings, Diameter at Breast Height

(DBH)/Diameter at Stump height (DBS) and height measurements were

made for all trees/shrubs, saplings and seedlings rooted within the plots.

Trees/shrubs were defined as woody plants with diameter at breast

height/diameter at stamp height (DBH/DSH) ≥2.5 cm. Saplings are young

woody plants with DBH/DSH <2.5 and height >1 m, whereas seedlings are

woody plants with DBH/DSH <2.5 cm and height ≤1 m.

To assess the impacts of woody plants on herbaceous plants (grasses)

diversity sample of grass species were collected. Here samples were collected

from 27 main plots using five subplots of 0.5 m x 0.5 m per each plot,

placed at the four corners and center of the main plot. Samples of the five

subplots were pooled and assumed to represent the herbaceous plant
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species of the main plot. A tillered annual grass was considered as a single

plant regardless of the number of tillers and for perennial grass plants,

numbers of shoots were recorded rather than the number of plants.

Table 2. Sampling layout

Study Sites Land Use Unit Plots
Mormorra Foora 1

2
3

Kalo 1
2
3

Worra 1
2
3

Sebante Foora 1
2
3

Kalo 1
2
3

Worra 1
2
3

Debelebedana Foora 1
2
3

Kalo 1
2
3

Worra 1
2
3
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Fig. 8. Woody and herbaceous grass species sampling layout

Both woody plants and herbaceous grass species were collected using field

guide and identification of the species was made at the national herbarium

(Ethiopia) Addis Ababa University through consulting experts and referring

to the published volumes of Flora of Ethiopia and Eritrea. For sampling plot

layout and vegetation data collections Geographic Positioning System (GPS),

Compass, Clinometer, Tape mater, Hypso meter and tree caliper were used.

To understand possible causes of the encroachment and its challenges to

pastoral community, individual, group and key in format interviews were

conducted on the issues such as: what tree species/shrubs are encroacher

to the area; their influence on the grazing lands; the possible causes; the

main problems of encroaching species on the range land; traditional coping

mechanisms; and extension service provided against these condition were

explored. Here, the interviews were open ended and a total of 120 (80 men &

40 women) pastoralists were interviewed for the current study.
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3.2.4. Data analysis

Based on the collected ecological data the statuses of herbaceous and woody

species were examined by computing the density, abundance, frequency

and dominance. Population structure was constructed for woody species to

reveal the current overall regeneration status. Heterogeneity of the study

areas in terms of woody and herbaceous grass species composition were

determined using Shannon-Weiner diversity and Evenness indices.

Comparisons were also made between the vegetation in each land unit

across each study area using Sorenson similarity index (Kent and Cocker,

1994).

Frequency (constancy): is the percentage of sampling plots (vegetation

registrations) on which a particular plant species is found. It explains how

often a plant species occurs in the survey area. Frequency was calculated

for all plant species as follows:

F= 100*X/N........ (1)

Where, F= frequency; X = number of occurrences of a plant species; N=

sample number

Density: number of individual species per unit area.

De=0.04*W/N…… (2)

Where, De = density; W = number of individual of species in all sampling

unit; N = sample number

Abundance: population density of plant species expressed as the number of

individuals of plants per unit area.
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A = W/X…….. (3)

Where, A = abundance; W = number of individual of species/sample; x =

sample number which the species occurred

Dominance: abundance of an individual plant species in relation to total

plant abundance.

D = A*100/A…… (4)

Where, D = dominance; A = abundance; A = total abundance (of all

species)

Population structure: Population structure of woody species was

constructed to provide the overall regeneration profile of each species

encountered in the study plots. To determine the population structure, first

individuals of major woody species found at the three study areas were

selected and grouped into an arbitrary diameter classes of: ≥ 2.5cm, <2.5cm

and height >1m and <2.5cm ≤1m of hieght. Population structure of each

species was depicted using frequency histogram of diameter-class

disributions. The resulted frequency histograms are used to dipict the

regeneration profile of the woody vegetation of the area.

Species diversity: the Shannon-Wiener diversity was analyzed following

Shannon and Wiener (1949). The Shannon-Wiener diversity formula was

computed as follow:

Diversity H’ = –


s

i

pipi
1

ln
………… (5)

Where, H’= Shannon-Wiener index

S = the number of species
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Pi = the proportion of individuals or the abundance

of the ith species expressed as a proportion of the total

ln = log basen

Species richness: it is defined as the number of species per quadrat, area

or community. In this particular case, the numbers of observed species

across the whole sample quadrats at each land unit across each study area

were considered as a representation of species richness.

Evenness: This is a new concept attempting to quantify the unique

representation of a given species against a hypothetical community in which

all species are equally common, such that when all species have equal

abundance in the community, was calculated following Kent and Coker

(1994).

Equitability (evenness) J = 


s

i

pipi
1

ln

lnS …….. (6)

Where pi, ln S and ln refer (4)

SPSS-15 GLM (General Linear Model) software analysis was applied to

detect effects of land use types and sites on encroachment of woody plants

and herbaceous grass species composition. Multiple comparison of means

for each class variable (study sites, land uses, density, evenness, diversity

etc.) was carried out using the Student–Newman–Keuls (SNK) test at 5%

level of significance (a = 0.05).

In order to assess relation between woody species density and herbaceous

species diversity (Shannon Species diversity index- H', evenness index - J

and species richness) correlation analysis were employed. For data that did
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not require analysis, simple descriptive statistics were employed where

appropriate.
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4.Results

4.1. Density and composition of woody species

4.1.1. Density of woody species

The overall mean density of total woody species in the study area was 4185

ha ̄ ¹ with the range of 2175 to 7750 ha ̄ ¹. The mean density of total wood

species significantly (P < 0.05) differed both across the sites and land use

units. The mean density of total woody species was significantly higher in

Sebante (5139 ha ̄ ¹) than Mormora and Debelebedena (3911 ha ̄ ¹ & 3506

ha ̄ ¹ respectively). The mean total woody density was significantly greater

in Kalo (4839 ha ̄ ¹) and Worra (4306 ha ̄ ¹) than Foora (3411 ha ̄ ¹).

Fig. 9 Mean woody density both per study site (A) and land use units (B)
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Plate 2 Sabansa guracha (A.senegal)

Plate 3 Wanga (A. oerfota)
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Plate 4 Encroached condition

Plate 5 Degraded condition
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The difference between the mean densities of mature trees/shrubs

statistically was not apparent both across the sites and land uses; however

it was greater in Sebante and Woora than the other sites and land use units

respectively. The mean density of saplings was significantly higher in

Sebante than other sites; however the difference between land use units was

not apparent. The mean density of seedlings was higher in Sebnate than

Debelebedana, but there was significance difference between Sebante and

Debelebedana as well as Debalebedana and Mormora. However, the density

of seedlings in Kalos significantly exceeded those in Fooras and Worras.

Table 3. ANOVA Summary for woody plant denisty across study sites

and land use units

Variable F –ratio Sig. P-value

TWD T/SD SAD SED TWD T/SD SAD SED TWD T/SD SAD SED

Study site 8.632 2.075 6.021 3.851 0.002* 0.149 0.008* 0.037* 0.05 0.05 0.05 0.05

Land use

unit

6.212 3.125 0.886 6.602 0.007* 0.064 0.426 0.006* 0.05 0.05 0.05 0.05

* =significant

Where, TWD – total woody density, T/SD – tree/shrub density, SAD- sapling density, &

SED-seedling density

Table 4 shows Acacia drepanolobium, A. melifera, A. bussei, A.bresvispica,

A. senegal and A. oerfota only contributed 56% (18%, 11%, 9%, 8%, 5%, &

5% respectively) of the total mean woody density of the study area. The

density of woody plants species in the Borana low land is given in Appendix

2.
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Table 4. Mean density of woody species that have highest density

No Species name Mean Density

per hectare

%of the

total

Cumulative

%

1 Acacia

drepanolobium

744.444 18% 18%

2 Acacia mellifera 435.185 11% 29%

3 Acacia bussei 394.444 9% 38%

4 Acacia brevispica 340.741 8% 46%

5 Acacia senegal 212.963 5% 51%

6 Acacia oerfota 207.407 5% 56%

7 Others 1849.9999 44% 100%

8 Total 4185.185 100%

4.1.2. Species diversity, evenness and richness of woody species

A total of 72 species representing 32 families were recorded in the three

sites studied. As shown in Table 5, SPSS-GLM analysis showed that there

was no significant difference between study sites and land use units on the

species diversity, species richness and evenness of woody species.
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Table 5. ANOVA Summary for Woody plants species diversity, evenness

and richness across study sites and land use units

Variable F –ratio Sig. P-value

H’ J Rich. H’ J Rich. H’ J Rich.

Study site 0.25 0.25 0.74 0.77 0.25 0.49 0.05 0.05 0.05

Land use unit 1.84 1.84 0.39 0.18 1.84 0.67 0.05 0.05 0.05

Not significant Where, H’=Shannon-Wiener diversity index, J=evenness

& Rich= Species richness

4.1.3. Species frequency, dominance and abundance of woody plants

The most frequently existing species were Acacia mellifera (100%), A. bussei

(96%), A. drepanolobium (89%), Grewia villosa (70%), and A. brevispica

(63%). Similarly the most dominance species were A. drepanolobium, A.

oerfota, A. brevispica, A. mellifera, and A. bussei; while the most abundance

species were A. drepanolobium, A. oerfota, A. bersvispica, A. mellifera, and A.

bussei (Appendix 2).

4.2. Impacts of the encroaching woody plant species on the

diversity of the annual herbaceous plants

A total of 18 grass species representing 2 families recorded in the study

area. SPSS 15 -correlation analysis result showed that herbaceous grass

diversity, evenness and richness negatively correlated (r=-0.520, p<0.01, r=-

0.513, p<0.01 and r=-0.741, p<1 respectively) with woody plants density

(Fig. 9 and Table 6).
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A

B

C

Fig 10. Graphs showing correlation trends between woody density and grass species diversity

(A) evenness (B) and richness (C)
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Table 6 Correlation coefficient for grass species diversity parameters and

woody species density

Grass species

diversity H’

Grass species

evenness J

Grass species

richness

Total woody

density -0.520** -0.513** -0.741**

** Correlation is significant at the 0.01 level (2 tailed)

The grass species like Cenchrus cilarias, Cynodon dactylon, Chrysopogon

aucheri, Dactyloctenium aegyptium, etc. occurred were most frequently,

while the most dominant were Digitaria macroblephara, Chrysopogon

aucheri, Eleusine intermedia, Lintonia nutans, Cynodon dactylon, etc.

Besides, grass species like Chrysopogon aucheri, Eleusine intermedia,

Digitaria macroblephara, Cynodon dactylon, Lintonia nutans, etc. were found

with highest density and the most abundant species were Digitaria

macroblephara, Chrysopogon aucheri, Eleusine intermedia, Lintonia nutans,

Cynodon dactylon, etc. (Table 7)

The mean Shannon Species diversity index (H') of grass species was 1.65

which varies from 1.19 up to 2.48. Similarly the evenness index (J) of grass

species varied from 0.41-0.86 with mean of 0.57across the study area. SPSS

15-GLM analysis revealed that Shannon Species diversity index (H') and the

evenness index (J) of grass species significantly differ across the study sites

(P < 0.05) but the difference between land use units was not apparent.

Debelebedana was found more diversified with H' value of 1.89 than

Mormora and Sebante which had 1.61 & 1.45 respectively. In addition,

grass species in Debelebedana were found more evenly distributed than in

Mormora and Sebante.
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Table 7 Species composition of grass species in terms of frequency,

density, abundance, and dominance in the Borana rangelands

Botanical name Frequency Density Abundance Dominance

1 Bothriochloa radicans 44.44 240.74 5.42 3.57
2 Cenchrus ciliaris 66.67 262.96 3.94 2.60
3 Chrysopogon aucheri 55.56 1059.26 19.07 12.56
4 Cynodon dactylon 59.26 477.78 8.06 5.31
5 Cyperus amauropus 48.15 248.15 5.15 3.39
6 Dactyloctenium aegyptium 51.85 411.11 7.93 5.22
7 Digitaria macroblephara 40.74 829.63 20.36 13.41
8 Digitaria naghellensis 44.44 285.19 6.42 4.23
9 Eleusine intermedia 48.15 859.26 17.85 11.75
10 Eragrostis capitulifera 51.85 362.96 7.00 4.61
11 Heteropogon contortus 29.63 137.04 4.63 3.05
12 Lintonia nutans 37.04 466.67 12.60 8.30
13 Panicum maximum 37.04 244.44 6.60 4.35
14 Panicum repens 22.22 96.30 4.33 2.85
15 Pennisetum glaucifolium 37.04 248.15 6.70 4.41
16 Pennisetum setaceum 14.81 85.19 5.75 3.79
17 Setaria verticillata 25.93 118.52 4.57 3.01
18 Sporobolus pellucidus 14.81 33.33 2.25 1.48

Marked differences (P<0.05) were observed in grass species richness both

between study sites and land use units. Results on the species richness for

the land use units revealed that the highest number of species was recorded

in Foora, followed by Woora and thirdly by Kalo. Among the study sites in

Debelebedana the highest number of species was recorded, followed by

Mormora and the least number was recorded in Sebante.
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Table 8 ANOVA Summary for grass species diversity, evenness and

richness across study sites and land use units

Variable F –ratio Sig. P-value

H’ J Rich. H’ J Rich. H’ J Rich.

Study site 6.998 6.998 4.310 0.004* 0.004* 0.026* 0.05 0.05 0.05

Land use unit 0.077 0.077 4.417 0.926 0.926 0.024* 0.05 0.05 0.05

*=significant Where, H’=Shannon-Wiener diversity index, J=evenness &

Rich= Species richness

4.3. Pastoralist attitude on the possible causes of the

encroachment of woody plant species and their challenges

The group discussion that was made with the pastoralists indicated that

encroachment of woody species to the former grassland has been the major

challenge to the livelihoods of Borana pastoralists in terms of reducing

forage productivity for livestock rearing. The pastoralists point out that the

main causes for tree/shrub encroachment to the rangeland are: restriction

to indigenous rangeland management system such as prescribed bush

burning; the decline of traditional rangeland management system (TRMS)

that was practiced for a long period of time by traditional institution leader

(Jarsa dheeda) due to faulty development interventions; overstocking of

livestock caused by recurrent conflicts and introduction of private grazing

reserves which results in grazing area shrinkage, climate change

characterized by erratic rainfall and recurrent drought; and change in

pastoral livelihood strategy such as introduction of sedentary farming.

The respondents identified tree species like Acacia nubica, A. senegal, A.

reficiens, A. drepanolobium, Dichrostachys cinerea, A. mellifera, Dracenacea
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ellenbeckiana., Commiphora tenuis, A. seyal, A. bussei, Commiphora

habessinica, and A. nilotica are the major encroaching trees/ shrub species

in to their rangelands. Besides, they also identified like Tephrosia

pentaphylla, Achyrocline glumacea, Asystasia excellens and Tephrosia

pentaphylla as a major forbs/ shrubs that are invading the rangeland.

Pastoralists perceived that most Acacia species like A. drepanolobium,

produces enormous seeds that can be dispersed easily with livestock and

runoff and regenerate easily.

According to the respondents, the main challenge of invasion of

trees/shrubs and unpalatable forbs to their rangeland are reduction of

available herbaceous grasses for livestock (especially cattle as mostly

Borana Oromos are cattle rearing pastoralists). Hence, Borana pastoralists

perceived that there is disappearance of some important grass species like

Matagudesa(Cenchrus ciliaris), Ilmogori (Digitaria naghellensis), Salaqo

(Sporobolus pellucidus), Hiddo (Digitaria macroblephara), Alaloo (Chrysopogon

aucheri), Lensile and Roobanjiresa .The situation is apparent in reduction in

milk and meat production, reproductive failure due to poor conception and

prolonged calving in cows and delayed puberty of heifers and bulls. These

resulted in retarded growth of calves, loss of resistance to disease and pest,

decreased hard size, and the ultimate result is food insecurity to the Borana

Oromos.

Against the above condition, the pastoralists diversified their herds with

shoats (mainly goats) and camel, introducing opportunistic crop farming

mainly maize and private grazing reserve as copping mechanism. As a

controlling mechanism, with the support of government and NGOs there is a

selective bush clearing and range rehabilitation initiatives undertaking with

either food for work and cash for work base. The respondents perceived that

such interventions improved grass species composition and availability of
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animal feed well. Furthermore, the respondents witnessed that very recently

the government allowed controlled fire in such a way that local controlled

fire committee was established at PA level and manage bush firing. However,

according to the respondents there is no sufficient herbaceous grass layer to

conduct rangeland burning as required. So far in any of the study site bush

burning had not yet been accomplished.
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5.Discussion

5.1. Density of woody species

In Borana rangelands woody plant encroachment has increased overtime;

the mean woody species density was 3014 ha ̄¹ in 2006 (Gemedo Dalle et al.,

2006), 4185 ha ̄¹ with the current study. According to Roques et al., (2001;

cited in Gemedo Dalle et al., 2006) 2400woody plants ha ̄¹ was considered a

borderline between non encroached and encroached condition and a 2500

tree equivalent ha ¹̄ is considered as the highly encroached condition. It can

be understood from this study that woody plant encroachment has been

beyond the threshold level and the Borana rangelands were considered to be

in highly encroached condition. Foora land use unit had significantly lower

density of overall woody plants expressed in terms of Tree Equivalents (TEs)

than the other land use units. In addition, densities of overall woody plants

at Kalo and Worra were not statistically apparent but higher densities were

recorded at Kalos. However, the density of seedlings in Kalos was

significantly higher than those in Fooras and Worras. The relatively higher

densities of woody plants occurrence at Kalos might associate with reduced

grazing pressure in Kalos compared to other land use units. Similarly, in

Borana rangeland, Ayana Angassa (2007) showed that reduced grazing

pressure in enclosures compared to the open grazed areas resulted in

increased densities of woody plants, suggesting that bush encroachment is

a greater threat within enclosures than in the open grazed rangelands.

Comparable research conducted in northern Kenya (Oba et al., 2001) and

northern Ethiopia (Emiru Birhane, 2002) suggested that higher woody

species density occurred in area enclosures. In contrast, Solomon Tefera et

al., (2006b) reported that enclosure had a lower density of woody plants

than other land use systems. According to Solomon Tefera et al., (2006b),

the lower density of woody plants on the Kalos can ascribed to the
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maintenance of nearly optimum stocking rate as well as a recurrent

mechanical clearance of woody plants. However, Ayana Angassa (2007)

confirmed that there was not strong evidence in increased regeneration of

woody plant density with heavy grazing, rather the opposite. Furthermore,

heavy grazing is not a sufficient cause of bush encroachment and for

example heavy bush encroachment reported in Namibia was not due to

heavy grazing but due to other independent historical records (Ward, 2005).

The enclosures probably provide safer sites for the seeds of the encroaching

species than the open grazed areas. Besides, there was also little evidence

that mechanical clearance of woody plants on the traditional grazing

reserves (Kalos) has been maintained by Borana pastoralists.

The Borana grazing lands in southern Ethiopia traditionally comprised the

Liiban, the Dirre and the Golbo production systems in correspondence with

the geographical divisions of Borana land (Oba & Kotile 2001). According to

Oba & Kotile (2001), woody cover differed significantly between landscapes

in different production systems. According to the same authors’, the

changes in woody cover in different parts of the grazing lands have had

varied history. Some of the woodlands have been present for more than 40

years. In other landscapes, changes in woody cover were more recent. This

was represented by the landscapes in the Dirre production system, while in

the Liiban and the Golbo production systems; bush cover growth begun

earlier than four decades ago. Therefore, the higher woody density at

Sebante than Mormora and Debelebedana might be associated with Sebante

being in Golbo production system and Mormora and Debelebedena are

found in Dirre production system.
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5.2. Impacts of the encroaching woody plant species on the

diversity of the annual herbaceous plants

One of the major objectives of this study was to investigate the impact of

woody plants on herbaceous grass diversity in the Borana rangelands. The

results indicated that the herbaceous grass diversity negatively correlated

with woody plants density. Encroachment of woody plants jeopardizes

grassland biodiversity and threatens the sustainability of pastoral

subsistence and commercial livestock grazing (Archer, 2003; Richter et al.,

2001 both cited in Gemedo Dalle et al., 2006). According to Smit (2003) and

Oba et al., (2001), savanna grasslands are threatened by bush

encroachment particularly through the suppression of herbaceous biomass

production and probably also by reduced biodiversity. Response of different

bush encroachment controlled method demonstrated by Ayana Angassa

(2007), promoted herbaceous species richness in terms of herbaceous plant

biomass and restoration of plant biodiversity. Therefore, the new

herbaceous species that were recorded in response to the demonstrated

bush control treatments are probably those that decreased under bush

encroachment (Ayana Angassa, 2007). Similar results in other studies

showed that increase in encroachment of woody plant and herbaceous

biomass production was negatively correlated (Ayana Angassa, 2005;

Gemedo Dalle et al., 2006; Oba & Kotile, 2001). Bush encroachment results

in suppression of palatable grasses and herbs that reduces carrying

capacity for livestock by encroaching woody species often unpalatable to

domestic livestock (Ayana Angassa, 2002; Ward, 2005).

The same result was found with the current study that there was a decrease

of Shannon Species diversity index (H'), relative number of species present

(evenness index J) and total number of species present (richness) of grass

species with increment of woody plant density in the Borana rangelands.



56

Therefore, the current survey revealed that increasing problem of bush

densities adversely impacted diversity, relative abundance and occurrence

of grass species. Consequently, the encroachment might result in the

reduction in carrying capacity for livestock production and lowering food

security and nutrition in Borana. Therefore, it is of great significance

because the livelihood of the rapidly growing human population of Borana

pastoralists is threatened by this process.

5.3. Pastoralist attitude on the possible causes of the

encroachment of woody species and their challenges

The Borana pastoralists perceived that the grazing system of Borana plateau

have become increasingly unsustainable in recent decades; due to human

population growth, restriction and decline of traditional range management

system, climate change in terms of erratic rainfall & recurrent drought, and

evolution of pastoral livelihoods which might collectively resulted rangeland

degradation in terms of bush encroachment as well as soil erosion. High

population growth and heavy grazing by livestock resulted in reduced

mobility of pastoralist that in turn resulted in overgrazing of grasses and in

invasion of unpalatable forbs, herbs and bushes. Traditionally prescribed

fire is the most cost-effective method of manipulating vegetation in Borana

lowland; as burning encourages the growth of new grass shoots, increases

grass density and destroys unpalatable dried and very mature grass as well

as undesired bushes and herbs, snakes, ticks and other biting insects.

However since the Geda of Jeldesa Liban (1970), controlled fire was banned

to protect forests and other natural resources of the nation (Ayana Angassa,

2005). An intended consequence of the national policy resulted in restriction

of such a valuable tool of controlling tree-grass density in the rangelands.

Since then, therefore, gradually unwanted grass/herbs/shrub species got

the chance to grow and overtake the former grass lands. According to CRSP
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(2007), the use of fire as rangeland management tool is gaining positive

attention of the government. On the basis of information obtained from the

pastoralists, using controlled fire as rangeland management tool is allowed

in such a way that locally controlled fire committee was established at PA

level and manages bush burning. The respondents further noted that there

is no sufficient herbaceous grass layer to conduct rangeland burning as

required. The pastoralists argued that most of the grazing lands are devoid

of herbaceous plant cover and there are no fuel loads available to conduct

bush burning.

Pastoralists believed that construction of water points in wet season grazing

areas made them to be accessed throughout the year and disturbed the

traditional wet-dry season mobility pattern of livestock. Then, the same land

was subjected to intense grazing pressure and this in turn resulted in

further exacerbating the down ward spiral, which is, overtaking of

encroaching and unpalatable forbs, shrubs and trees. According to the

World Bank web site¹, the Borana pastoralists in southern Ethiopia and

northern Kenya developed an exceptionally efficient system of managing

natural resources. The supply of permanent water was limited to clusters of

deep wells in a central area. Access to water determined the utilization of

the surrounding pastures. Herds were moved between dry and wet-season

pastures. Social organization coordinated and enforced decisions in

rangeland management among multiple resource users and made the

Borana reach an outstanding level of productivity in terms of livestock and

rangeland resources¹. However, research and development interventions

ignored the Borana knowledge and skills in rangeland management.

Interventions aimed at increasing rangeland production started in the 1970s

(Coppock, 1994; CRSP, 2007). Construction of watering ponds in wet-

season grazing areas was intended to release grazing pressure from the dry-
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season pastures. Instead, it opened the wet-season area up for year-round

grazing and attracted other neighboring pastoralists to the wet season

grazing. This effectively denied the Borana access to the most fertile

pastures, destroyed reciprocal arrangements between Borana and pastoral

neighboring communities and fuelled ethnic conflict.

According to the respondents, climate change in terms of drought and

erratic rain fall resulted in bush encroachment and range degradation. Most

of the respondents believed that due to climate change and its subsequent

result in shortage and/or absence of rainfall favored shrubs / trees than

herbaceous grasses as shrubs / trees are more tolerant than grasses.

Besides, during drought grasses were more subjected to intense grazing and

removed from the land. In addition, pastoralists believed that due to erratic

rain fall and consecutive drought, faulty water development intervention

without considering indigenous rangeland management system and

governmental strategy which results in permanent settlement, introduction

of agriculturalists from the high lands on the pastoralists area during

Emperor Haielselasie I regime, small scale resettlement program, over

population and overgrazing, and livestock disease in resulted rangeland

degradation & shrinkage of grazing land; consequently unsustainable

pastoral production system. All the above factors modified their livelihood

strategy primarily by introducing sedentary farming and camel rearing.

However, crop farming resulted in shrinkage of grazing land which in turn

resulted grazing of the same land in all seasons (Alemayehu Mengistu,

1998). Repeated and intense grazing might not give chance to heading and

subsequent seed setting is another threat for the disappearance of some

grasses and provides comparative advantage for bush to establish. However,

due to low, erratic and unreliable rain fall, poor soil condition, soil erosion

and farming system, pest and disease, and lack of suitable crop variety
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which tolerates the environment, crop cultivation is not profitable and

sustainable venture in the area rather it exacerbated rangeland degradation

through shrinkage of the grazing area. According to Oba (1998), crop

harvest is one out of three years due to unreliable rainfall in the area;

unfortunately in response to the invasion of trees to the rangelands, there

was an increase in land allocated to crops. Moreover, originally the Borana

pastoralists specialized in cattle maintain three combined livestock species,

which include cattle, goats, sheep and in rare cases camels. But as coping

mechanism for drought and bush encroachment camel rearing was

introduced recently. According to the informants, while the camels browse

on Acacia and other encroaching species, their seeds are not digested but

released through faeces and then regenerate again in mass. Thus all species

were believed to have been widely distributed with the expansion of camel to

Borana land.

Respondents asserted that, all the above conditions gear towards the

invasion of trees/shrubs/ bushes on the former grass land in the Borana

rangelands. Invasion of woody plants decreased grasses and grazing lands

resulting in lack of forage resources, which ultimately made them food

insecure. With deterioration in the rangelands, the livestock sector alone

can no longer meet all the dietary and economic needs of pastoralists. As

internal response to the above conditions of growing food insecurity and

means of economic diversification; crop cultivation, diversification of herds

through introduction of camel husbandry as well as rearing more shots

than before, and introduction of privately owned Kalos (traditional grazing

reserve) were employed by pastoralists. However, the Borana cultivators

seldom produce enough, even during favorable seasons and home produced

grain is barely sufficient for more than few months. These days, however,

harvest failures and reduced yields are becoming increasingly common. As
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explained above crop production is not a sustainable approach in the

Borana due to short rainfall regime and poor soil condition of the area.

Rather it aggravated range degradation by shrinking more fertile rangelands

as farming usually expanding on plain areas with higher moisture content

and more of fertile soils (Coppock, 1994; and Kejela et al., 2005).

Respondents also argued that introduction of privately owned grazing

reserve resulted in range degradation through shrinking grazing land and

disturbing the normal mobility of livestock between wet-dry seasons that

was practiced when rangelands owned commonly. However, according to the

Borana’s traditional resource-use system communal resource-tenure

regimes were designed for extended user groups to coordinate access to

shared grazing resources in normal years and to allow for negotiations over

use of key resources during times of scarcity. Hence, social organization

coordinated and enforced decisions in rangeland management among

multiple resource users and enables them to reach outstanding level of

productivity in terms of livestock productivity and range management.

Nevertheless, privately owned grazing reserves disrupt the traditional

system and aggravated range degradation.

In addition, bush encroachment controlling interventions through manual

selective bush clearing efforts have been made by different projects in the

area through either cash or food for work practices. Pastoralists perceived

that such efforts improved grass availability and range conditions. As bush

clearing is labour intensive and pastoralists cannot afford to launch bush

clearing programs on a significant scale; subsidizing the manual clearing of

the bush might be strategic planning approach. However, such intervention

might result in development of dependency of the pastoralists on external

aid for their problems. Therefore, projects should introduce a number of

socio-economic incentives that would encourage pastoralists to participate



61

in bush encroachment restoring the land to have a healthier and

ecologically balanced state.
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6.Conclusion and Recommendations

The study showed that bush encroachment is the most important factor

hampering sustainable livestock production and improved standards of

living in the Borana lowland. Tree/shrubs/bush invasion is to their prime

grazing lands very far beyond the threshold level; and the grazing system of

the Borana plateau have become increasingly unsuitable in recent decades

due to range degradation in the form of woody plant encroachment.

Consequently, herbaceous forage production for livestock can be reduced,

progressive degradation of range resource and poverty among the pastoral

community has occurred. The major encroaching species were Acacia

drepanolobium, A. mellifera, A. bussei, A. bresvispica, A. senegal, A. oerfota

and Commiphora species. Restriction to indigenous rangeland management

system such as prescribed bush burning; the decline of traditional

rangeland management system that was practiced for long period of time by

traditional institution leader (Jarsa dheeda) due to faulty development

interventions; overstocking of livestock caused by recurrent conflicts and

introduction of private grazing reserves which resulted in grazing area

shrinkage, climate change characterized by erratic rainfall and recurrent

drought; and change in pastoral livelihood strategy such as introduction of

sedentary farming were suggested factors for the causes of increased

dominance of woody species in the former grass land of Borana low land.

Woody plants encroachment is among the biggest problems in the Borana

rangelands. Researches indicated that the initial shift across the boundary

between grassland and shrub-invaded grassland is not reversible on a

practical time scale without substantial intervention.
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Therefore, the following recommendations are made for future interventions

by different actors against bush encroachment problems in particular and

improving the livelihoods of the Borana pastoralists in general:

 Socio-economic incentives for public participation in bush control

methods: Bush encroachment should explicitly be regarded as a

community and societal problem and not simply as a private problem for

pastoralists. This means that it should be approached as a problem that

Government, pastoralists, the public and the private sector need to take

ownership of. This could be possible through:

 Institutionalizing: small scale woody industries can be

established that can benefit through utilization of the available

wood. This could be in the form of a cooperative, parastatal or

private company responsible for buying and marketing wood

products at a national as well as an international level. Such wood

industry offers the best option for a sustainable solution of the

problem, and will simultaneously create job opportunities for

several people.

 Subsidization of labour-intensive bush clearing measures: the

practices of manual bush clearing recommended for controlling

bush encroachments is very expensive and labour intensives. The

vast majority of communal pastoralists cannot afford to launch

bush clearing programs on a significant scale. It is of paramount

importance, therefore, to consider subsidizing labour- intensive

bush clearing methods by means of subsidies for the manual

clearing of the bush is a strategic planning approach. It helps to

create employment opportunity in the area. Hence, it has been

implemented in the area with both government and some NGOs
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working in the area. However, such intervention might result in

development of dependency of the pastoralists on external aid for

their problems. Therefore, projects should introduce a number of

socio-economic incentives that would encourage pastoralists to

participate in bush encroachment restoring the land to have a

healthier and ecologically balanced state.

 Long term research: to combat bush encroachment different bush

encroachment control methods should be tested in terms of their

environmental impact and social acceptability. Furthermore research

should also be made on range ecology that focus on physiological

relations between targeted encroacher species on favoring one another on

their successive establishment in new area.

 Reutilizing of Fire as rangeland management tool: is the cheapest and

most feasible option. Currently the use of fire as rangeland management

tool is gaining positive attention of the government. However, currently

due to severe degradation in the area there is no enough herbaceous fuel

loads to implement prescribed burning. Therefore, innovative approaches

should be employed by integrating both traditional and modern bush

burning systems to gain the anticipated results.

 Policies and Legislations: For many years it has been believed that

problems in natural resources should and could be encountered through

scientific and technological solutions alone. With experience of Borana it

was realized that the degradation process, with bush encroachment as a

prominent symptom, could also be ascribed to policy failures, mainly in

the socio-economic field. Therefore, future development intervention

should be based on mutual understanding of the targeted community

with continuous pastoral experimentation and negotiations. Innovative
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approach should be employed to integrate indigenous and external

knowledge in development planning and decision making in the area.

This can be possible through identifying the indigenous knowledge &

traditional institutions responsible for; as well as creating multi-

stakeholder platform that enables the exploration of the potentials and

constraints of IK-based and the conventional top-down development

approaches with different stakeholders working in the area. Besides, the

formulation of a policy to manage woodlands and savannas needs to be

seen as an urgent priority. Government should also commit itself in

terms of direct involvement and support bush encroachment control

initiatives. A woodland management policy and plan should be

introduced under the forestry, natural resources, environmental and

biodiversity policies of the country.

 Helping pastoralists’ adaptations strategies: it is not possible

restructuring the traditional range management system and reversing or

returning to the original system overnight. However, many Borana

households depend on additional sources of income and can no longer

survive on cattle based pastoralism. Consequently, the Borana herders

made adjustment in their livelihoods like income diversification in

response to range destabilization due to bush encroachment to reduce

adverse effect or to take opportunity of it. Therefore, for helping such

initiatives of the herders in future, development plans should focus on

diversification of income through improvement of the accessibility of

marginalized rangeland resources like promotion and commercialization

of the traditional /functional uses of woody species (gum and resin) as

well as integrating camels and small ruminants with cattle based

pastoralism.
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8.List of Appendices

Appendix 1. List of plant species in study area

Growth form: Tree (T), Shrub (S), Tree or Shrub (T/S), Grass (G), Woody
climber (WC), Forbs (F).

No Botanical Name Vernacular name Family Growth form

1 Abutilon hirtum(Lam.) Sweet Gurbii daalatii Malvaceae S

2 Acacia brevispica Harms Hammareessa Fabaceae S

3 Acacia bussei Harms ex Sjostedt Hallo Fabaceae T

4 Acacia drepanolobium Harms ex
Sjoest.

Fuleensa Fabaceae S

5 Acacia etabaica Schweinf. Alqabeessa Fabaceae T

6 Acacia hockii De Willd. Dabbasoo Fabaceae S

7 Acacia mellifera (Vahl.)Benth. Saphansa gurraacha Fabaceae T/S

8 Acacia nilotica nilotica (L.) Willd. ex
Del.

Burquqqee Fabaceae T

9 Acacia oerfota (Forssk.) Schweinf Waangaa Fabaceae S

10 Acacia Senegal (L.) Willd. Saphansa diimaa Fabaceae S

11 Acacia seyal Del. Waaccuu diimaa Fabaceae T

12 Acacia sp. Bokossaa Fabaceae S

13 Acacia tortilis(Forssk.) Hayne Dhaddacha Fabaceae T

14 Achyrocline glumacea(DC) Oliv. &
Hiern

Darguu adii Asteraceae F

15 Albiziz amara(Robx.) Boiv. Ondoddee Fabaceae T

16 Asparagus racemosus Willd. Sariitii Asparagaceae WC

17 Asparagus scaberulus A.Rich. Ergemsa Asparagaceae WC

18 Balanites aegyptiana (L.) Del. Baddana lu’oo Balanitaceae T/S

19 Barleria argentea Balf.f. Agaggaroo Harree Acanthaceae F
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No Botanical Name Vernacular name Family Growth form

20 Bidens hildebrandtii O.Hoffm Abunee Asteraceae S

21 Blepharispermum pubescens
S.Moore

Baanyaa Asteraceae S

22 Boscia mossambicensis Klotzsch Qalqacha Capparidaceae T

23 Boswellia neglecta S.Moore Dakkara Burseraceae S

24 Bothriochloa radicans(Lehm.)
A.Camus

Saagettuu(Buuyyoo
xirooftuu)

Poaceae G

25 Cenchrus ciliaris L. Mata guddeessa Poaceae G

26 Chenopodium opulifolium ex.Koch. &
Ziz. Schrad

Ononnuu Chenopodiaceae F

27 Chionothrix latifolia Rendle Garbicha Amaranthaceae S

28 Chrysopogon aucheri (Boiss.)Stapf. Alaloo Poaceae G

29 Cissus rotundifolia (Forssk.)Vahl Cophii Kooraa Vitaceae HC

30 Cladostigma hildebrandtioides Hall.f. Gaalee Convolvulaceae WC

31 Commiphora africana(A.Rich.) Engl Hammeessa dhiiroo Burseraceae S

32 Commiphora erythraea(Ehrenb.)
Engl.

Agarsuu Burseraceae T

33 Commiphora habessinica. (Berg)
Engl.

Callaanqaa Burseraceae S

34 Commiphora schimperi(Berg.) Hammeessa qayyoo Burseraceae S

35 Commiphora sp. Hoomachoo Burseraceae S

36 Commiphora tenuis Vollensen Angullee Burseraceae S

37 Cordia siriensis Lam. Madheera raphachoo Boraginaceae S

38 Cynodon dactylon(L.) Pers. Sardoo Poaceae G

39 Cyperus amauropus Steud. Saattuu Cyperaceae SG

40 Cyphostemma sp Choppy loni Vitaceae WC

41 Dactyloctenium aegyptium(L.) Willd. Ardaa Poaceae G

42 Dichrostachys cinerea(L.) Wight et
Arn.

Jirimee Fabaceae T/S
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No Botanical Name Vernacular name Family Growth form

43 Digitaria macroblephara(Hack) Stapf Hiddoo Poaceae G

44 Digitaria naghellensis Lebrum. Ilmoogorii Poaceae G

45 Dodonea angustifolia L.f. Dhitacha Sapindaceae S

46 Eleusine intermedia(Chiov.)
S.M.Phillips Engl.

Coqorsa Poaceae G

47 Endostemen tereticaulis Urego F

48 Eragrostis capitulifera Chiov. Biilaa mataa furdaa Poaceae G

49 Euclea divinorum Hiern. Mi’eessaa Ebenaceae T/S

50 Grewia bicolor A.Juss. Harooressa Tiliaceae S

51 Grewia tembensis Fresen Dheekkaa Tiliaceae S

52 Grewia tenax (Forssk.) Fiori Saarkama Tiliaceae S

53 Grewia villosa Willd Ogomdii Tiliaceae S

54 Harmsia sidoides K.Schum Qaxxee Sterculiaceae S

55 Heteropogon contortus(L.) Roem &
Schult

Seericha Poaceae G

56 Hibiscus aponeurus Sprague &
Hutch.

Bungaala Malvaceae S

57 Indigofera volkensii Taub. Gurbii hoolaa Fabaceae F

58 Ipomoea marmorata Britt & Rendle Obbee Convolvulaceae F

59 Kleinia squarrosa Cufod. Xixiixxuu Asteraceae WC

60 Lannea rivae (Chiov.) Sacleux Handaraka Anacardiaceae T/S

61 Lintonia nutans Stapf. Hiddoo (luucolee) Poaceae G

62 Lycium shawii Furesea S

63 Maerua triphylla A.Rich. Var Dhumasoo Capparidaceae T

64 Maytenus senegalensis (Lam.) Exell. Fonkolcha Celastraceae S
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No Botanical Name Vernacular name Family Growth form

65 Ormocarpum mimosoides Walchama Fabaceae S/T

66 Ormocarpum trichocarpum (Taub.)
Engl.

Buutiyyee Fabaceae S

67 Osyris quadriparlita Waatoo Santalaceae S

68 Otostegia erlangeri Gurke Harcaa Lamiaceae F

69 Panicum maximum Jacq. Loloqaa Poaceae G

70 Panicum repens L. Hiddoo Poaceae G

71 Pappea capensis Eckl & Zey Biiqqaa Sapindaceae T

72 Pennisetum glaucifolium Hochst.ex
A.Rich

Ogoondhichoo Poaceae G

73 Pennisetum setaceum(Forssk.)
Chiov.

Biilaa1 Poaceae G

74 Phyllanthus sepialis Muel.-Arg.
Dhirrii

worseesoo Euphorbiaceae S

75 Plectranthus tenuiflorus (Vatke)
Agnew

Barbaaressa Lamiaceae S

76 Premna schimperi Engl. Xaaxessaa Verbenaceae S

77 Pyrostria phyllantheoidea(Baill.)
Brids

Ladhana Rubiaceae S

78 Rhus natalensis Berah. ex Krauss Daboobessa diidaa Anacardiaceae S

79 Sesamothamnus rivae Engl. Lalaaftoo Pedaliaceae T

80 Setaria verticillata(L.)P.Beauv. Raaphuphaa Poaceae G

81 Solanum somalense Franchet Hiddii gaagee Solanaceae S

82 Sphaeranthus ukambensis Vatke &
Hoffm

.Awaayyee Asteraceae F

83 Sporobolus pellucidus Hochst. Salaqoo (Saamphillee) Poaceae G

84 Tagetes minuta L. Suunkii Asteraceae F

85 Tephrosia pentaphylla Roxb.) G.Don. Darguu Fabaceae F
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No Botanical Name Vernacular name Family Growth form

86 Terminalia brownii Fresen Birreessa Combretaceae T

87 Terminalia prunioides Laws Qorobboo Combretaceae S

88 Solanum incanum L. Hiddii waato Solananceae F

89 Vepris glomerata(F.Hoffm.) Engl. Var
glomerata

Karroo Rutaceae S

90 Ziziphus sp. Ogoora gaalaa Rhamnaceae S
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Appendix 2. Frequency, density, abundance, & dominance of woody
species in the study sites

No Botanical name Frequency Density Abundance Dominance

1 Abutilon hirtum
18.52 4.63 1.00 0.26

2 Acacia brevispica
62.96 340.74 21.65 5.53

3 Acacia bussei
96.30 394.44 16.38 4.19

4 Acacia drepanolobium
88.89 744.44 33.50 8.56

5 Acacia etabaica
40.74 75.00 7.36 1.88

6 Acacia hockii
29.63 80.56 10.88 2.78

7 Acacia mellifera
100.00 435.19 17.41 4.45

8 Acacia nilotica
40.74 48.15 4.73 1.21

9 Acacia oerfota
37.04 207.41 22.40 5.72

10 Acacia senegal
59.26 212.96 14.38 3.67

11 Acacia seyal
25.93 59.26 9.14 2.34

12 Acacia sp.
11.11 20.37 7.33 1.87

13 Acacia tortilis
22.22 25.00 4.50 1.15

14 Achyrocline glumacea
3.70 4.63 5.00 1.28

15 Albizia amara
3.70 0.93 1.00 0.26

16 Asparagus racemosus
51.85 22.22 1.71 0.44

17 Asparagus scaberulus
18.52 17.59 3.80 0.97

18 Balanites aegyptiana
25.93 12.96 2.00 0.51

19 Barleria argentea
22.22 12.96 2.33 0.60

20 Bidens hildebrandtii
18.52 4.63 1.00 0.26
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No Bitanical name Frequency Density Abundance Dominance

21 Blepharispermum
pubescens

14.81 37.04 10.00 2.55
22 Boscia mossambicensis

29.63 10.19 1.38 0.35
23 Boswellia neglecta

14.81 14.81 4.00 1.02
24 Chenopodium

opulifolium
22.22 5.56 1.00 0.26

25 Chionothrix latifolia
33.33 14.81 1.78 0.45

26 Cissus rotundifolia
7.41 4.63 2.50 0.64

27 Cladostigma
hildebrandtioides

18.52 14.81 3.20 0.82
28 Commiphora africana

51.85 29.63 2.29 0.58
29 Commiphora erythraea

40.74 26.85 2.64 0.67
30 Commiphora

habessinica.
25.93 16.67 2.57 0.66

31 Commiphora schimperi
22.22 5.56 1.00 0.26

32 Commiphora sp.
59.26 82.41 5.56 1.42

33 Commiphora tenuis
14.81 3.70 1.00 0.26

34 Cordia sirensis
22.22 20.37 3.67 0.94

35 Cyphostemma sp
22.22 13.89 2.50 0.64

36 Dichrostachys cinerea
11.11 7.41 2.67 0.68

37 Dodonea angustifolia
3.70 8.33 9.00 2.30

38 Endostemen
tereticaulis

14.81 3.70 1.00 0.26
39 Euclea divinorum

51.85 80.56 6.21 1.59
40 Grewia bicolor

48.15 38.89 3.23 0.83
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No Botanical name Frequency Density Abundance Dominance

41 Grewia tembensis
59.26 60.19 4.06 1.04

42 Grewia tenax
14.81 5.56 1.50 0.38

43 Grewia villosa
70.37 82.41 4.68 1.20

44 Harmsia sidoides
62.96 158.33 10.06 2.57

45 Hibiscus aponeurus
25.93 7.41 1.14 0.29

46 Indigofera volkensii
7.41 2.78 1.50 0.38

47 Ipomoea marmorata
3.70 0.93 1.00 0.26

48 Kleinia squarrosa
29.63 12.04 1.63 0.42

49 Lannea rivae
33.33 17.59 2.11 0.54

50 Lycium shawii
14.81 15.74 4.25 1.09

51 Maytenus senegalensis
29.63 49.07 6.63 1.69

52 Maerua triphylla
14.81 12.04 3.25 0.83

53 Ormocarpum
mimosoides

18.52 24.07 5.20 1.33
54 Ormocarpum

trichocarpum
7.41 8.33 4.50 1.15

55 Osyris quadriparlita
3.70 1.85 2.00 0.51

56 Otostegia erlangeri
11.11 9.26 3.33 0.85

57 Pappea capensis
18.52 8.33 1.80 0.46

58 Phyllanthus sepialis
11.11 24.07 8.67 2.21

59 Plectranthus tenuiflorus
25.93 7.41 1.14 0.29

60 Premna schimperi
37.04 129.63 14.00 3.58
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No Botanical name Frequency Density Abundance Dominance

61 Pyrostria
phyllantheoidea 14.81 6.48 1.75 0.45

62 Rhus natalensis 55.56 33.33 2.40 0.61

63 Sesamothamnus rivae
Lalaaftoo 11.11 5.56 2.00 0.51

64 Solanum somalense 44.44 168.52 15.17 3.87

65 Sphaeranthus
ukambensis 11.11 12.04 4.33 1.11

66 Tagetes minuta 11.11 2.78 1.00 0.26

67 Tephrosia pentaphylla 25.93 43.52 6.71 1.72

68 Terminalia brownii 22.22 25.00 4.50 1.15

69 Terminalia prunioides 11.11 10.19 3.67 0.94

70 Solanum incanum L. 18.52 25.00 5.40 1.38

71 Vepris glomerata 33.33 49.07 5.89 1.50

72 Ziziphus sp. 7.41 2.78 1.50 0.38
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Appendix 3. Items for semi-structured interview

1. Name of the respondents…………. District…………

Social status……………….. Pastoral Association………….

Age……………

Sex………..

2. Is there food security problem in your locality

Yes □                         No□

If yes what are the reasons………………………..

3. Are there encroaching woody species in your location?

Yes □                         No□

3.1. If yes list them……………..

3.2. When it starts……………..

3.3. What are the main causes……………

3.4. What influences do have these species on grazing lands

4. What are the mechanisms by which encroaching woody species spread in

different areas? ...................

5. What problems did you face in your life due to the coming up of

encroaching woody species? .......................

6. Have you ever noticed the plant species disappeared due to the effect of

encroaching woody species?

Yes □                    No□

If yes, list them……………………

7. What are your coping mechanisms to eradicate these species? ...............

8. Have you ever been taught the mechanisms of preventing these species?

Yes □                         No□

If yes, mention from whom you got the lesson
Mechanism Learned from Effectiveness of the Mechanism

1. ----------------- ………………….. ………………………………………

2. …………….. …………………… ……………………………………….

3. ………………. ……………………. ………………………………………..

9. What would you say should be done to manage these species? ............
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Appendix 4. Vegetation data collection format

Appendix 4. a. Woody species floristic collection formats

Locality………………………

Functional Land Use Units …………………………

Plot no …………………………..

Latitude…………………….. Longitude…………………….. Altitude ……….

Soil Type/color ………………….

No Species Type/Local name Plant form DBH/DSH Height Remark



84

Appendix 4. b. Herbaceous species data collection formats

Locality ……………………………

Plot No ……………………………..

Sub Plot No ………………………..

Cover % ………………………………..

No Species Type/local name Plant form Frequency Remark



85

Appendix 5. Glossary of Borana Terms

Aba Hirega Delegate for water management

Aba konfi Inherited title signalizing ownership of a traditional well

Ella Traditional shallow well

Foora Grazing land use unit for dry livestock

Ganna Long rainy season

Gada is a social organization system which they use for

governing their living

Gosa Clan

Hagayya Short rainy season

Jaressa

dehheda

Elders counsel for managing communal grazing area

Kalo Enclosed grazing land use unit usually for calves

Seera Marraa

Biishannii

The low of grass and water

Tulla Traditional deep well complex

Tulla Sallan The nine traditional deep well complexes

Worra Grazing land use unit providing grazing land in

settlement areas usually for lactating livestock
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