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1. INTRODUCTION 

 

Over the last century, forest plantation using exotic trees was developed as an integral and 

crucial part of many national economy and environmental programmes. Planted trees and 

woody shrubs have provided both economic and ecological values. As a result, countries, 

international organizations, developmental programmes and industries have been exchanging 

forest reproductive materials on large scale (Haysom and Murphy, 2003). Given the current 

global agenda on trade, combating desertification, and climatic change, this exchange is likely 

to continue. Ethiopia like other world countries has also involved in exotic forest plantation.  

In contrast a separate agenda is now focused on invasive alien species (IAS), which is the 

second, next to habitat distraction to biodiversity threat (Haysom and Murphy, 2003). 

Therefore, countries should evaluate the ecological distribution and socioeconomic impact of 

these species to take appropriate management and control measures. 

In Ethiopia, there are about 22 invasive alien species (McGinley, 2007). Among these invasive 

alien species Mesquites (Prosopis juliflora), parthenium weed (Parthenium hysterophorus), 

water hyacinth (Eichhornia crassipes), Lantana camara, and Acacia species are causing major 

problems in the country. 

The invasive woody plant, P. juliflora, is an evergreen tree native to North and South America 

(Pasiecznik et al., 2003). It is the most aggressive weed that cause great devastation to 

subtropical grasslands and was thought to have been introduced to Ethiopia during the 

establishment of irrigation water development project at Middle Awash as wind break, shade 

and shelter (Abiyot Berhanu and Getachew Tesfaye, 2006). This species is now commonly 

found in Afar National Regional State (ANRS) and spreading to Oromia, Amhara, Somali, and 

Diradawa regions. Nowadays it is repeatedly reported to be one of the invasive and 

problematic trees in the Afar region as well as in the country. 

It is observed that the species has been increasing in density as well as area coverage from year 

to year even from month to month. Currently, this noxious tree heavily infests most 
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agricultural as well as potential range lands in the Afar region. The thorny nature of the plant, 

remarkable ability to withstand adverse conditions, non- browseable nature, and above all, the 

nomadic nature of the people have paved the way to invade most potential lands of the region. 

El-Keblawy (2002) indicated that P. juliflora show a great depressive effect on the number, 

density, and frequency of native vegetations. However, the long-term land use/land cover 

changes and density of P. juliflora on specific site of its first introduction, AmibaraWoreda of 

the Afar National Regional State, is not well quantified. Much of the information is non 

quantitative description about area coverage or explanation on the biological characteristic of 

the plant. 

According to Tesfaye Abebe (2004), P. juliflora shows better survival and growth rate under 

drought stress arid areas. Dissemination mechanisms of seeds by domestic and wild animals 

and the ability to germinate immediately after dispersal give P. juliflora great opportunity to 

grow faster and makes it a more adapted species to drought condition (Al-Rawahy et al., 2003; 

Hailu Shiferaw et al., 2004). The number of P. juliflora seeds in the soil seed bank is greater 

than the seeds of native tree species (Al-Rawahy et al., 2003). The plant accumulates long-

lived dormant but viable seeds in the soil serving as a source of new P. juliflora plants in the 

event of disturbance that might eliminate the above ground stands (Hailu Shiferaw et al., 

2004). According to Hailu Shiferaw et al. (2004), under optimal condition only a portion of the 

seeds (21% ) germinate at any one time, suggesting that the seeds have high dormancy caused 

by the hard seed coat. This is particularly important for species survival in arid environments 

regardless of spatial and temporal rainfall distribution (El-Keblawy and Al-Rawai, 2006). 

P. juliflora has two main ecological opportunity behaviors: seed dormancy (Hailu Shiferaw et 

al., 2004) and allelophatic effects (Warrage and Al-Humaid, 1998). Warrage and Al-Humaid 

(1998) reported that P. juliflora plants possess allelochemicals that inhabit germination, growth 

and survival of other species. El-Keblawy and Al-Rawai (2006) also explained that the density 

of P. juliflora seedlings is greater underneath the canopy of the same species than away from 

them. This indicates that the plant has little or no auto-inhibition effect under field conditions. 

Removal of P. juliflora enhances diversity of other species with its ameliorating effect of some 
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soil characteristics through increasing in K, N and P and organic matter (El-Keblawy and Al-

Rawai, 2006) 

Although previous studies have reported the advantages and disadvantages of P. juliflora, the 

distribution of the plant in different land use/land cover types, the rate of expansion, and the 

socio economic impacts are not well quantified.   

1.1. Statement of the problem 

The combined effects of human activities and natural factors such as climatic changes lead to 

the depletion of natural vegetation and drastic decline in dry land productivity (Haysom and 

Murphy, 2003). These eventually result in land use/land cover changes, desertification 

processes and emergence of exotic (alien) species. Several exotic tree species were introduced 

in many tropical countries to combat soil degradation and desertification including P. juliflora. 

This plant is considered as a suitable source of fodder and fuel wood. Its pods are nutritious, 

palatable and form an important component of livestock feed, especially during the dry season 

(Varshney, 1996; DaSilva, 1996) but Mwangi and Swallow (2005) have shown that ingestion 

of P. juliflora pods by livestock causes tooth decay and death through indigestion in absence of 

supplementary feeds in the dry seasons. 

 The rapid spread of the plant also presents a number of social, ecological and economic 

concerns. Its vigor and competitiveness makes it a formidable invader of different land use 

systems, particularly along rivers, lakes, swamps, farmlands, grazing lands and ponds, causing 

devastation of these important habitats and ecosystems through intensive and aggressive 

colonization. Moreover, it also reduces the effectiveness of developmental investments by 

choking irrigation canals, fouling industrial pipelines, and threatening hydroelectric schemes 

(International weed science society, 2005). Exotic species, therefore, contribute to social 

instability and economic hardship, placing constraints on sustainable development, economic 

growth, poverty alleviation and food security.  

  Although the plant imposes the aforementioned problems, Mwangi and Swallow (2005) 

indicated that individuals in Baringo area of Kenya generated an average income of US $ 213.6 
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annually from the plant products. According to Varshney (1996), in India the GSFDC has 

collected about 2000 metric tone of pods, about 2000 metric tone of gum, 300 metric tone of 

honey, 300,000 bags of charcoal in five years and generated about US$ 83,333.3, US$ 1 

million, US$ 416,666.6,and US$ 350,000 in the same order.  

 P. juliflora ecosystems are now characterized by dense impenetrable thorny thickets with little 

or no grass cover and other vegetation under the canopy, to the extent that livestock and 

farmers have virtually been displaced. Most countries such as Sudan, Ethiopia, India, Kenya 

and Tanzania affected by P. juliflora have major troubles in irrigation canals during the dry 

period (Mwangi & Swallow, 2005). Although physical removal (mechanical or manual) of the 

species is carried out from irrigation canals, the plant reinvades soon and reduces the efficiency 

of the irrigation networks.   

The mechanisms of seed dispersal, nature of the seed (Hailu Shiferaw et al., 2004) and 

ecological adaptation of the plant in arid and semi arid environment attribute to colonize and 

drive off native plant species from the area (El-Keblawy and Al-Rawai, 2006). 

In Ethiopia, the socio-economic and ecological impacts of P. juliflora are becoming serious. 

Nevertheless, since its introduction to Ethiopia there is no strong controlling or eradication 

measures taken by the government, stakeholders and non governmental organizations. 

Therefore, the land use/land cover change caused by the plant, the distribution and its impacts 

are now more pronounced in Afar region in particular and in Ethiopia in general. Thus, this 

study focused to Afar National Regional State where the plant has created many social and 

environmental impacts and thought to be the first place of introduction. 

P. juliflora is a paradoxical exotic invasive plant in Ethiopia among the agro-pastoralists, 

pastoralists, mechanized farmland owners, and ecologists. Some groups of people are needy for 

the survival of the species whereas other groups are desperately looking for systems that can 

eradicate the species from the area. It is a multipurpose tree/shrub that is used for feed of 

livestock, shade, windbreak, charcoal, live fence, and firewood as well as house construction 

(Hailu Shiferaw et al., 2004; Pasiecznick et al., 2003). However, it is jeopardizing the daily 
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activities of the nomadic pastoralists and agriculturalists. It also invades the farmlands, 

rangelands, irrigation canals; narrowing roads (Kassahun Zewdie, 1999) and the spines injure 

the livestock when they collect the pods. Moreover, agro-pastoralists claim that its 

impenetrable nature of the species enforces them to migrate to other non-invaded areas even if 

non-pastoralists and some people in the area, especially urban dwellers and daily laborers, are 

deriving multipurpose advantages from the species (field observation and personal 

communication).   

Even though these controversial issues do exist in Ethiopia particularly in Afar region, the 

ecological distribution and the current socio-economic impacts of the plant are not well 

documented. 

This paper, therefore, intends to assess the ecological distribution and the socio-economic 

impacts of P. juliflora in AmibaraWoreda, Afar National Regional State. 

Such knowledge helps to have better understanding about the extent of the distribution of the 

plant and the rate of expansion and the positive and negative impacts of the plant in the study 

area. Moreover, the study suggests effective controlling mechanisms to curb some of the 

negative impacts caused by the species. 

1.2. Limitations of the study  

This study focuses on the ecological distribution and rate of invasion of P. juliflora and a 

preliminary survey about the socio-economic impacts of the plant in the study area. Due to 

unavailability of “Kebele” boundary map, it was difficult to show the area of each “Kebele” on 

the study area. Moreover, owing to inaccessibility of satellite image in between the year 1986 

and 2001 and high resolution sensor, it was impossible to do detail ecological distribution on 

the plant. Furthermore, owing to lack of secondary resources about the plant, site selection for 

socio-economic impact assessment was done based on preliminary survey and group 

discussion with the Woreda agricultural experts. 



 

Page 6 

 

 1.3. Objectives    

1.3.1. General objective 

The general objective of the study is to assess the ecological distribution of P. juliflora that it 

covers by doing analysis of land use/land cover changes and some of the socio-economic 

impacts in Amibara Woreda of the Middle Awash Rift Valley. 

1.3.2. Specific objectives  

The specific objectives of the study are: 

• To map the ecological distribution of P. juliflora by analyzing the land use/ land cover 

change over 16 years period. 

• To determine the rate of distribution of P. juliflora in the study area. 

• To analyze some of the socio-economic impacts of P. juliflora in the study area. 

•  To recommend appropriate management options to control the species  

� Research questions  

In order to address the stated objectives, the study attempted to answer the following 

questions. 

� What is the areal cover and rate of expansion of P. juliflora in the study area? 

� Is there any land use/land cover devoid of P. juliflora in the study area? 

� In which land use types has P. juliflora distributed more? 

� What are the benefits and adverse impacts of P. juliflora in the study area? 

� What are the perceptions of the local people about P. juliflora in the study area?  

� Which management options should be employed to control further spreading of 

P. juliflora? 
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 2.  LITERATURE REVIEW 

2.1. Alien invasive plants 

An alien species are non-native or exotic organisms that occur outside their adaptive ranges 

and dispersal ranges (Raghubanshi et al., 2005; Haysom and Murphy, 2003). IUCN defines 

Alien Invasive Species as an alien species which becomes established in natural or semi natural 

ecosystems or habitat, an agent of change, and threatens native biological diversity. 

According to CBD (2001), invasive alien species are species introduced deliberately or 

unintentionally outside their natural habitat, where they have the ability to establish 

themselves, invade, out-compete natives and take over the new environment. 

These invasive are widely distributed in all kinds of ecosystems throughout the world, and 

include all categories of living organisms. Nevertheless, plants, mammals and insects comprise 

the most common types of invasive alien species in terrestrial environments (Raghubanshi et 

al., 2005).    

Invasive species have now affected every ecosystem types on the planet and considered as the 

second greatest global threat to biodiversity, after habitat destruction (Essa et al., 2006; 

Raghubanshi et al., 2005). Moreover, climate change such as global warming triggers 

suppression of native biodiversity by invasive alien species (Kathiresan, undated). The invasive 

species impact on native species directly competing for resource such as food and breeding 

sites as well as indirectly by altering habitat and modify hydrology, nutrient cycling and other 

ecosystem processes. These impacts dramatically change the ecosystem both positively and 

negatively. 
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Threats to biodiversity and habitat destructions are interacting phenomena: habitat destruction 

can make areas more vulnerable to invasive species, and species invasions can result in the 

destruction of habitats (Raghubanshi et al., 2005).   

Apart from their threat to biodiversity and ecosystem services, invasive species have 

significant social, ecological and economical impacts. They reduce agricultural yields, irrigated 

crop lands, grazing areas, water availabilities, and contribute to spread of vector born diseases.   

According to Shackleton et al. (2006), invasive alien species can be integrated into the 

livelihoods of the local people in a number of ways. The first means is when the rural 

community introducing or accepting the introduction of alien species for their clear use. 

Negative consequences may arise as these new introduction spread in to broader landscape 

away from the control of the local community. 

The second is the situation where invasive alien species are intentionally introduced into an 

area and subsequently escape, or they spread in from surrounding areas. The escaped 

population may not be widely used initially but when the number of indigenous species 

become to scarce, the local community start to utilize the newly introduced species.   

  Thirdly, local people might simply use invasive alien species because they have resigned 

themselves to their presence. For instance use of P. juliflora for fuel wood and furniture in arid 

and semi arid areas. 

 The last situation is that people simply live with invasive alien species that have no obvious 

use. In the early stage of invasion its presence may pose relatively little threat or 

inconvenience. When the density and extent of invasion increases, it impacts on other 

ecosystem goods and services, and daily activities increases. But the rural poor lack both 

knowledge and capital to control or eradicate. In such circumstance the livelihood of the poor 

undermined. 

In all these situations local community had to consider the positive and negative impacts 

through the use of invasive alien species.  The net trade-off will be positive or negative 



 

Page 9 

 

depending on a number of factors such as the extent and density of invasion availability of 

alternatives, cost and mechanism of control, current vulnerability, and severity of loss of 

ecosystem (Shackleton et al., 2006). 

 Differences between native and exotic plant species in their requirements and modes of 

resource acquisition and consumption may cause a change in soil structure, its profile, 

decomposition, nutrient content of soil, moisture availability, etc. Invasive species are thus a 

serious hindrance to conservation and sustainable use of biodiversity, with significant 

undesirable impacts on the goods and services provided by ecosystems (Raghubanshi et al., 

2005). Biological invasions now operate on a global scale and will undergo rapid increase in 

this century due to interaction with other changes such as increasing globalization of markets, 

rise in global trade, travel and tourism. Further more, it is anticipated that the problem will be 

exacerbated in the future by climate changes, which is likely to favor species that are 

opportunistic.  

According to Raghubanshi et al. (2005), alien invasive species have unique characteristics over 

the native ones. They do not need special environmental requirement for seed germination, 

have rapid seedling growth and produce seeds for longer period of time as long as 

environmental condition permit, they are also highly tolerant to climatic and edaphic variations 

and have an ability to compete and drive off other species from their habitat. Moreover, they 

can reproduce sexually and asexually. 

Forest invasive species can negatively affect forest ecosystem or damage specific forest 

products. P. juliflora, like any invasive species, is invasive only under conditions that are 

favorable to their spread (Geezing et al., 2004). 

The ecological adaptation of invasive plant species to the harsh conditions of the dry land is 

indicated by deep root system (Pasiecznik et al., 2001), few stomata to reduce water loss 

(Nilsen et al., 1983), slow growth rate during the dry season (Sharifi et al., 1983). 

High alkaline soils are major constraint for successful growth of most plants. Therefore, the 

greater parts of highly alkaline soils are devoid of vegetations (Pasiecznik et al., 2001). Despite 



 

Page 10 

 

the fact that, P. juliflora can tolerate high saline and alkaline soils, very poor physiochemical 

and biological conditions of the soil and can predominantly grow in arid and semi arid regions 

of the tropic (Pasiecznik et al., 2003). The plant can even survive and grow with salinity levels 

equal to that of the sea water (Felker et al., 1981).      

The recent global assessment and global data sets showed that there are 1348 serious 

agricultural weed species and 1041 wide spread agricultural weedy species (Daehler, 1998). 

Invasive alien species have affected 30% of threatened birds, 11% of threatened amphibians, 

8% of threatened mammals and 15% of threatened plant (Baillie, 2004).    

In 2004, IUCN  identified 81 Invasive Alien  Species (IAS) in South Africa, 49 in Mauritius, 

44 in Swaziland, 37 in Algeria and Madagascar, 37 in Kenya, 28 in Egypt, 26 in Ghana and 

Zimbabwe, and 22 in Ethiopia.   

P. juliflora has survived where other tree species have failed and in many cases become a 

major nuisance and causes for land cover changes. P. juliflora has invaded, and continues to 

invade, millions of hectares of rangeland in South Africa, East Africa, Australia and coastal 

Asia (Pasiecznik, 2001).   

P. juliflora had until 2000 been proclaimed weedy in its native ranges and as an alien invasive 

species in Australia, Caribbean, Eritrea, India, Iraq, Pakistan, south Africa, Sudan and the 

western Africa islands. Since then several other countries have understand the invasiveness of 

the plant. As a result P. juliflora species are known as invasive weeds over millions of square 

kilometers all over the arid and semi-arid lands where they are stated to drastically reduce the 

cover of forage plants and threaten crop cultivation and grazing lands (Laxen, 2007) 

2.2. P. juliflora 

This plant was described by De Candolle under the name of P. juliflora. The specific name 

juliflora, comes from julus meaning whip-like; referring to the long inflorescence, and flora 

being flower (Havard, 1884) 
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The genus Prosopis was systematically described and organized by Burkart (1976) in to five 

sections that together contains 44 species and with many varieties (Pasiecznik et al., 2001). P. 

juliflora belonging to the family Leguminaceae (Fabaceae) and subfamily Mimosoideae, 

section Algarobia that has six series; specifically it belongs to the series Chilensis that contain 

eleven species and many varieties. P. juliflora is particularly closely connected to P. pallida. It 

is a tree or shrub sized woody perennial plant found mainly in the arid and semi arid regions of 

the world (Geezing et al., 2004). The plant is predominantly xerophilous spiny and some times 

unarmed evergreen tree with height of 3-15 meters depending on genetic difference and other 

environmental factors, but under favorable environmental conditions some individuals may 

reach up to 20m (Pasiecznick et al., 2003). P. juliflora landraces often have multi-stemmed, 

coppiced and prostate shrub forms with long branches and a crown that even touches the 

ground and have erect, flat topped and decumbent tree forms. P. juliflora produced coppices 

except those stumped at 10 cm below the ground (Hailu Shiferaw et al., 2004). 

The stem is green brown, sinuous and twisted with axial strong thorns. The thorns of P. 

juliflora are very much varying in appearance, number and size. Thorns can be found in pairs, 

solitary or both on the same branch. They emerge on new branches and tend to be larger on 

stronger basal shoots, and some times become absent on larger and older stems due to drooping 

of thorns or incorporated inside the heart wood (Pasiecznick et al., 2003). The leaves are 

bipinnately compound, commonly many more than 9 pairs, the leaflets mostly 5–10 mm long, 

linear-oblong, glabrous, often hairy, commonly rounded at the apex (Duke, 1983).   

The flowers are small, perfect, and greenish-yellow in color, sweet-scented, spike like 

inflorescence. Pod production of P. juliflora showed great variation depending on stand density 

and geographical location. Mohamed (1997) has estimated that 37 to 75 kg/tree/yr with 

standing density of 200 to1000 tree/ha in Mexico and India. Pods are indehiscent with 5-20 

hard seeds, strongly compressed and green when young, thick and yellowish at maturity, more 

or less constricted between the seeds. Seeds are brown in color, shiny, compressed and oval or 

elliptic, 2.5–7 mm long (Duke, 1983; Pasiecznik et al., 2003). 

 According to Gupta and Balara (1972) and Laxen (2007), under normal environmental 

conditions the plant has two kinds of root systems: the first type of root is a deep vertical root 
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system made up of normally one or two main tap roots which may further divide at lower 

depths, and the second is a lateral root system, which extends horizontally in all directions just 

below the soil surface. 

The deep root system anchors the tree and brings up groundwater to the tree, while the lateral 

roots collect rain and other surface water as well as nutrients just below the soil surface. The 

tap roots can reach a depth of 20 – 25 m, but trees have been found that can reach substantially 

deeper (Pasiecznik et al. 2001) 

 The plant can exist in both tree and shrub forms depending on environmental variables such as 

thickness of the soil, amount of rain fall, presence of hard pan, persistent wind and frost, 

presence of browsers, insect infestation and human interventions (Pasiecznik et al., 2001). 

According to Hailu Shiferaw et al. (2004), cutting of individual P. juliflora stems may 

exacerbate the   invasion of the plant unless proper management employed because the number 

of stems significantly increases from the stumped stems than non-stumped.   

 

 In recent decades P. juliflora has quickly become one of the most important trees in many 

tropical and sub tropical regions of the world as a result of intentional or unintentional 

introductions. Due to wide ecological adaptation, the plant occurs on large varieties of soils 

and over wide range of altitudes. The climate of its natural range is characterized by hot 

temperature averaging 200c, but the whole temperature ranges from -1.5 to 500c (Pasiecznik et 

al., 2001). The major limitation to the distribution of P. juliflora is the mean minimum 

temperature and the frequency and duration of winter frost. Frost severely damage seedlings 

and young trees of P. juliflora (Muthana, 1974; Fisher et al., 1959). 

 

Mean monthly maximum temperature above 300c linked to the availability of soil moisture 

between 40-60% favored the weed germination and establishment. With increasing 

temperature and fluctuating precipitation, weeds may pose threats to the biodiversity. 

Similarly, the rates of increase in root biomass of invasive alien weed P. juliflora under 

increased temperature is observed to be higher, increasing its persistence potential and invasive 

behavior (kathiresan, undated). The increase in root biomass of P. juliflora largely contributes 
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to tolerate climatic extremes. This adaptation favors the weed to predominate over other native 

floras that are susceptible to these extremes. 

   

According to Havard (1884), the plant can generally found in areas where water and poor soil 

fertility are the principal limiting agents for the growth of other plants. The plant is known to 

nodulate and fixes nitrogen in an endo-symbiotic relationship with root nodule bacteria. Thus, 

it improves the soil fertility.    

 P. juliflora can thrive in a wide range of rainfall. It extends from areas with an annual rainfall 

of only 50 mm in dry coastal zones to1500 mm mean annual precipitation of high altitude and 

grows well in areas receiving 250-600 mm annual rainfall. (FAO, 2002; Pasiecznik et al., 

2001). It can also survive areas where lowest rainfall recorded in Arabian and Atacama Desert 

of the world (Ibrahim et al., 1988). If the root system is able to find water during drought, P. 

juliflora will stay in green leaf throughout the dry season. 

Altitude does not appear to be limiting factor for the distribution of the plant. It is generally 

well adapted to different altitudes ranging from 200 meters above sea level up to 1500 meters 

above sea levels (Pasiecznik et al., 2001). 

2.3. Ecological distribution 

  P. juliflora is native to arid and semi arid zones of South Americas, Central America, Africa, 

and Asia. Recently, the plant has been introduced and naturalized in many countries. In 

America, it has been introduced to Brazil, Hawaii, and in some Caribbean islands. In Oceania, 

it has been introduced to Australia, New Guinea, and Marquises islands. In Asia, it has been 

observed in Jordan, Saudi Arabia, Bahrain and Qattar, United Arab Emirates, Iraq, Iran, 

Kuwait, India, Pakistan, Srilanka, Thailand, Vietnam, Indonesia, Philippines and in many arid 

and semiarid African countries (Pasiecznik et al., 2001).   

According to FAO (2002) and Mwangi & Swallow ( 2005), in the 1970s and 1980s tropical 

and subtropical regions experienced increasing shortage of fuel wood and other timber in rural 

communities, coupled with increasing environmental degradation, soil erosion and 
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desertification. As part of national and international efforts to address these issues exotic 

woody shrub and, in particular, woody legumes were promoted for use in agricultural systems 

and to revegetate degraded lands. 

The main reasons for introducing different species of the genus Prosopis round the world have 

been combating desertification and utilization of a fast growing fuel wood and fodder species 

that thrives in harsh arid and semi-arid conditions (Mwangi and Swallow, 2005). 

The first record of P. juliflora introduction to West Africa and pacific island was in 1820s, to 

India and Pakistan was in 1870s, and to Australia and South Africa was before 1900 

(Pasiecznik et al., 2003). 

 In recent decades P. juliflora has attracted much attention because of its ability to survive in 

extremely arid, saline, inhospitable locations and produce excellent firewood, charcoal, animal 

fodder. The combination of its long life cycle, ability to survive droughts, high seed production 

and dormancy of seeds make P. juliflora an extremely resilient invader which can quickly take 

advantage of suitable environment and dominate entire ecosystems (kathiresan, undated) 

According to Hailu Shiferaw et al. (2004), P. juliflora has many biological characteristics that 

promote for its invasion of new area. The seeds are covered by hard seed coat capable of 

surviving for longer period. The plant produce mixture of seeds, few of them germinate 

immediately after dispersal and the majorities remain dormant for future germination; the pods 

are flesh and sweet that attract domestic and wild animals. These animals dispersed the seeds 

which are ingested along with the pods through their faecal. Moreover, when the above ground 

stands eliminated, seeds accumulated in the soil start to germinate and regenerate. 

In addition to these characteristics P. juliflora possess allelochemicals that inhibit the 

germination and spread of other plant species. The number of annual plants significantly 

reduced under the canopy of P. juliflora (Essa et al., 2006). The plant has little or no self 

allelopathic (auto-inhibition) effect under field condition (EI-Keblawy and AI-Rawai, 2006). 

This mechanism, combined with drought condition can inhibit other species and eliminate any 

kind of competition. 
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2.3.1. Distribution in Africa 

Africa is a home to many alien invasive species which have been introduced both intentionally 

and accidentally. Many of these species are included on the global list of the 100 worst 

invasive alien species (McGinley, 2007). The magnitude of their impact varies from country to 

country, and from ecosystem to ecosystem. For instance the problems caused by these 

organisms are more severe in Africa because of the following main reasons (UNEP, 2005) 

Weak policy and institution environment:-there are gaps, overlaps, and inconsistencies in 

existing   policies, regulations, and institutional arrangements regarding to alien invasive 

species to implement proper management actions. For instance P. juliflora plantation was 

recommended in Ethiopia to control desertification under the national plan to combat 

desertification while the forest research recognized it as a threat to biodiversity. 

Unavailability of critical information:-in most African countries there is inadequate sharing 

and exchanging of information about their biodiversity and the status of alien invasive species 

among private sectors, civil societies, general public and governments. Although there is 

increasing body relevant information globally, different African countries are not linked to the 

global information source.  

Inadequate implementation of prevention and control:-although prevention of the 

introduction of invasive alien species is practiced in some extent, most African countries lack 

mechanism of monitoring and detecting of invasive species except in Agricultural field.  

 Lack of capacity:-to address the problems of invasive alien species countries in Africa lack 

institutional arrangement and organization, human and physical resources. For example in 

Ethiopia the ministry of agriculture and rural development has been given power to control the 

imports and exports, inspect, survey and treatment of lands with regard to the imported plants 

and their products. However, it lacks the means to implement the rules and regulations.                                                

P. juliflora is one of the alien invasive species that cause detrimental effect in most African 

countries. The plant was introduced in 25 countries in the continent. Including Sudan, Ethiopia, 

Eritrea, Kenya, Tanzania in East and Horn of Africa, Namibia, Zimbabwe, South Africa in the 

South Africa, Morocco, Algeria, Tunisia, Libya, Egypt in North Africa, Cape Verde, Senegal, 
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Gambia, Mauritania, Mali, Burkina Faso, Niger, and Chad in the Sahel region of Western 

Africa, Ghana and Guinea-Bissau and Nigeria in West Africa (Mwangi and Swallow, 2005) 

Pasiecznick et al. (2001) indicated that the earliest introduction in Africa was to Senegal in 

1822, followed by South Africa (1880) and Egypt (1900). The first documented introduction of 

P. juliflora in Kenya was in 1973, when seeds were imported from South America for 

rehabilitation of saline soil (Mwangi and Swallow, 2005). P. juliflora was introduced to central 

Sudan in 1980 because of its many favorable attributes, including adaptability, fast growth rate 

and wide range of utility (El Fadl, 1997).         

2.3.2 Distribution in Ethiopia 

Ethiopia has complex landscape and geomorphic types, and wider climatic range from desert to 

cold alpine. The altitude of the county goes from 116m below sea level to 4533 m above sea 

level. Because of this natural condition there are a number of native and exotic species found 

within the diverse ecosystem of the country. 

The exotic species become dominant over the native species in new habitat in relatively short 

time and become very aggressive by suppressing previously established species. This is mainly 

because the newly introduced species have freed from antagonistic factors such as harsh 

climatic and edaphic conditions, pathogens and predators (Hailu Shiferaw et al., 2004).  

Avery good example of such exotic species which have been introduced in most tropical and 

sub-tropical countries including Ethiopia is P. juliflora. The plant has been cultivated for 

shade, timber, forage, food, and firewood (Pasiecznik et al., 2001 and Rezene Fessehaie, 2006). 

However,  contrary to its purpose of introduction, the plant escaped out of control and has 

invading farm lands, pasture lands, rang lands, irrigation schemes (Rezene Fessehaie, 2006) 

and causes for many land use/ land cover changes. 

Although there is no precise written document why, when, where, and who introduce P. 

juliflora to Ethiopia, the local people of Amibara district of the Afar National Regional State, 

stated that P. juliflora was introduced by an English person from Sudan in 1970s through the 

Middle Awash Irrigation Project (Rezene Fessehaie, 2006; Hailu Shiferaw et al., 2004) and 
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was planted over a large area of the Middle Awash rift valley by local people in 1980 as wind 

break, shade and shelter around their village.   

The AmibaraWoreda of the Afar National Regional State is thought to be the putative starting 

point of the spread of P. juliflora in Ethiopia. It represents degraded semi-arid ecosystem. 

Since 1980s the plant has spread rapidly in eastern Ethiopia, from the Middle Awash Valley in 

to the Upper Awash Valley and Eastern Hararghe and some localities of Raya Azebo plains of 

South Tigray. The invasion has also reported in the town of ArbaMinch and neighboring 

localities in South region of the country (Rezene Fessehaie, 2006). 

Quantitative assessments of the area covered by P. juliflora, the land use/land cover change 

due to the plant and its rate of spread have not been undertaken in Ethiopia, though it has been 

estimated that the plant covers 15000 ha of land in the Amibara District. Even in the absence of 

precise figures, it is clear that the spread of P. juliflora in Ethiopia has increased in the last 

decade, both in terms of area coverage and plant density (Demissew Sertse, 2005) 

2.4. Potential benefits of P. juliflora  

  2.4.1. Economic benefits 

 

 P. juliflora plays important role in human life in many arid and semi-arid regions of the tropic 

and subtropics of the world. The wood is probably the most important product of P. juliflora 

species used either as a fuel wood or structural material (Mwangi and Swallow, 2005). As a 

fuel it can be burned directly or made in to charcoal, and as a timber it can be used as poles or 

made into furniture. 

Prosopis species produce high quality charcoal having caloric value ranging from 4200-

5065kcal/kg depending on the type of species (Pasiecznik et al., 2001). The wood does not spit, 

spark, or emit much smoke and burn slowly with hot and even heat with specific gravity 0.70 

or higher. Thus, it is called wooden anthracite (NAS, 1980; Duke, 1983; Pasiecznik et al., 

2001). Moreover, the durability, strength, less shrinkage; less cracking and hardness make the 
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wood of P. juliflora more useful for many purposes (Pasiecznik et al., 2001; Victor et al., 

2007). 

Fruits of P. juliflora are sweet, nutritious, and moderate to high digestible with low 

concentration of tannins and other unpalatable chemicals. The pods (fruits) are consumed by 

wide varieties of animals, both in their native range and where introduced (Muthana and 

Ibrahim, 1986). The pods are used as feed mainly for cattle, sheep, goats, pigs and poultry and 

can also be used for human as being useful in providing high amount of protein (DaSilva, 

1996; Varshney, 1996). 

Varshney (1996) revealed that cattle feed on less than 50% P. juliflora pods lead to no adverse 

effects on consumption, digestibility, nutrient balance and animal health. However, there are 

several records of pods causing ill effects such as facial contortions, an impact on rumen and 

constipation, occasionally resulting in death has been reported in livestock when used alone as 

feed (Alder, 1949). This was assumed to be due to the regression of rumen bacterial cellulase 

activities of high sugar content of pods and indigestible of raw seeds (Varshney, 1996). But 

pods that are drying at about 800c for two hours had no adverse effect on their intestinal or total 

tract digestibility (Bastista et al., 2002). 

The pod has three main components: the inner seeds which contain 43% of protein, the pulp 

with high sugar content, and leathery capsule that separate pulp from the seed. The pulp which 

is about 55% of the weight of the pod is the only part that can be digested by animals without 

processing. Unless the seeds are ground, animals are unable to digest the seed due to the hard 

coat of the seed. Thus if the pods are not ground, there will be loss of 45% by weight of the 

potential feed (DaSilva, 1996).In addition, if cattle are fed ungrounded pods, they will spread 

the seed through dung. Unprocessed consumption of pods has been proved harmful to organ of 

animals and lead to disease such as crooked face, tongue problem, and puncturing of stomachs 

and cud. Death has occurred in some cases especially with cattle and horse (Mwangi and 

Swallow, 2005). 

According to DaSilva (1996), historical studies show that P. juliflora pod was used in various 

Latin America countries as human food by indigenous people. The pods produced by P. 
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juliflora species have high sugar, carbohydrate, and protein contents (Felker, 1990). There 

have been no anti-nutritional factors detected in the pods in regard to human consumption 

(Becker and Grosjean, 1980; Grados and Cruz, 1996). 

The composition of P. juliflora pod flour is moderate in protein (about 8.3%) and very high 

level of carbohydrate (about 73%) (DaSilva, 1996). The amino acid profiles of P. juliflora pods 

contain essential amino acids that are not found in most other legume plant seeds. The pods can 

also be processed to produce flour, coffee, alcoholic drinks, and ice cram (DaSilva, 1996; 

Varshney, 1996). 

The pods other than for food or feed have potential to produce liquid fuel. Direct bacterial 

fermentation can break down both sugar and cellulose in the pod in to ethanol and produce 

80% theoretical yield (Avgerinos & Wang, 1980 cited in Pasiecznik et al., 2001) and  

destructive distillation  of dry wood produces 33.9% charcoal,1.24% methanol and 124.8 

liter/kg of gas (Varshney,1996). 

Leaves of P. juliflora are not generally palatable for animals. When alternative forage of 

animals is limited or not available, some animals browse green shoots and young leaves (field 

observation). Unpalatability of leaves increase as the leaves mature as a result of undesired 

tannin concentration increment (Pasiecznik et al., 2001). 

Leaf extracts of P. juliflora has been noted to have bio-control properties. The extracts are 

effective against some weed species, insects, nematodes, pathogenic fungi and viruses. The 

leaf extract has been found to inhibit germination of an invasive weed Parthenium 

hysterophorus (Dhawan et al., 1996). P. juliflora leaf extracts are also used as piscicide to kill 

unwanted or weedy fish in productive fresh water body (Pasiecznik et al., 2001). 

The flowers of P. juliflora are small, yellow and gathered on long inflorescences producing 

pollen and nectar that is high in protein and sugar (Muthana and Ibrahim, 1986).The pollen and 

nectar used as bee forage for production of honey. Honey from P. juliflora can also processed 

in to other products or fermented in to mead (honey bear) (Pasiecznik et al., 2001; Varshney, 
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1996). Wax is the by product, used as an industrial and pharmaceutical raw material for 

production of candles, furniture polish, creams and balms (Varshney and Kanzaria, 1998). 

The exudates gum from P. juliflora appears as viscous liquid exuding from the trunks or 

branches of the tree and on average 40g of gum is produced from one plant per year (Varshney, 

1996). This gum has a wide variety of uses in the food, pharmaceutical and chemical 

industries. 

Above all, P. juliflora is used in the preparation of medicinal products to treat human ailments. 

For example, in India bark extract is used as an antiseptic on wounds, and gum is used to treat 

eye infection (Vimal and Tyagi, 1986). Because of bactericidal and fungicidal effects, the plant 

extracts are widely used to treat eye infection, stomach disorders, skin ailments and superficial 

wounds (Roach, 1990). 

In Guatemala, P. juliflora is used to treat sexual transmitted disease such as Neisseria 

gonorrhoea (Caceres et al., 1995) and crushed leaves of the plant are known to be used as 

suicidal agent in India and incidence of poisoning is common in rural areas. 

According to Duke and Wain cited in Duke (1983), P. juliflora  also used as folk remedy for 

colds, diarrhea, dysentery, eye infection, flu, head ache, cold, hoarseness, inflammation, itch, 

measles, pink eye, stomachache, sore throat, and wounds. 

In addition to the above ecological and economic advantages, P. juliflora provides live fencing 

and shading. Densely planted trees are used to prevent the access of livestock to agricultural 

lands and homestead compounds. It has been used as live fence both in introduced and native 

countries (Varshney and Kanzaria, 1998). The plant can also be used as shade around houses, 

road sides, schools, hotel complexes, golf courses, stations and any place where people sit and 

congregate in both rural and urban arid and semi-arid areas (Diaz Celis, 1995)  

  2.4.2 Ecological benefits 

  2.4.2.1 Erosion control 
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The most beneficial part of soil layer is the dark part of top soil, which takes many years to 

develop. Top soil is rich in plant nutrients and beneficial soil microorganisms.  This top soil is 

prone to water and wind erosion. Loss of soil can be controlled by putting up wind breaks, 

planting cover crop, and cultivation practices (FAO, 2002).  

P. juliflora has been used to arrest wind erosion and stabilize sand dunes in arid and semi-arid 

region. The plant can serve as wind break when planted across the direction in which the wind 

blows (Mwangi and Swallow, 2005). The capacity to block the flow of wind depends up on 

height, density, and thickness of the stands. Apart from preventing the loss of fertile soil, P. 

juliflora reduces wind damage to crops, loss of soil moisture, improve the microclimate. 

 P. juliflora is rapid growing wind resistant plant which can be planted successfully to control 

soil erosion and can serve as shade and shelter that positively affect water balance by 

increasing relative humidity and temperature and reducing evapo-transpiration (Sharma and 

Gupta, 1989; Pasiecznik et al., 2001) 

El Fadl (1997) indicated that in Sudan the wind speed inside a five-year-old P. juliflora 

plantation was reduced by an average 14%, while potential evaporation was reduced by 22%. 

Similarly in India Varshney (1996) showed that 4 to 6 years stand plantation of P. juliflora has 

reclaimed salt affected soils by enriching them with 6 to 8 tons/ha of air dry leaf litter.  

 The plant increase the amount of soil organic matter in the soil directly and thereby positively 

influences the potential of soil to absorb soil moisture which leads to sustainable soil fertility 

(El-Keblawy and Al-Rawai, 2006). There was also considerable improvement in soil texture 

under the tree canopy, with soils under the canopy having higher total nitrogen and available 

phosphorus, and lower soil PH than soils in the adjacent open field (El Fadl, 1997).Increasing 

the amount of P. juliflora litter in the soil increase crop biomass production. Mwangi and 

Swallow (2005) revealed that in Kenya the standing biomass of understory plant species were 

five times lower under P. juliflora canopy. Plant cover was also lower under P. juliflora than in 

the open areas. Organic carbon and total nitrogen concentrations in soils under P. juliflora 

were 13% and 45%   higher than in the open areas  

2.4.2.2. Rehabilitation of degraded lands and waste lands 
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 P. juliflora plays a leading role in the afforestation of arid lands. Their capability of growing 

on degraded land under arid conditions has made them especially suitable for this purpose 

(Singh and Singh, 1993). Being a multipurpose tree, P. juliflora fits very well into dry land 

agro-forestry systems, controlling soil erosion, stabilizing sand dunes, improving soil fertility 

by means of biological nitrogen fixation, leaf litter accumulation, nutrient pumping from 

deeper soil layers, loosening of a hard soil structure, reducing soil salinity (Pasiecznik et al., 

2001). Nitrogen fixing ability of P. juliflora has been found to be mainly limited to young 

seedlings (Geezing et al., 2004).  

  

P. juliflora has an extraordinary ecological amplitude and tolerance for a variety of elements. 

The plant is very effective in reclaiming highly sodic soils by restoring productivity and 

fertility (Victor et al., 2007). Despite being an introduced invasive, it has been recognized as 

one of the promising species for the rehabilitation of soils with salinity regimes equivalent to 

that of seawater and reclamation of industrial sites (copper mined areas) by taking up toxic 

chemicals from polluted soils (Singh and Singh, 1993; Victor et al., 2007). The plant 

efficiently accumulates and tolerates metals such as Cd and Cu (Senthilkumar et al., 2005; 

Victor et al., 2007). P. juliflora planted on sites deemed too poor to support other plants has 

been shown to improve soil quality, nutritional status and physical properties significantly 

within fifteen years (Saxena et al., 1998). 

2.5. The adverse impacts of P. juliflora 

Invasive alien species have been introduced world wide intentionally due to their economic, 

environmental or aesthetic values or unintentionally while people move from place to place 

(Rezene Fessehaie, 2006). However, those introduced alien species come out of control and 

become invasive to the new area and cause both ecological and socio-economic impacts 

(Raghubanshi et al., 2005). 

The impacts of invasive alien species are often considerable. The effects of these species can 

result change in the availability of resources and ecosystem structure and function. The change 
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in ecosystem function can brought about extinction of indigenous species (Abdillahi et al., 

2005).Indigenous species may be threatened directly by the proliferation of invasive species.   

Wittenberg (2004) stated that the environmental impacts of alien invasive species can be 

divided into four major factors. These are competition, predation, hybridization and 

transmission of diseases. All these factors alone or together with other factors can decrease 

biodiversity and cause extinction. The most obvious examples for competition are between 

introduced and native plants for nutrients, water supply, and exposure to sunlight.  

 

Introduced species can interact with natives in a variety of ways including indirect effects that 

can be very difficult to demonstrate. Direct and indirect effects can lead to very complex 

interactions and a combination of effects can cause complex impacts. It is recognized that the 

indirect effect of invasive alien plants on native ecosystems is difficult to ascertain (Abdillahi 

et al., 2005). 

 

In addition to the biodiversity impacts, many invasive alien species (IAS) also cause enormous 

economic costs. These costs can arise through direct losses of agricultural and forestry 

products and through increased production costs associated with control measures (Pimentel et 

al., 2000). A North American study calculated costs of 138 billion US dollars per annum to the 

United States caused by IAS (Pimentel et al., 2000). This takes into account all costs associated 

with the IAS.   

There are no many studies on the impact of invasive alien plants on native biodiversity 

probably due to the complexity of the topic. Every component of the system is highly variable 

with very different species involved, their diverse origin, the variety of pathways used, the 

different habitats invaded, their varied impact on the new environment, and their relationships 

with indigenous and other alien species, the ecosystem changes caused, their dependence on 

other factors such as global warming (McGinley, 2007). 

 There is no doubt that some devastating IAS impose huge costs to society, however, alien 

plant species are also the most important species used in agriculture and forestry, e.g. cassava 
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and maize as staple foods in much of Africa. This makes it crucial to develop a national system 

to screen alien plants for their potential negative socio-economic and environmental threats 

prior to introduction (Wittenberg, 2004). 

P. juliflora is considered as an alien invasive species from economic viewpoints in most 

African countries because it is in conflict with human needs and rapidly invade many types of 

land uses. The effect of P. juliflora on native biological diversity depends on the ecosystem to 

which it spread and the economic damages or benefits (Geesing et al., 2004). In India P. 

juliflora was introduced to serve as a source of fire wood but there spread beyond the ranges 

has provoked the Indian to call it “mad tree” because of its undesirable and unrestricted spread 

in range lands.  

According to Abdillahi et al. (2005), unrestricted spread of P. juliflora will result in several 

risks and environmental impacts. These risks and impacts can be summarized as follows: 

- Extinction of native plants through competition and occupation of their natural environment 

and habitats leading to the loss of many plant species of importance to the natural heritage of a 

country in addition to damage to rangeland. 

- Damage to the livestock through reduction of available nutrition and destruction of 

rangelands, thus resulting in adverse impact on a large segment of citizens depending on cattle 

breeding as a source of living. 

- Depletion of ground water resources as they have well developed roots and can extract water 

from very deep up to 15 meters and sometimes reaching groundwater layers which constitute 

the main source of water resources. 

- Causing problems to cattle breeders, because camel consumption of leaves lead to their 

sickness, eating their solid seed pods may result in falling out cattle teeth and reduction of their 

ability to graze. Some local people in Ethiopia believe that consumption of P. juliflora leaves 

by camels causes flatulence, diarrhea and some times constipation.  

- Studies on P. juliflora tree in India revealed that their spread resulted in destruction of many 

endangered herbaceous mammals such as the grey hare and desert fox. Their thick thorns 
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prevent mature birds from maneuvering and hunting prey (Abdillahi et al., 2005). Moreover, 

the thorn is damaging animal hooves and vehicle tyres (Abiyot Berhanu and Getachew 

Tesfaye, 2006).  According to Mitchell and Rook in Duke (1983), the thorn of P. juliflora, on 

penetrating the eye cause more inflammation than expected from physical injury. 

Although the seed pods are indeed palatable to livestock, the chemical content is thought to 

cause problems for goats, cattle, camel. A diet high in pods can cause mortality in sheep and 

goats due to digestive problems like impaction. Cattle can die if they feed heavily on P. 

juliflora leaves over a prolonged period of time owing to its tannin contents (Mwangi and 

Swallow, 2005).   

 Using the wood as fire wood also cause dermatitis. Furthermore, Lewis and Elvin-Lewis 

(1977) cited in Duke (1983) reported that the pollen of the plant may cause allergic, bronchial 

asthma, hypersensitivity pneumonitis. 

The effect of P. juliflora on the associated flora depends significantly on the density and size of 

the canopy. Larger individuals and greater densities have significantly greater negative impact 

on the associated plants. The annuals were inhibited more than perennials. The number of 

annuals with significant reductions in density and/or frequency under P. juliflora canopies was 

significantly greater than the number of perennials (El-Keblawy and Al-Rawai, 2006). Density 

of more than 50% of the associated annuals was significantly inhibited under P. juliflora 

canopies.  P. juliflora has little or no auto-inhibition because under field condition the density 

of P. juliflora seedlings was greater under the canopy of the same species than away from them 

(El-Keblawy and Al-Rawai, 2006). 

The chemical investigation of the extracts showed that the allelopathic chemical compounds 

are phenolic in nature. Slow decomposition and heavy accumulation of leaf litter below P. 

juliflora may possibly result in accumulation of toxic substances in the soil layers, inhibiting 

growth of other species (El-Keblawy and Al-Rawai, 2006). 

2.6. Local people’s perception  
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In most countries where P. juliflora was introduced, the local people’s perceptions were 

favorable during the early stages of its introduction. In the mean time, it was welcomed tree for 

field boundary marker, source of fuel wood, live fencing and shading. Through time the local 

people’s perceptions have changed as the negative effect of the tree such as invasion of 

agricultural lands, suppression of grasses and other native trees, reduction of crop yields and its 

sharp thorn effects became more pronounced (Mwangi and Swallow, 2005). 

According to Mwangi and Swallow (2005), people’s perceptions about invasive species also 

depend up on the economic level of individuals, their livelihood strategies, and their gender. 

The more affluent who can afford to purchase alternative energy sources view P. juliflora 

negatively, while the rural poor who have no any alternative energy sources value it as a fuel 

tree. 

Similarly, individuals whose livelihood strategy is livestock raring view the plant negatively 

because it invades their valuable pastures. The poor farmers on the other hand, acknowledge its 

benefit for fuel wood and income generation. Women, who are heavily dependent on P. 

juliflora for fuel wood will likely, enjoy greater benefit than men. Moreover, the distribution of 

costs and benefits will likely influence the perception of individuals. Those who get higher 

benefits from the plant relative to its costs will likely favor the plant, while those who costs 

more than they get benefit will strongly distaste the plant (Mwangi and Swallow, 2005; 

Pasiecznik et al., 2001) 

Veitch and Clout (2001) cited in Mwangi and Swallow (2005) suggest that people’s 

perceptions of an invasive species influenced by how the species damaging to properties and 

natural ecosystem, whether the species is physically appealing or not and the opinion of 

powerful and influential individuals about the species.      

Generally, there exist two diametrically opposing opinions on the importance of P. juliflora 

(ElFadl, 1997). The first opinion that many forestry professionals and the rural poor support is 

due to its role to combat desertification, to ameliorate soil, provide household energy, as 

livestock fodder, shade and live fencing. Therefore, the plant should be further planted and 

managed properly in arid and semi-arid areas where other plants unable to survive. 
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While the second argument which agricultural sectors said that the plant is noxious weed in 

agricultural areas, range lands, roads and water cannels that suppress native grasses, drying up 

rivers and water table. Therefore, it has to be eradicated and immediately plantation should be 

band. Eradication of P. juliflora has been tried out in many places around the world (Rezene 

Fessehaie, 2006). In most cases the attempt has not been very successful, and in some cases it 

has even made the situation worse (Geesing et al., 2004). Therefore, proper management of the 

plant such as controlling further invasion by utilization was recommended by many 

researchers.   

 2.7   Application of Remote sensing and GIS 

Information regarding to natural resources, the environment and on the changes they undergo 

is essential to detect changes, predict as well as monitor the results and for rational planning 

activities (Hellden, 1987). GIS and Remote Sensing technology is a young technology that play 

a pivotal role in providing information regarding the spatial distribution of various land use 

classes over years. The information derived from multitemporal remotely sensed data on land 

cover change and its impacts can be identified for regional sustainable management, economic 

development and environmental protection. 

 According to Hellden (1987), remote sensing is the measurement of emitted or reflected 

electromagnetic radiation, or spectral characteristics, from a target object by a multispectral 

satellite sensor. Remote sensing satellite images are immensely used in natural resources 

monitoring and management, study the time to time changes due to its repetitive coverage.   

Remotely sensed data sources can be used with an integration of GIS and relevant information 

obtained from the real environment to detect land use/land cover changes and mapping of these 

changes. Whenever environmental data are needed for retrospective analysis the historical 

remotely sensed data is often the only available solution. This is possible because useful 

satellite data are available from 1972 and on wards (Hellden, 1987). 

In Ethiopia, GIS and Remote Sensing is at infant stage. Therefore, only a few researches have 

been worked on land use/ land cover change detections by using GIS and remote sensing 
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techniques like in Metu area (Solomon Abate, 1994), in Dembecha area (Gete and Huri, 2001), 

and in Chemego area (Woldeamlak Bewket, 2002).The researchers have a common 

understanding that integration of GIS and remote sensing will give most accurate and useful 

information on land use/ land cover change. 

Therefore, GIS and Remote Sensing technology used in this study to describe the land use/land 

cover change, rate of expansion and ecological distribution of P. juliflora in AmibaraWoreda 

Afar National Regional state.    

3. MATERIALS AND METHODS   

 3.1. Study site 

3.1.1. Location and description 

  The study was carried out in Afar region of Ethiopia in AmibaraWoreda of the Middle 

Awash. The Middle Awash lies along the Awash River basin between the Upper and Lower 

Awash in Rift valley. The sample areas are located at geometrical co-ordinate of 40009’ to 

40038’E of longitude and 9018’ to 9052’ N latitude in AmibaraWoreda of the Middle Awash 

Valley (Figure 1). The altitudinal range of the Middle Awash Rift valley varies from 116 

meters below sea level in the Denakil depression to roughly 900 meters above sea level at 

Mount Hertali (Abdurahman Ame, 2002). 

 

AmibaraWoreda covers the flood fed pastures and temporary wetlands. TheWoreda share 

boundaries with DulechaWoreda and Awash FentaleWoreda in the West and South West; 

Awash FentaleWoreda and Oromia Region from South and South East; Somali and Oromia 

Region from the East and GewaneWoreda from the North. From the total area of the zone, 

AmibaraWoreda covers 17% of the land area.    
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         Figure 1: Map of the study sites   

3.1.2. Climate 

 Like those other low lands of Ethiopia, AmibaraWoreda is characterized by high temperature 

and low and erratic precipitation. The mean annual temperature of this area is 27.60c and the 

mean maximum temperature reaches 390c in June whereas, the mean minimum temperature is 

150c in November (Figure 3).The wettest season of the area is in between July (122 mm 

rainfall) and August (118 mm rainfall), but the mean maximum and mean minimum rainfall are 

122 mm and 6 mm in July and December respectively (Figure 2). The mean annual relative 

humidity ranges from 40% in June to 59% in August indicating that June is the hottest month 

and August is the wettest month of the study area (WAS, 2006). The area has the mean annual 

total rainfall of 564.4 mm while the mean evapo-transpiration is estimated to be between 1400 

and 2200 mm per annum for the last 35 years (MOA, 1997). 
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May and June are the driest months of the year and locally called “Bagay” which is unsuitable 

for browsing since bushes dry up except P. juliflora. The main rainy season called “karima”, 

which accounts for about 60% of the annual total rainfall, is from July to September. This is 

followed by best grazing season that occurs from September to November. Another minor 

rainy season appears during March and April, which account for 20% of the total rainfall. 

November to March is less severe dry season with relatively cool temperature (Figure 2). 

      

        Figure 2: The Mean Monthly Average Rainfall over the last 23 years (WAS, 2006) 
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Figure 3: Mean Monthly Maximum and Minimum Average Temperature over the last 23 years 

(WAS, 2006) 

3.1.3. Land use/ land cover   

According to Abdurahman Ame (2002), the land use/ land cover of AmibaraWoreda can be 

generally classified into state farm, open bushland, bushland, shrubland, open grassland, 

seasonal marshland, and bare land as shown in Table 1 below.   

 

 

 

 

 

 

 

0.0

5.0

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Months

T
em

p
er

a
tu

re
 (

o
c)

 Tmax 

Tmin 



 

Page 32 

 

 

Table 1: land use/ land cover of Amibara Woreda 

No. Description Extent 

(hectares) 

%   cover 

1 State farm 7956 2.71 

2 Open bushland  40,054 13.62 

3 Bushland  25,195 8.57 

4 Shrubland 151631 51.55 

5 Open grassland  23179 7.88 

6 Seasonal marsh land  19686 6.69 

7 Bare land  26405 8.98 

  Source:  Abdurahman Ame, 2002 

 3.1.4. Human and animal population 

According to the CSA (1996) census, Afar region has population size of 1,106,383 and land 

area of   85,410 km2. The region is among the area of the country with low population density 

of 13 persons/ km2. Amibara Woreda where the study has taken place has population size of 

40,175 and land area of 2941 km2 and has population density of 13.7 persons /km2. However, it 

is important to put in mind that the population density among Woredas vary from time to time 

as a result of seasonal movement pattern of the pastoralists depending up on the availability of 

grazing lands and water points. 

The livestock populations of the Amibara Woreda are composed of cattle 103, 959, goats 122, 

526, sheep 48,043, donkeys 3,888 and camels 39,995(CSA, 2005). A family that has no camel 

is considered to be poor, regardless of other live stock, and those who have at least one camel 

are considered to be rich. The wealthy families who have more than 100 camels are very 

respected by the society in the area (Personal communication). 

The pastoralists in Amibara Woreda spend most of the wet season in Allaideghe plain where 

all the Afar clans evacuate their livestock for grazing and in dry season along Awash river 
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bank. During the main rainy season the flood hazard displace the people away from the Awash 

River. In Amibara Woreda, most rural people have nomadic life style while people live in 

urban area are sedentary. 

According to the local people, before the introduction of P. juliflora and arrival of commercial 

farms, the dry season grazing area of the Amibara Woreda pastoralist were around Melka-

werer and Melka-sedi. Now due to commercial farm expansion and invasion of the exotic plant 

P. juliflora, the pastoralists are forced to move to the Allaideghe plain where repeated conflicts 

among Afar clans, Issa, and Ittu Oromos is occurring on resource use.   

3.1.5. Economic characteristics 

 The majority of Afar people are pastoralists. The data on the type of activities indicate that the 

major economic activity of the population is pastoralism (74%). This is followed by mixed 

farming (23%). The population who engaged in farming alone and non farm is only 0.5% and 

0.2%, respectively (Abdurahman Ame, 2002). The most important income generation in the 

study area is animal husbandry mainly of cattle, camel, sheep and goats for daily subsistence. 

The presence of Awash River and experiences gained from the state farms made the Afar 

people to recognize the importance of integrating irrigation agriculture with animal husbandry. 

The people of AmibaraWoreda understand that crop production can provide sufficient food 

supply, subsequently ensuring their food security and means of resolving conflicts. Moreover, 

production of crop will reduce long distance travel in search of grazing lands and water points. 

However, few numbers of house holds engaged in crop production for home consumption and 

market sales. 

The major constraints of the Afar people not to involve in irrigation activities are financial 

shortage, human capital, problems of clan leaders that set an obligation regarding to property 

right of other stake holders, and recently the invasion of P. juliflora in most irrigation lands. 

The awareness of pastoralists to involve in non–pastoral activities is increasing (Abdurahman 

Ame, 2002). The rational behind this fact is the occurrence of drought and lack of grazing 

lands and water points for their livestock.  
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3.2. Data source and material 

In this study, to understand the distribution and rate of invasion of P. juliflora and the socio-

economic impacts of the plant, both primary and secondary data sources were required.    

Primary data were generated from the analysis of satellite images (Table 2), preliminary 

survey, and the responses of the local people and agricultural experts who involved directly or 

indirectly with the plant using questionnaire.   

On the other hand, secondary data were obtained from the study area topographic maps. 

Besides, the published materials including books, journals, research articles and census reports 

were reviewed.    

Table 2: Different years of satellite images   

I.   Satellite Image Data 

Satellite Sensor Spatial 

Resolution 

Date of Acquisitions 

Landsat 5 TM 28.5 X 28.5 meter 21, January,1986 

Landsat 7 ETM+ 28.5 X 28.5 meter 05, February,2001 

 

3.3. Study design and sampling 

3.3.1. Pre-field work stage  

To begin with, literature study is an important part of this research. It is not only strengthening 

the author’s knowledge in various relevant fields, but also directly determines how the 

proposed research can be handled and carried out. The literature study is mainly focused on 

ecological distribution of P. juliflora and the potential benefits and adverse impact of the 

species. Moreover, special attention was given with the works on the detection of the 
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distribution of P. juliflora in different land use/ land cover types of the study area with GIS and 

Remote Sensing Technology.   

Preliminary image analysis was performed to extract meaningful information from the acquired 

satellite image of the years 1986 and 2001. In order to generate valuable information ENVI 4.2 

software was used at different levels. The conventionally accepted methods of image pre-

processing techniques used in this study were study area delineation, image restoration, image 

enhancement and Preliminary classification. 

First the topographic map a scale of 1:50,000 was georeferenced and the study area was 

delineated. Based on the area obtained from the topographic map each of the satellite imageries 

has been subsetted and the final study area images were obtained for the different years. These 

images were first geometrically rectified for further use. 

 Moreover, to collect social data different data collection sheets and questionnaires were 

prepared.   

 3. 3.2. Field work stage 

Before actual field data collection reconnaissance survey and group discussion with theWoreda 

agricultural experts of the study area was made in May 2007 in order to obtain an impression 

on the distribution of P. juliflora. Then vegetation field data were collected in June 2007 and 

the socio economic data were collected in June and July 2007. 

 3.3.2.1. P. juliflora survey in different land uses  

To start data collection on P. juliflora in different land uses, two line transects were laid from 

the mother tree of P. juliflora to North and South direction across the density gradient of the 

plant. Along the transect lines, GPS points with their respective land use/ land cover types were 

systematically recorded with an interval of 200m apart. The recorded land use /land cover 

types were stratified into four main land use/land cover types. From each land use/ land cover 

types three GPS points were selected randomly and 50 meters perpendicular to these points 

900 m2 (30m x30m) area plots were laid and P. juliflora was sampled from each plots. Plots 
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which had no P. juliflora were replaced with the next plot of the same land use type. In the 

mean time, at each sampling site and through out the study area reference points were taken 

using Garmin GPS receiver for ground truth verification. Data that were collected for P. 

juliflora were the number of coppices and the density of the plant at each plot. 

 Number of coppices/stool:  From each plot the number of coppices that arise from one 

root/stool was recorded and the total number and the mean number of coppice/stool were 

calculated. The total number of coppice was used to determine the density of the plant at each 

land use type.   

 Density: The number of individuals of each plot is important to characterize the density of the 

plant. Density is determined by counting the number of individuals at each sample plot. The 

numbers of stems were counted for the plant having more than one coppice (stems arise from 

one root). Tree density was computed by converting the count from the total quadrates of each 

land use type into hectare basis (Genene Bekele, 2005). 

 3.3.2.2. Socio-economic impacts  

 To gather information about socio-economic impacts as well as the local people’s perception 

towards the species in the study area, data were collected through semi-structured 

questionnaires.  

Depending on the severity of the invasion and distribution of the species in theWoreda, the 

“Kebele”s were stratified into highly invaded and less invaded areas based on preliminary 

survey and group discussion with theWoreda agricultural experts. From highly invaded areas 

four “Kebele”s and two “Kebele”s from less invaded areas were selected randomly. A total of 

120 households 20 from each “Kebele” were selected using systematic random sampling 

technique i.e. the total number of households of each Keblele was divided by the required 

sample size  to determine  the appropriate sample interval ( I ). Then, first household was 

selected randomly with lottery system. Finally, every Ith household was chosen starting from 

the first house hold   (Dale, 2006; Trochim, 2006). Households who were absent during data 

collection were replaced with the proceeding households. Both male headed and female headed 

households were included in the sampling.  
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The direct economic advantages of the plant were estimated from individual responses to 

questions that sought to find out quantities of various products harvested from P. juliflora 

whether those products were used for home use, sale or both. Quantities harvested, whether 

they were for sale or home use, used to estimate the total income derived from the plant. The 

prices and the quantities of each harvested products were averaged for respondents and the 

total income/month/individual were determined for both studied sites. All products were 

valued at the average market price prevailed at the time of data collection.  

Moreover, the total costs of local people associated with P. juliflora invasion was estimated 

from the number of animals died with typical symptoms such as bending of neck, swelling of 

stomach, inflammation of legs and tooth decay caused by P. juliflora for the last three years 

(2004 to 2007) and the market price of healthy animals was averaged for the respondents on 

both highly invaded and less invaded areas for the last three years and analysis was made for a 

year.     

Furthermore, the cost of clearing a hectare of land invaded with P. juliflora was estimated for 

respondents. Some respondents responded in terms of time, while the others provided it in 

terms of money. The time estimates were converted in to labor costs through the standard cost 

of labor in the study area. The labor cost to clear a hectare of land depends on the extent of 

invasions. Individual responses were taken and averaged to estimate the total cost of 

management. 

Moreover, a total of 12 agricultural experts from the woreda agricultural office, Werer 

Agricultural Research center and from Non-Governmental Organizations (NGO) working 

directly and indirectly on the species were involved (purposive sampling technique). 

3.3.3. Post field work stage 

To investigate the ecological distribution of P. juliflora analysis was implemented on the 

Landsat TM 1986 and Landsat ETM+ 2001 images. This involves the use of unsupervised and 

supervised classification techniques in order to compare the changes on the spatial trends of P. 

juliflora during sixteen years. 
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Before starting with the analysis using the above methods haze correction and noise removal 

were done for each image. In addition to these spatial enhancement and spectral enhancement 

have been done. Finally, these rectified images were classified using unsupervised 

classification technique. The modified signatures obtained from the unsupervised classification 

were used to derive ten land use/land cover classes. 

Based on the GPS points, which were generated during field work, unsupervised classified land 

uses/land covers were cross checking with the ground truth and the supervised classification 

was made. Finally, the ten classes were aggregated in to seven classes to have compatible and 

universal spatial data that can be stored in data bases. In relation to this, the years 1986 and 

2001 land use/land cover classification results were evaluated by employing accuracy 

assessment technique using ENVI 4.2 software to investigate how the result reflects the reality 

on the ground. Moreover, the years 1986 and 2001 land use/land cover maps were generated 

independently (Figure 4 and 5). The classified land use/ land cover maps were used for change 

detection analysis and the classified land use/ land cover classes were exported to the ArcGIS 

9.2 for change detection analysis and cross tabulated in matrix form (Table 3).  

  

                                    The General Study Approach   
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  3.4. Statistical analysis 

 The data were analyzed using SPSS version 15 software program. Excel 2003, one way 

ANOVA and Tukey’s HSD and descriptive statistics were used for analysis of social data and 

vegetation data. All data were tested at 95 % of confidence interval. Moreover, land use/ land 

cover change analyses were made using Arc GIS 9.2.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Page 41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Page 42 

 

 

 

 

 

4. RESULT AND DISCUSSION 

4.1     Distribution of P. juliflora 

 The distribution of land use/land cover unites of the study area are categorized into seven 

classes. These are P. juliflora cover, grazing lands, Acacia woodlands, shrub lands, 

settlements, forests and agricultural lands. The forest lands are riverine forests in the study 

area. The 1986 and 2001 of land use /land cover classification map of the study area was 

presented in Figures 4 and 5. In addition, the statistics of land use /land cover changes were 

computed and summarized to detect the nature of changes based on 1986 and 2001 dates of 

imageries.   
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               Figure 4: The 1986 land use/ land cover map of the study area 
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        Figure 5: The 2001 land use/ land cover map of the study area 

From the 1986 land use/land cover map interpretation and classification, P. juliflora accounted 

5.45% of the study area. The Grazing lands and dense Acacia woodland occupied about 10.5%   

and 31.37%, respectively. Besides, shrub lands accounted 14.46% of the total coverage of the 

study area. Moreover, the land use land cover units of settlement, forest land and agricultural 

lands occupied 4.86%, 11.26% and 22.03% of the total study area, in the same order (Figures 4 

and 6) 

From the total land coverage of the study area, P. juliflora accounted for about 6.75% in the 

year 2001. Grazing lands and Acacia woodland take the share of 11.76% and 15.62%. Further 

more, shrub land, settlement, forest and agricultural lands cover 16.03% , 7.59% , 11.29%  ,and 

30.93%   of the remaining land area of the study site, respectively (Figures 5 and 6). 
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                                                Figure 6: Land use/ lands cover change (1986 and 2001) 

 The table below shows the land use/ land cover matrix that display the cover change of P. 

juliflora to other land uses and other land uses to P. juliflora. Moreover, it also describes which 

type of land use has been more invaded with P. juliflora within the given years. 

Each column of the table shows values that have been changed from one land use/land cover 

type to another. For example, on the table 3 (*) shows that 0.97 km2 cover of P. juliflora 

converted to grazing land, 3.7 km2
 P. juliflora cover converted to dense Acacia woodland, 3.97 

km2
 P. juliflora cover converted to shrub land and the like. The value 26.32 km2 indicates the 

total land cover of P. juliflora in 1986. Each row values show changes of different land 

use/land cover types to a particular land use/ land cover type. For instance, on the table 3 (**) 

indicates that 0.4 km2 of grazing land cover converted to P. juliflora, 9.91 km2 dense Acacia 

woodland changed to P. juliflora cover, 3.1 km2 shrub land converted to P. juliflora. The value 

32.6 km2 indicates the total cover of P. juliflora in 2001. Moreover, the shaded diagonal line 
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values represent area of each land use/ land cover where no change has been occurred. For 

example, 15.7 km2 cover of P. juliflora has been unchanged from 1986 to 2001. 

Table 3: Change detection matrix between 1986 and 2001 

              Source: 1986 and 2001 Land use land cover classification map 

 

 P. juliflora, the exotic plant introduced to the area before 20 years, has been found and 

invading almost all land use types in the study area. However, the extent and severity of 

invasion differ from one land use/land cover type to another. The plant has highly encroached 

Acacia woodlands (Tables 3 and 4). This is possibly because the plant sprouted many coppices 

from a single stool while the local people have cut down it above the ground for fire wood and 
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charcoal. Acacia woodlands are common properties for local people. Therefore, there might be 

uncontrolled exploitation of non-indigenous plants including P. juliflora. This uncontrolled 

cutting down of P. juliflora encouraged the expansion of the plant in the aforementioned land 

covers types (Hailu Shiferaw et al., 2004). Although charcoal making has been recommended 

as one way of controlling the invasion of the plant, cutting down above the ground for any 

purpose increases the density and expansion of the plant.  

The Acacia woodland cover is very important for browsers like camels and goats. The 

invasions of this land cover with P. juliflora created negative impacts primarily on the 

pastoralists whose livelihood depends on camels and goats. The dense Acacia woodland has 

largely changed in to shrub lands with 7.4% of the total area (Table 3). P. juliflora has also 

contributed a lot for the decline of Acacia woodland cover. When P. juliflora grow 

intermingled with acacia species, it out compute and drive off the Acacia species from the area 

(field observation). The dense Acacia woodland cover has been decreased with a rate of 0.98 % 

per year.   

 P. juliflora cover has increased its expansion from 5.45 to 6.76% with an average rate of 

0.08% units per year (Table 3 and 4). The same study in United Arab Emirate showed that P. 

juliflora cover increased from 19.3 to 20.65% during the 10 years period from 1986 to 1996 

with an average rate of 0.14% units per year (Essa et al., 2006). 

During 16 years periods, P. juliflora encroached 0.08% of grazing land of the total study area, 

2.05% of Acacia woodland, 0.64% of shrub lands, 0.07% of settlement areas, 0.54% of forest 

and 0.11% of the agricultural lands (Table 3) while 2.20% of P. juliflora has converted to other 

land use types of the total study area. The plant has shown a net increase of 6.29 Km2 land 

cover of the total area (Table 4). 

P. juliflora has shown net increase in distribution in dense Acacia woodland, forest lands (i.e.   

riverine forests) and agricultural lands. This may be due to repeated stumping of the plants or 

dissemination of seeds by browsers like camels and goats in dense Acacia woodland. However, 

in other land use types of the study area the plant shows net decrease in distribution. This may 
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be due to some proper management of the plant around the settlements or there might be 

proper utilization of the plant in some areas (Table 4).     

Therefore, the encroachment of P. juliflora in dense Acacia woodland, forest lands and 

agricultural lands need special attention. Because the Acacia woodlands are directly linked 

with the livelihood of the pastoralists and the plant will drive off the indigenous plants from the 

forested areas. Moreover, the invasion of P. juliflora on agricultural lands decrease the rent 

price of the lands of the local people and increase cost of clearing for the state farm owners. 

  Table 4:  Dynamics of P. juliflora invasion 

Change in Land use Land 

cover 

  1986 to 

2001 

Change in Land use Land 

cover   1986 to 2001 

Net 

change 

  Area(km2)   Area(/km2) Area(km2) 

Grazing land to P. juliflora 0.4  P. juliflora to Grazing land 0.97 -0.57 

Dense acacia to P. juliflora 9.91  P. juliflora to Dense acacia 3.7 6.21 

Shrub land to P. juliflora 3.1  P. juliflora to Shrub land 3.97 -0.87 

settlement to P. juliflora 0.35  P. juliflora to Settlement 0.99 -0.64 

Forest to P. juliflora 2.62  P. juliflora to Forest land 0.56 2.06 

Agriculture land to P. 

juliflora 0.53 

 P. juliflora to Agricultural 

land 0.43 0.1 

Total 16.91   10.62 6.29 

                         Source: 1986 and 2001 Land use land cover classification map 

4.2. Some characteristics of P. juliflora in different land uses   

Number of coppices/stool: The number of coppices of P. juliflora determines the density of 

the plant per a given area. The mean number of coppices per stool/root was 4.48+0.19(SE) in 

agricultural lands, 4.35+0.40(SE) in settlements, 2.11+0.15(SE) in riverine forests, and 

5.38+0.27(SE) in Acacia woodlands (appendix 3). However, Hailu Shiferaw et al. (2004) has 

found 17.8+0.9 an over all mean number of coppices of P. juliflora 6 months after stumping 

and Abiyot Berhanu and Getachew Tesfaye (2006) also found 12 and 5 mean number of 
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coppices for stumped and non stumped P. juliflora stems, respectively. The over all mean 

number of coppices investigated in this study (4.4+0.15) which is almost similar to the mean 

number of coppices investigated for non stumped stems P. juliflora by Abiyot Berhanu and 

Getachew Tesfaye (2006).Therefore, this reveals that stumping of P. juliflora can increase the 

number of coppices. 

The number of coppices per stool or root showed significant differences in between settlements 

and Acacia woodlands, settlement with riverine; riverine forest with Acacia woodland, riverine 

forest with agricultural land. There was no statistical difference on the number of coppices per 

stool among agricultural lands with Acacia woodlands and settlements (appendix 1). This 

revealed that human intervention was higher in Acacia woodlands and agricultural lands. 

Around the settlements, the local people cut down the plant to control further spread of the 

plant or manage it properly for fencing and shelter. Hence, where it has been cut down the 

numbers of coppices were higher and where it has been protected the numbers of coppices 

were lower.    

  The mean number of coppices is higher in Acacia woodland than other land use types. These 

indicate that there might be high human intervention in Acacia woodlands than other land uses. 

The least number of coppices were counted in riverine forests. This might be due to low human 

interventions around the riverine forest due to the customary law of the Afar people or may be 

canopy effect of the tallest indigenous trees on the growth of young coppices.   

Density: The density of the plant in different land uses were computed by counting the total 

number of coppices found in each plot and converted the average to hectare. The density of P. 

juliflora was found higher in Acacia woodlands (1774 stems/ha) and least in riverine forests 

(344stems/ha) (Appendix 4) which is similar to the finding of Mohamed (1997) in Maxico.   

Generally, cutting down of P. juliflora above the ground increases the number of coppices and 

density of the plant which consequently increases cost of control, infestation of crop pests, 

prevent free movement of livestock and human beings.    

 



 

Page 50 

 

4.3. Socio-economic impacts 

4.3.1   Benefits of P. juliflora 

4.3.1.1   Economic benefits 

The socio economic survey identified the following uses of P. juliflora in both highly and less 

invaded area.   

Table 5: Economic use values of P. juliflora   

 Highly invaded 

areas(n=80) 

Less invaded 

areas(n=40) 

Use No. of 

respondents   

% No. of 

respondents    

% 

Charcoal 39 48.8 6 15 

Fire wood 66 82.5 31 77.5 

Pods(for livestock 

fodder) 

71 88.8 33 82.5 

Fencing 

poles/construction   

10 12.5 6 15 

Medicinal value 19 24 2 5 

           Source: Analysis socio-economic survey data 

The pod of P. juliflora for animal fodder was mentioned most frequently in both areas. From 

the total respondents of highly invaded area about 28% of them also mentioned that they 

collected pods from the field for sale. This is because pods of P. juliflora used as fodder for 

their animals and some of them collected it for sale and as reserve to feed their animals during 

drought seasons. It was also common to observe animals feed on pods that shed from P. 

juliflora on the ground. Similar study in Kenya also revealed that the pods of the plant used for 

animal feed (Varshney, 1996). 

 The medicinal value and the wood of the plant for fencing and construction in this study is the 

least frequently mentioned use value of the plant. This may be due to lack of awareness and 
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knowledge to extract the exudates from the plant and the crooked nature of the plant. In India 

the plant extract is used to treat eye infections (Vimal and Tyagi, 1986), stomach disorder, skin 

ailments and superficial wound (Roach, 1990). 

The wood of the plant for firewood was the second and charcoal was the third most frequently 

mentioned product of P. juliflora in the study sites (Figure 7). This is probably because the 

indigenous plants that were used for fire wood by the local people has been replaced by P. 

juliflora and the problem forced them to do so. The pastoralist were not involved in charcoal 

making but rather the daily laborer who lead their livelihood by clearing bushes from the farm 

lands, canals and roads, were reported charcoal as their main source of  income. These results 

of the study are in agreement with the study of Abiyot Berhanu and Getachew Tesfaye (2006).      

  

 

            Figure 7: Fire wood of P. juliflora as income generation (photo: Around Melka-Sedi) 

Charcoal production recommended as one option of controlling further spreading of P. juliflora 

in the study area by organizing the local people and there by can increase the total income   

(personal communication). The plant is very important for live and dead fencing around the 

villages and farm lands in the study areas (Table 5) which is also described by Varshney and 

Kanzaria (1998).    
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 Individuals who live in the study area can generate some economic values from P. juliflora. 

The mean economic value estimates gained by individuals in highly and less invaded areas is 

presented in the Tables 6. 

Table 6: Mean Economic values of P. juliflora for an individual/month in highly invaded areas 

Harvested 

items 

 

 unit 

 

Quantity 

    

Price(Eth.Birr) 

 Average value 

(Eth.Birr/Month) 

 

Std.deviation 

Charcoal Sack 30.3 25 761.5 223.4 

Fire wood Back 

loads 

37.7 11.7 445.55 165.4 

Pods for 

livestock feed 

Kg 234 0.38 88.7 29.2 

Total income       1309.25 419.3 

      Source: Analysis socio-economic survey data 

 Table 7: Mean Economic value of P. juliflora for an individual/month in less invaded areas 

Harvested 

items 

  

Unit 

Quantity  Price 

(Eth.Birr) 

 Average value 

(Eth.Birr/month) 

Std.deviation 

Charcoal Sack 15.1 24.3 364.3 73.39 

Fire 

wood 

Back 

loads 

17.7 11.9 210.4 107.23 

Pods   Kg 0 0 0 0 

Total       574.7 180.62 

      Source: Analysis socio-economic survey data 

Individuals who live around highly invaded areas with P. juliflora can generate an average 

benefit of 1309 Eth.Birr/month/individual from charcoal making, fire wood collection and pods 

collections (average exchange rate in 2007 was 8.80 Eth.Birr =1US$) and 575 Eth.Birr/month 

/individual in less invaded areas which is greater than the monthly average income per 
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individual of the same products of the plant in Kenya (Mwangi and Swallow, 2005). Charcoal 

making is by far the most important product of P. juliflora in the study area and an individual 

can generate an average value of 761.00 Eth.Birr/month in highly invaded areas and 364 

Eth.birr/month/ individual in less invaded areas. Charcoal making has been banded because of 

illegal removal of indigenous trees in the name of P. juliflora charcoal production (personal 

communication). The mean monthly values of fire wood from P. juliflora were 445 and 210 

Eth.Birr/individual in highly and less invaded areas, respectively which are greater than the 

mean monthly income per individual generated from P. juliflora fire wood in Kenya (Mwangi 

and Swallow, 2005). This monthly income was estimated from respondents collected for both 

home use and sale. The socio-economic survey revealed that local people that live within and 

around highly invaded area can generate 88.7 Eth.birr/month/individual from P. juliflora pod 

sale (Figure 8) which is greater than individual can generated in Kenya (Mwangi and Swallow, 

2005).     

        

            

  Figure 8: P. juliflora pod collection means of control of invasion and income generation 

(photo taken from one of the local association in the study area) 

The average economic value gained in highly invaded area was higher than the less invaded 

areas in each harvested items of P. juliflora. The mean economic value gained from P. juliflora 

showed significant difference between highly invaded and less invaded areas (one way 
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ANOVA: F (1, 4) =62.8, P=0.001) (Appendix 5). The reason may be in highly invaded areas 

better awareness creation has been made or the local people have better awareness on the 

economic benefit of the plant or the problems created by the plant may forced them to exploit 

more than less invaded areas. 

4.3.1.2. Ecological benefits 

 P. juliflora is the only plant species which grows well in desert areas with an evergreen leaves 

and stems under moisture stressed conditions and there by it improves the microclimate (Table 

8). According to the respondents, the natural stands of the plant play significant role in 

reducing soil erosion and the speed of the wind has decreased after the plant has been 

introduced (Table 8). Study conducted in Sudan indicates that the wind speed inside a five year 

old P. juliflora plantation was reduced by 14%, while potential evaporation was reduced by 22 

% (El Fadl, 1997). Moreover, the local people benefited from the plant as shade tree in places 

where they sit and congregate like around villages, graves and churches. The plant is also well 

managed around these areas as it is forbidden to cut plants found around graves and churches 

(Table 8). 

The local people explained that there were bare lands where other plants couldn’t grow owing 

to the saline nature of the soil. P. juliflora was the only plant that had invaded the area. The 

local association union found in the study area cleared that P. juliflora stands and grew cotton 

crop and got relatively higher yield than the near by farm lands. The reason may be the plant 

extract the salt from the soil or may increase the organic matter of the soil. Thus, the plant has 

an ability to reclaim degraded lands (18% of the total local respondents). Singh and Singh 

(1993) and Victor et al. (2007) have also found that, the plant has ability to rehabilitate soils 

with salinity regimes equivalent to that of seawater and can reclaim industrial sites and El-

Keblawy and Al-Rawai ( 2006) also explained that the plant increase the organic mater and soil 

fertility under its canopy. 
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Table 8:  Ecological benefits of P. juliflora 

Ecological Benefits A % B % 

Combat Desertification 65 54 3 25 

Decrease Soil Erosion 85 71 5 42 

Reduce Wind Speed 41 34 6 50 

shelter for wild life 91 76 4 33 

Shade tree 27 23 3 25 

         Source: Analysis socio-economic survey data 

  (A=No. of local people respondents; B=No. of agricultural expert respondents) 

4.3.2. Adverse impacts of P. juliflora 

The problem associated with P. juliflora invasion varied considerably between highly invaded 

areas (in Melka-Werer, Melka-Sedi, Serkahamo, and Beduleale) and less invaded areas 

(Awash-Arba and Kurkura) “Kebeles”. In highly invaded areas, respondents noted that the 

most severe problems to be reduction of wood lands, decrease rangelands, reduced farm lands, 

health impacts on animals, decrease on crop productivity, narrowing of roads, piercing of skins 

and hooves, forming thick thorns which prevent animals movement, host for different crop 

pests such as aphids, white fly and tree locusts (Table 9 and Figure 9). 
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Table 9: Some of the Adverse Impacts of P. julifora  

 

           Source: Analysis socio-economic survey data  

(A=No. of local people respondents; B=No. of agricultural expert respondents) 

The respondents explained that the plant decreases the size of farm lands and grazing lands. 

The plant forms impenetrable thickets and strong thorns and thereby decreases the quality and 

quantity of live stock causing diseases such as twisting of necks, formation of undigested ball-

shaped matter inside their stomach, wounds on their skins and hooves and prevents their 

movement in searching of food (Table 9). Moreover, the plant was not only caused diseases to 

animals but also suppressing the growth of grasses under its canopy. Furthermore, most 

respondents acknowledged that P. juliflora decreased the biodiversity by computing both 

resources and natural environment. Essa et al. (2006) also explained the negative impact of P. 

juliflora on biodiversity. 

 The pastoralists were forced to drive their livestock long distance in search of pasture due to 

the invasion of the previous grazing lands by the plant (Table 9). This movement of livestock 

caused frequent ethnic conflict between the Afar and Issa.  

About 97% of the total respondents reported that thorns of the species are so strong that they 

can pierce the tyres of bulldozers making them flat and increase cost of operation. The thorns 

make it difficult for individuals to penetrate the dense thickets to harvest firewood and other 

products of the plant and about 75% of them said that the dense stands of P. juliflora harbor 

predators such as hyena, lions, warthogs, etc. which prey on domestic animals and agricultural 

Adverse Impacts  A (%)  B (%) 

Decrease woodlands and farm lands 91 83 

Kill, injure and poison animals 55 92 

Discourage growth of grasses under its canopy 90 75 

Decrease crop productivity 51  92 

Decrease range lands 98 83 

Form impenetrable thickets and strong thorns 97 100 

Decrease plant diversity   92 75 
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crops. Further more, they also admitted that P. juliflora displaced the people from their home 

land to other areas where the plant has not yet invaded. However, if they move together with 

their animals the plant will grow from the droppings of the animal and invaded the new areas 

again. 

In addition to the aforementioned adverse impacts, the plant was a cause to loss of cattle, 

camels and goats in both highly and less invaded areas (Tables 10 and 11).   

Table 10: Estimates of Economic cost of P. juliflora invasion (Highly Invaded Areas) 

 Economic cost No. of 

livestock 

loss per 

year 

 Estimated 

Average Price  

 ( Eth.Birr) 

Average Value per 

Respondent 

(Eth.Birr /year) 

Std.deviation 

  

(Eth.Birr/year) 

Cattle 6.72 1500.00 10090.90 4610.12 

Camel 3.57 3000.00 10714.28 5483.24 

Goats  8.81 150.00 1322.22 615.71 

Total cost 19.1 4650 22127.4 10709.1 

Source: Socio-economic survey analysis 

The survey showed that the goats were highly affected than other animals in highly invaded 

areas and cattle come next. This was probably because pastoralists kept goats around their 

villages feed on P. juliflora pods (Table 10). But in the case of less invaded areas the cattle 

were more affected than others. This was also reasonable because of the fact that these animals 

were driven long distance crossing invaded areas and have high probability to feed on too 

much pods of P. juliflora in their way (Table 11). 

 

 



 

Page 58 

 

 

Table 11: Estimates of Economic cost of P. juliflora invasion (Less Invaded Areas)   

Economic          

Cost 

No.per 

year 

 Estimated 

Average 

Price(Eth.Birr) 

Average Value per 

respondent(Eth.Birr 

per year) 

Std.deviation Of value 

(Eth.Birr per year) 

 Loss of 

Cattle 

6.06 1500.00 9100.00 4106.61 

Loss of 

Camel 

2.33 3000.00 7000.00 3633.18 

Loss of 

Goats 

4.36 150.00 655.26 427.81 

Total cost 12.75 4650 16755.3 8167.6 

Source: socio-economic survey analysis 

The total average cost from loss of animals in highly and less invaded areas was 55% and 42%   

respectively of the over all cost. The number of animals lost and the amount of money spent to 

manage the plant was also higher in highly invaded areas (Tables 10 and 11). This revealed 

that both the merit and demerits of the plant is higher where the plant is predominantly found. 

However, at the current situation the disadvantages of the plant out weigh advantages gained 

by the local people in the study area (75% of local people respondents) 
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Figure 9: Invasion of P. juliflora in agricultural lands and road sides (Photo: around Serkhamo 

“Kebele”). 

 In addition to the economic cost due to loss of animals, the local people, Farm States, 

Irrigation projects pay considerable amount of money to daily laborers and bulldozers for 

clearing P. juliflora from their farm lands every sowing season (Table 12). The Awash Basin 

Authority employed permanent workers for every 2km on both sides of the water canals that 

clear bushes of P. juliflora at their seedling stage (personal communication).   

 Table 12: Individual Labor Cost for Managing /Controlling P. juliflora   

  Highly Invaded areas Less Invaded Areas 

Cost  Average value 

(Eth.Birr/year) 

Std.Deviation 

(Eth.Birr/year) 

Average Value 

(Eth.Birr/year) 

   Std. Deviation 

   (Eth.Birr/year) 

Cost of clearing/  

hectare   

699.28 311.65 594.16 190.33 

Source: Socio-economic survey analysis 

  Land owners cost an average value of 699 Eth.Birr/hectare/year in highly invaded areas in 

order to make their land free of bushes of P. juliflora while the land less laborers gained some  

amount of money from the land owners. Therefore, P. juliflora is an opportunity of income 
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generation for the daily laborers and cost for the land owners, farm state owners and irrigation 

projects.  

4.4. Local people’s perceptions  

The socio-economic survey revealed that different respondents have different view about how, 

why, who and where the species was introduced to the study area. Generally about 66% of the 

respondents admitted that the plant was introduced first in Amibara irrigation project by a 

foreigner who worked in the project around Melka-werer town for shade and fence and about 

75% of them agreed that P. juliflora was recognized in the study area in 1980s. 

The study revealed that the pastoralists and agro-pastoralists have negative attitude towards the 

species. About 76% of all respondents highly recommended for its complete removal while 

daily laborers and governmental employees have mixed attitude towards the species. The 

reasons may be the formers have got disadvantages with the negative impacts of the plant on 

animals and valuable farmlands and range lands while the latter have got advantages. Thus, the 

perception and attitude of the people towards the plant depends on whether the plant has 

economic advantage or not for a given society.  

4.5. Management options of P. juliflora 

P. juliflora has been found in almost all land use / land covers types in the study areas (Figure 

4 and 5). The edible nature of the pods and its seed dispersal mechanisms by cattle, sheep, 

goats and wild animals and coppicing nature of the plant after stumping are some of the 

characteristics that facilitate its invasion (Hailu Shiferaw et al., 2004; Abiyot Berhanu and 

Getachew Tesfaye, 2006). To control further spreading and to remove it from the invaded 

areas, the local people have tried to use some management options that are listed in Table 13. 
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Table 13: Methods used to control further spreading of P. juliflora  

Methods used to control  A %  B % 

     

Mechanical 58 48 3 25 

Burning 26 22 2 17 

Pod rushing and charcoal 

making 25 21 
 

2 
 

17 

Chemical  3 3 0 0 

Thinning and pruning 0 0 2 17 

Biological  2 2 1 8 

            Source: Analysis socio-economic survey data 

     (A=No. of local people respondents; B=No. of agricultural expert respondents) 

Mechanical Control: - continuous hand clearing and uprooting of new seedlings from farm 

lands, grazing lands and around the settlements were the first options that most respondents 

carried out in the study areas. The other most effective but labor and cost intensive mechanical 

control method which was frequently mentioned by the respondents (Table 13) was  removing 

of the plant from 10-15cm below the ground and use the land for crop production which is also 

described by Hailu Shiferaw  et al. (2004).     

Charcoal production for management: charcoal production from P. juliflora has double 

importance: Source of income generation of the local people and used as an effective 

controlling method of the plant (Table 13). This method becomes so effective if and only if the 

charcoal makers remove the plant at least 10cm below the ground. However, it was common to 

observe in the study area that charcoal makers cut the plant above the ground and made 

charcoal from it. This activity encourages the invasion of the plant rather than controlling it.   

Crushing pods: Almost all respondents admitted that crushed pods of P. juliflora are good 

fodder for livestock during drought seasons and have no adverse effect on animals if it is used 

together with other types of forages (Alder, 1949). Collection of pods and use as animals’ 

forage is used as means of control the spread of the plant in the study areas and as one means 

of income generation (Figure 8 and Table 13)   
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Thinning and pruning: - thinning and pruning are also good management options around the 

villages and waste lands (Table 13). The plants provide live fence, shelter and shade for the 

local people where the people site and congregate in the study areas. The respondents 

explained that to prevent formation of dense P. juliflora thickets around the roads and villages 

some stands of the plant should be removed from the ground and the rest should be pruned 

before they produce pods. 

Chemical controlling methods: The local people was reported that application of motor oil 

after stumping of the tree has also showed encouraging results to control further invasion of the 

plant. 

Burning: This method is one of the methods that have been frequently used by the local 

people to control the plant. Burning of P. juliflora may kill very small seedlings (Abiyot 

Berhanu and Getachew Tesfaye, 2006) but it encourages the coppicing ability of big stems of 

P. juliflora. Therefore, it should not be implemented for all ages of this plant. 

 

Figure 10: Above ground cutting and burning of P. juliflora around farm lands to control 
invasion 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

 The study indicates that P. juliflora has not distributed equally on each land use/land cover 

types. The plant has severely invaded dense Acacia woodlands, riverine forest and agricultural 

lands of the study area, respectively. It has highly distributed in Acacia woodland (9.91 km2) 

and least around the settlements (0.35 km2) over the 16 years period. The plant showed net 

increase of 1.3% land cover change of the study area which has resulted in an immense 

impacts. Moreover, the plant has increased its invasion with a rate of 0.081% per year. P. 

juliflora has out competed and drive off indigenous trees and grasses from Acacia woodland, 

shrub lands, forest lands and grazing lands. Resprouting of two to five mean numbers of 

coppices from single stem after stumping or burning has created an opportunity for the plant to 

distribute in all land use/land cover types. The number of coppices was relatively few around 

the settlements and higher in Acacia woodlands. Moreover, the density of the plant was found 

least in riverine forest lands (344stems/ha) and highest in Acacia woodlands (1774 stems/ha).    

The plant has both positive and negative impacts on the local people. It has provided firewood, 

charcoal, live and dead fencing and shading and animal fodder. Furthermore, it reduces soil 

erosion and reclaims degraded saline soil lands. On the other hand, the pastoralists and agro-

pastoralists loss many livestock and cost great deal of money to control the plant from the farm 

lands. In general, at the current situation the disadvantages of the plant out weigh the 

advantages. Thus, the pastoralists and agro-pastoralists highly recommended for the complete 

removal of the plant from the area while the daily laborers and some governmental employees   

did not agree.  

The dilemma on the benefit and adverse impact of P. juliflora can be solved by enhancing the 

benefits and implementing proper management options. Complete eradication of P. juliflora is 
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virtually impossible at the current state of management options but it is possible to reduce 

further spreading with proper and efficient utilization of the plant.   

 

5.2. Recommendations 

Based on the results obtained from the study and field observations, the following 

recommendations are forwarded. 

� P. juliflora has established it self in all land use/land cover types of the study area 

but  Acacia woodlands, riverine forest, agricultural lands and grazing lands of 

the study area need immediate management activities as they are severely invaded 

by the plant.   

� Complete eradication of P. juliflora is virtually impossible at the current state of 

management options but it is possible to reduce further spreading. Controlling by 

utilization should be taken as the best solution at present.  

� Organizing the local people to utilize the plant effectively so as to control further 

invasions and to diversify source of income of the local people. 

� Charcoal production from the communal lands should be restricted only for local 

associations with careful follow up of its complete removal from the ground.   

� Practice thinning and pruning of the plant where it is desired. This prevents 

formation of thick thickets and production of viable seeds. Therefore, pruning   

should be carried out before the plant has flowering.  

� Randomized cutting immediately above the ground should be stopped.   

�  Hand clearing and uprooting of the plants from farm lands, grazing lands, around 

the villages, and from forest lands should be carried out individually or in group.      

� Burning of the stands of P. juliflora should be banded because burning encourages 

resprouting of new seedlings from the damaged stems and removes all valuable 

native plants from the ground and encourage wind and soil erosion. Moreover, it 

also releases Co2 and other undesired gases that contribute for global warming.  
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� Chemical controlling method has been used to control the plant and application of 

motor oil on the stumped trees was effective but to use this method widely as 

controlling measure, first an over all environmental impact assessment should be 

considered.  

 

� Researches on breeding of Prosopis species should be encouraged to replace the 

thorny P. juliflora with thorn less varieties of high economic value. 

� P. juliflora is found in many parts of the country. Therefore, further studies are 

highly recommended to know the over all social and environmental impact of the 

plant and its rate of expansion.  
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Appendix 1: The multiple comparison of number of coppices/stool of P. juliflora in 

different land use land cover 

95%   Confidence Interval 

  

  

(I) 

landuse 

  

(J) 

landuse 

  

Mean 

Difference (I-J) 

  Std. Error 

Sig. 

  

Lower 

Bound  

 Upper 

Bound 

ST .12619048 .37489722 .987 -.8421095 1.0944904 

RF 2.36255411(*) .45366800 .000 1.1908018 3.5343065 

AL 

  

  AWL -.90583200 .36397974 .064 -1.8459338 .0342698 

AL -.12619048 .37489722 .987 -1.0944904 .8421095 

RF 2.23636364(*) .47413881 .000 1.0117384 3.4609888 

ST 

  

  AWL -1.03202247(*) .38919688 .042 -2.0372562 -.0267888 

AL -2.36255411(*) .45366800 .000 -3.5343065 -1.1908018 

ST -2.23636364(*) .47413881 .000 -3.4609888 -1.0117384 

RF 

  

  AWL -3.26838611(*) .46555444 .000 -4.4708393 -2.0659330 

AL .90583200 .36397974 .064 -.0342698 1.8459338 

ST 1.03202247(*) .38919688 .042 .0267888 2.0372562 

Tukey 

HSD 

  

  

  

  

  

  

  

  

  

  

  

 

AWL 

  

  RF 

3.26838611(*) .46555444 .000 2.0659330 4.4708393 

* The mean difference is significant at the .05 level. 

  Note: AL=Agricultural Land, ST=Settlement, RF=Riverine Forest, AWL=Acacia wood land 
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Appendix 2:  The multiple comparison of P. juliflora density/hectare in different 

landuse/land cover 

 (I) Land 

use 

(J) 

Land 

use 

Mean 

Difference (I-J) Std. Error Sig. 95%   Confidence Interval 

         Lower Bound  Upper Bound  

ST 451.8259259 878.5738344 .953 -2361.676754 3265.328606 

RF 1396.2703703 878.5738344 .435 -1417.232310 4209.773050 

AL 

  

  AWL -33.3592593 878.5738344 1.000 -2846.861939 2780.143421 

AL -451.8259259 878.5738344 .953 -3265.328606 2361.676754 

RF 944.4444445 878.5738344 .713 -1869.058236 3757.947125 

ST 

  

  AWL -485.1851852 878.5738344 .943 -3298.687865 2328.317495 

AL -1396.2703703 878.5738344 .435 -4209.773050 1417.232310 

ST -944.4444445 878.5738344 .713 -3757.947125 1869.058236 

RF 

  

  AWL -1429.6296296 878.5738344 .417 -4243.132310 1383.873050 

AL 33.3592593 878.5738344 1.000 -2780.143421 2846.861939 

ST 485.1851852 878.5738344 .943 -2328.317495 3298.687865 

AWL 

  

  RF 1429.6296296 878.5738344 .417 -1383.873050 4243.132310 

 Note: AL=Agricultural Land, ST=Settlement, RF=Riverine Forest, AWL=Acacia wood lands 
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Appendix 3: The mean number of coppices per stool or root in each land use/land cover 

types 

  land use/land 

cover types   N 

Minimu

m 

Maximu

m Mean 

Std. 

Deviation 

   Statistic Statistic Statistic Statistic Std. Error Statistic 

AL NC(count) 105 1.00000 9.00000 4.4761905 .18902838 1.9369645  

ST NC(count) 80 1.00000 15.0000  4.3500000 .40138211 3.5900706  

RF NC(count) 44 1.00000 5.00000 2.1136364 .15324506 1.0165127  

AWL NC(count) 89 2.00000 13.0000  5.3820225 .26524297 2.5022972  

Total NC(count) 318 1.00000 15.0000  4.3710692 .15171231 2.7054180  

Note: AL=Agricultural Land, ST=Settlement, RF=Riverine Forest, AWL=Acacia wood lands    

  Appendix 4:   Density of P. juliflora in different land uses  

Land 

use Mean 

  

stools/roots 

  NC 

total number of 

coppices/ha  

AL 105 4.48 1740 

ST 80 4.35 1288 

RF 44 2.11 344 

AWL 89 5.38 1774 

Total 318  5146 

Note: AL=Agricultural Land, ST=Settlement, RF=Riverine Forest, AWL=Acacia wood land,              

NC=Number of coppices 
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Appendix 5: The mean economic value comparison of P. juliflora between highly and less    

invaded areas 

 

    
Sum of 
Squares df Mean Square F Sig. 

 Average 
benefit 

Between 
Groups 100265323 1 100265323 62.83 0.001 

  Within 
Groups 6382884.262 4 1595721.066     

  Total 106648207.3 5       

Average 
cost 

Between 
Groups 13995341.24 1 13995341.24 0.339 0.592 

  Within 
Groups 165030855.2 4 41257713.8     

  Total 179026196.4 5       
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 Name----------------------------Age----------sex---------------------------------------------------  

Survey area-----------------Region----------------------Zone--------------------Woreda ----------------
Village-----------------Date of interview---------------Occupation of the respondent------------------- 

 I. General information about the respondents. 

1. For how long did you live in this area (locality)? (Year)_________________ 

2. What is your job?    1. Mixed farming 2. Pastoralist 3.Daily Labourer 4.Agro-Pstoralists 

                                   5.    Government employee 6. Developmental agriculturalist 

 II.    Biophysical and socioeconomic information of P. juliflora  

3. Do you know P. juliflora? What type of plant is it? When did you know this plant (year)? 

4. Where did first it appear? 

          1 .In range land 2 .Crop land 3. Irrigated land   4.other (specify) 

5. Who introduced in this area first? 

         1. Mechanized farmers 2. Local farmers 3. Agriculture research center 4.  Foreigner 5.other 

 6. Does the plant invade crop lands and range lands? 1. Yes 2.No 

7. Does P. juliflora decrease the size of range lands and crop lands? 1. Yes 2.No 

8. What are the negative impacts of invading of range land by P. juliflora? 

          1. Decrease the number of cattle, camels, goats, etc 2. Decrease the availability of grasses 

         3. Other (specify)  

9. Have you ever tried to control invasion of P. juliflora? 

        1. Yes --------go to question No.10      2.No  

10.  Which mechanism did you apply to control? 

      1. Mechanical   2. Chemical   3. Fire and grazing   4. Biological     5.other (specify) 

11. Have you ever been made your farm cleared from P. juliflora by others?  

12. How much you paid for a hectare of land?  

 13 How the plant disseminated form one area to the other? 

    1. Through cattle or animals       2. Through human activities 3. Through water run off 

     4. Through wild animals   5. Others (specify) 



 

Page 79 

 

14. Does P. juliflora have ecological importance? 

     1. Yes ----go to question No. 15      2.No     

15. What is its Ecological importance? 

     1. Control soil erosion   2. Combat desertification 

     3. use as shade tree 4. Used as wind break 

     5. Other (specify) 

16. Is P. juliflora important?  1. Yes    2. No 

17.  What are the economic advantages of the plant? 

        1. Fire wood/ charcoal   2. Construction 3. Forage for animals 4. Fencing 5. Other (specify) 

18. What are the main causes of the utilization of the plant by the society? 

1. Lack of fire wood 2. Lack of construction wood   3.To generate income   4. Lack of 
fodder for animals    5.Other (specify) 

19. Does P. juliflora have disadvantages?       1. Yes       2.No 

20. What are its disadvantages?    1. Invade new areas      2. Prevent movement of animals 

    3. Poisoning animals   4. Formation of impenetrable thickets    5. Other (specify) 

 21. Which part of P. juliflora palatable by animals? 

     1. Leaves     2.Pods      3.Barks    4.Flowers   5.Other parts 

22. Do the palatable parts kill animals?      1. Yes    2.No 

23. What are these negative effects? 

      1. Killing the animal   2.Poison animals    3.Injuring animals   4.Other (specify) 

24. Which animals mostly affected by the plant? 

     1. Cattle     2. Goats/sheep    3. Camels   4. Wild animals   5. Others (specify) 

25. How many cattle, camels, goats, and sheep died due to browsing P. juliflora for the last 
three years (2004-2007) respectively?  

26. What symptoms do animals show before they died due to feeding of P. juliflora pods? 

27. How much was the average market price of one healthy camel, cow, ox, goat, and sheep for 
the last three years (2004-2007)? 
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28. Have you ever been planting P. juliflora? Why?  

29. Which agent disseminates the seeds of P. juliflora? 

     1. Human beings 2. Animals (domestic and wild)  3. Water   4. Others (specify) 

30. In which area the plants grow densely? 

     1. Range lands 2. Around villages 3. Around crop lands 4. Around mechanized farming  

      5. Other (specify)                          

31. Have you ever been tried to control the spread of the plant?  1. Yes   2. No 

32. Which mechanisms you used?  

      1. Removing by hand    2.fire    3. Using bulldozers 

      4. Using chemicals   5. Biological method   6.Collecting pods and charcoal making 7.Others 
(specify) 

33. Do you want the plant to be completely removed? Why? 

 34. What is you perception about the plant? 

    1. It is disadvantageous    2. It is economical and useful 

     3. It is neither disadvantageous nor economical 

     4. Other (specify) 

35. Was the spread of P. juliflora increasing from time to time? 1. Yes    2. No 

36. If the invasions of the plant continue at this rate, what will happen in the next 10 years? 

   1. All the crop lands and range lands will be invaded by the plant 

   2. We lost all our animals  

  3. We displaced totally from our village  

  4. We will get chance for firewood/charcoal  

  5. We will be better off than today  

  6. Other (specify) 

37. Does P. juliflora have traditional medicinal value?     1. Yes      2. No 

38. What medicinal value do you get form it? 

      1. To cure injury    2 .To cure eye infection 3. To cure digestive disturbances 
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      4. To treat sexual transmitted disease   5. Other (specify)    

39. Have you ever been made charcoal from P. juliflora?   1. Yes      2.No 

 40. How many sacks of charcoal do you produced per month? How much you sold it?  

 41. Do you use the plant for fire wood?  1. Yes     2.No     

42. How many backload do you collect per week? Did you sell it or use for home? 

 43. If you sold it, how much is one back load of P. juliflora wood costs? 

44. Have you ever been collected P. juliflora pod? Why? 

45. How many Kg of P. juliflora pod did you collect per month? 

46. How much you sold a Kg of P. juliflora pod?  

47.  What measures should be taken so as to control the spread of P. juliflora by the society? 

         1. Creating awareness      2. Formulating traditional laws 

          3.  Utilize the plant properly and effectively  

         4. Other (list) 

48. Do you observe any vegetation cover change in this area?      1. Yes    2.No  

49. Which land cover was converted in the last 10 years? 

   1. Acacia woodland to P. juliflora   2. Grass land to P. juliflora 

   3. Bare land with P. juliflora   4. Prosopis with other tree types 

   5. Other changes (specify)  

  

50. Are there wild animals living under the canopy of P. juliflora?        1.  Yes       2. No 

51. Are there plants that can grow under the canopy of P. juliflora?        1. Ye        2 No  

52. If yes, what type of plants can grow under the canopy of P. juliflora?    

        1) Perennial plants      2) Annual plants  

53. P. juliflora should be eradicated completely from this area.   1. Agree        2. Disagree 

54.  P. juliflora is very important for the livelihood of the society in this area.  1. Agree   2. 
Disagree  

55. P. juliflora decrease soil erosion.  1. Agree        2. Disagree 
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56. P. juliflora is good source of fire wood and charcoal.   1. Agree     2. Disagree 

57. The disadvantage of the plant is much greater than its advantage.  1. Agree      2. Disagree 

58. The plant has advantages and disadvantages for the local people in this area.  

          1.   Agree             2. Disagree                               

 

 Appendix 7:Woreda Agricultural experts survey questionnaire 

  Survey area----------------Region--------------Zone----------------Woreda------------Village----------  

  Date of interview-------------------------Occupation of the respondent-------------------------- 

I. General information about the respondents. 

1. For how long did you live in thisWoreda? (Year)_________________ 

 2.  What is your field of specialization? ----------------------- 

 3. What is your educational level? -------------------------- 

   II. Biophysical and socioeconomic information of P. juliflora 

1 In which land use was it appears first? ---------------------------------------- 

2. Was there P. juliflora 

Years In farm village woreda In the neighboring woreda 

2 years ago     

5 years ago     

10 years ago     

15 years ago     

20 years ago      

25 years ago      

 

3. Which land use is know more affected by P. juliflora? 

4. What are the main agents that distribute the plant to different localities and woredas? 

         a)human  b) animals  c)flooding  c)self dispersal  d)farming  e)other (specify) 
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5. Where P. juliflora densely found and is invading? 

    a)crop lands   b)wood lands  c)  irrigation lands  d)at the bank of  water bodies     d)grazing 
lands  e) other   (specify) 

6. Did you observe any impacts of the plant on crop productivity?         a) Yes                 b) no  

7. Does it decrease the productivity of crops?     a) Yes                     b) no 

8. What type of impacts does P. juliflora cause in agriculture in general? 

   a) Decrease productivity    b) decrease grazing lands   c) hampers farming   d) injure & kill 
animals   e) decrease plant diversity    f) other (specify) 

9. What type of ecological impact has the plant? 

     a) Reduce wind speed b) decrease biodiversity c) improve the climate d) reduce soil erosion   
e) other (specify) 

10. What major impacts does P. juliflora cause on the society of theWoreda? 

a) Increase poverty   b) decrease poverty c) displace the society from their village 

d) Cause disease on the society e) other (specify) 

11. What controlling measures were implemented to reduce its invasion? 

a) Mechanical method   b) chemical method     c) fire and grazing     d) biological method 

e) Thinning &pruning       f) other methods (specify) 

12. What will happen in theWoreda in the next 5-10 years if no controlling measures on the plant 
take place? 

a) The society will displaced from their village  b) pastoralists will change their livelihood       c) 
income of the society will increase  d) theWoreda will totally invaded by this plant   e) others 
(please specify)   

13. Are there records on the health of the society? Can you mention? 

14. Do you support the eradication of P. juliflora from theWoreda? Why? 

15. Which group of society more affected negatively by plant? 

   a) Pastoralists    b) farmers c) urban society   d) rural society    e) others (specify)  

16. What comments do you have about the distribution of P. juliflora? 

17. Could you give general comments on the impact of the plant on the society?   

 18.  List the advantages and disadvantages of   P. juliflora. 
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      a).Advantage--------------------------------------------------------------------------  

      b).Disadvantage----------------------------------------------------------------------                                         

19. Finally, as an expert what measures should be taken to control the plant? ------------------------
---------------------------------------------------------------------------------------------------    
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ABSTRACT 

  This study was carried out to map and quantify the distribution of Prosopis juliflora and 

analyses some impacts of the plant on the society. Moreover, it compares the land use land 

cover changes, determining the rate of invasion and the vegetation characteristics of the plant 

in different land use land cover types.   

To map the land use/land cover changes Landsat TM 1986 and Landsat ETM+ 2001 images 

with supervised and unsupervised classification technique was implemented. Vegetation data 

were collected with systematic stratification followed by random sampling technique of the 

study area with quantitative measurements of the plant. Furthermore, semi-structured 

questionnaire was also used to collect data about socio-economic impacts of the plant.  

The study revealed that P. juliflora covered 5.45% of the land in the study area in 1986 and 

had increased to 6.75% in 2001. The highest land cover change has been observed on 

agricultural lands with an increase of 8.9% next to the dense Acacia woodlands with decrease 

of 15.7% of the study area. P. juliflora has shown highest invasion in Acacia woodland and 

least invasion around the settlements. The rate of invasion of P. juliflora was 0.081% per year. 

The highest mean number of coppices was 5.38 + 0.27(SE) in Acacia woodlands and the least 

was 2.11+ 0.15(SE) in riverine forest.  The highest density was 1774 coppices/ha Acacia 

woodlands and least in riverine forests (344 coppices/ha). 

The socio-economic study revealed that P. juliflora has both advantages and disadvantages. 

The local people benefited from the plant in charcoal making, firewood collection and pods 

collection. The plant has also been used as shade tree around the village, control soil erosion 

(71% of the respondents), shelter for wild life (76% of the respondents), reclaimed degraded 

lands (18 % of the respondent) and decrease desertification (54% of the respondents). On the 

other hand, the local people lose a great deal of money due to loss of livestock and cost of 

management of the plant. Moreover, the plant decreased the size of range lands, woodlands and 
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farmlands, decreased crop productivity and suppressed the growth of grasses under its canopy. 

About 76% of the total respondents highly recommend for its complete removal from the area 

while the rest did not support this.  

 The study indicates that the disadvantages of the plant out weigh the advantages at the current 

situation owing to improper managements and utilization of the plant in the study area. Hence, 

proper and efficient utilization of the plant products could be the best option to control further 

invasion of new valuable lands with P. juliflora. 

Key words: P. juliflora, Land use/land cover, socio economic impact, ecological distribution   

 

 

 




