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Abstract: Prosopis juliflora is one of the most popular damaging foreign species that are invasive harming the environment
and the economy in arid and semi-arid environments. It is threatening pastoral and agro-pastoral livelihoods in particular as it
spreads quickly through rangelands, croplands, and forests. Parts of national parks and wildlife refuges have been invaded by
Prosopis, endangering biodiversity. Its quick spread throughout the environment is encouraged by several factors. Among the
key factors are its adaptability to a wide range of climatic conditions, efficient mechanism for dispersal, allelopathic effect,
prolific nature, presence of a significant in the soil ecosystem, there is a seed bank., and quick and strong coppicing abilities.
Prosopis can have negative crop yield, animal and human health consequences, and the composition and diversity of plant
species. The tree has potential uses for fuel, charcoal, fodder, food, bio-char, bio-control, windbreaks, shade, building and
furniture materials, and soil stabilization, despite its drawbacks. Through carbon sequestration, it can also be used to treat
various diseases and improve environmental conditions. On the other hand, effective control methods and management of this
weed have been identified as manual, mechanical, chemical, biological, and utilization control methods. To get them under
control, it is urgent to create management plans that are both economically and environmentally sound. Therefore, this review's
goal was to investigate Prosopis' distribution, effects, advantages, and potential management strategies.
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areas of Eastern Africa [6]. Since then, the Afar and Somali
Regions in the country's east and southeast, as well as the
region around Dire Dawa city, have been the most negatively
impacted areas in terms of coverage. In the primarily dry
lands of Central, East, and North Ethiopia, Amhara, Oromia,
Southern Nations Nationalities and Peoples (SNNP), and
Tigray Regions are also moderately affected [7]. Worst of all,
it has a negative impact on the ecosystem, causing
impenetrable shrubby thickets, invading waterways, reducing
the water table, depriving plants of moisture and nutrients
from other species, and generating "green deserts" that are
basically lifeless rather than achieving the intended goal [8].
Due to P. juliflora's invasive nature, its rapid spread is
seen as a serious threat, especially to pastoralists' ability to
survive in the environment. It can invade pasturelands,
irrigated agricultural land, and irrigation canals, ultimately
leading to the irreversible eradication of native tree species
and natural pasture grasses [9]. A few of its negative effects

1. Introduction

An evergreen, quick-growing mimosa tree or shrub is
called Prosopis juliflora L. that is a native of the Caribbean,
South America, and Mexico, is one of a worst woody
invasive tree/shrub in the world [1, 2]. At maturity, the plants
grow to a height of 12 meters and a trunk diameter of 1.2
meters, forming impenetrable spiny thickets [1]. P. juliflora
has recently emerged as the Ethiopia, Kenya, and the
remainder of eastern Africa's pastoral and agro-pastoral
communities are plagued by the worst weed [3, 4]. P.
juliflora has been identified as FEthiopia's top-priority
invasive weed by EIAR and other governmental and non-
governmental entities [5].

According to the available evidence, some international
development organizations intentionally introduced P.
juliflora back in the early 1980s to Ethiopia to combat the
problem of desertification in overgrazed arid and semi-arid
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include disrupting the ecology by displacing beneficial native
species, expanding onto roads, villages, homes, water sources,
crops, and pastureland, wounds brought on by thorns that
harmed animal and human health, and several human
fatalities [3, 4]. P. juliflora invasions have the potential to
drastically degrade rangeland quality and forage grass
productivity. Because of soil erosion and decreased livestock
productivity, pastoralists now have access to a smaller
number of lower-quality rangeland areas [10-12]. Important
forage plants are outcompeted by P. julifora, which lowers
long-term forage availability and, consequently, the
sustainability and quality of livestock production [13].

P. juliflora invasions produce positive environmental,
social, and economic effects despite their negative effects
[14]. This has resulted in contentious issues with the genus
[15, 16]. Some proponents tout it as a "wonder plant," while
others demand its eradication or weigh its advantages and
disadvantages, as in the phrase "Boon or bane" [17]. Yibekal,
A. T. [18] reviewed the Ecological and Economic
Dimensions of the Contradictory Invasive Species P. juliflora
and Policy Challenges in Ethiopia. He pointed out that there
hasn't been a clear strategy or policy for managing P.
juliflora or invasive species in general. P. juliflora is
identified as a severe danger to biodiversity and the financial
health of society in plans such as Ethiopia's Environmental
Policy (EPE), the Biodiversity Strategy and Action Plan
(NBSAP), and the country's Forest Resource Strategy [19].
Despite these plans, the P. juliflora tree was recommended as
a potential tree to combat desertification in the country's
National Action [20, 21] highlighting the current policy
conundrum regarding P. juliflora.

The possibilities for a productive discussion between
various parties are restricted by divergent perspectives,
conflicting perceptions, and unclear policies. This is made
worse by difficulties distinguishing between morphologically
similar species, as well as by a general lack of information
about the spread, scope of the invasion, benefits, effects, and
effective control strategies. Prior to suggesting detailed
management recommendations for the species in Ethiopia, it
was important to present a summary of P. juliflora in this
essay. This review could aid in managing management
priorities, enhance comprehension of other classes of woody
invasive species, and offer direction [22, 23]. In order to
better understand P. juliflora, this review will look at its
prevalence, probable distribution, negative impacts, and
effective preventative methods.

1.1. General Objective

Reviewing the prevalence, consequences, and available
controls for Prosopis juliflora in Ethiopia.

1.2. Specific Objectives

1) To examine Prosopis juliflora's distribution in Ethiopia.

2) To examine Prosopis juliflora's effects in Ethiopia.

3) To review the Prosopis juliflora's control options that
are available in Ethiopia.

1.3. Material and Method

Secondary data were used to prepare this manuscript. Data
were collected by the use of google scholar and google. com.
This manuscript was abstracted from different published
papers and books.

2. Prosopis juliflora
2.1. Prosopis juliflora Ecological Distribution

P. juliflora is a shrub that is indigenous to the Caribbean,
South America, and Mexico [1]. It is a type of evergreen
shrub that develops quickly after germination and has a deep
root system that has ability to grow up to 40 cm in just two
months [24]. This feature of P. juliflora aids in its ability to
spread to new areas. Among the nations where it has spread
as an invasive weed are Ethiopia, Kenya, Sudan, Eritrea, Iraq,
Pakistan, India, Australia, South Africa, the Caribbean, the
Atlantic Islands, Bolivia, Brazil, the Dominican Republic, El
Salvador, Nicaragua, the United States (USA), and Uruguay
[25-27]. In Asia, Australia, and other places, it has
established itself as a weed.

To restore degraded soils, provide firewood and fodder,
and combat desertification, governments, and international
development organizations jointly introduced P. juliflora to
Ethiopia in the late 1970s [1, 28]. However, the species
quickly spread into new areas where it was neither expected
nor wanted and naturalized when it was first observed in Dire
Dawa at the Goro Nursery site, it was probably introduced
from India [29]. According to [30] P. juliflora currently
covers around one million hectares in Ethiopia, including
roughly 700,000 ha in the Afar Region [13]. The Afar and
Somali Regions in the east and southeast of the nation, as
well as the region around Dire Dawa City, are the regions
that have been most negatively impacted nationwide in terms
of coverage. In the primarily arid lands of Central, East, and
North Ethiopia, there are also mildly affected parts in the
Ambhara, Oromia, Southern Nations Nationalities and Peoples
(SNNP), and Tigray Regions [7].

According to Rezene et al, [31] P. juliflora has a
significant impact on crop productivity in diverse farmlands
and rangeland locations throughout the national regional
states of Gambella, Oromia, Afar, Amhara, and Somalia.
Additionally, the East Shewa zone's Fantale district, followed
by the Boset and Adama districts, is said to have the highest
concentration of P. juliflora [32]. However, there was no
infestation found in the West Arsi zone. Only a few young P.
juliflora plants, which were specifically planted for shade,
were seen in the towns of Wonji and Awash Melkasa. The
Sodare (attractive recreational area for tourists) in the Adama
district was heavily infested with P. juliflora trees [32].
According to [33] the management of P. juliflora weed in the
around of Arba Minch and Nyangtom districts is urgently
needed before it spreads to the diverse plant-home Nech Sar
and Mago National Park. Yohannes, Z. A. [34] reported that
P. juliflora is spreading quickly even in Ethiopia's highlands,
where it had not previously been reported.
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According to Berhanu, L., and Nejib, M [33] research, P.
juliflora was discovered along the main road and on both
sides of the road in the Gamo Gofa, Segen Area People, and
South Omo zones. It extended to non-infected Districts such
as Gamo Gofa Zone's Arba Minch and Abaya Districts and
was not restricted to afflicted Districts [35]. In addition, it
can be found in various places in the Wabi Shabelle basin,
the Borena Range lands, the Dollo Odo, and the Liben Zone
in southern Tigrai, as well as the Raya Azebo plains and
going down the escarpments of Alamata in northern North
Welo. It is also prevalent in Dire Dawa city [31]. In the
Middle and Upper Awash Basin and Eastern Hararge, P.
juliflora is ruthlessly encroaching on pastoral areas [36]. It
also permeates Arba Minch town and the surrounding areas,
is widespread in Liben, is present in some areas of the South
Omo Valley, and crosses Kenyan boundaries [31].

P. juliflora is exceptionally drought resistant, owing to its
deep taproot, which adds to its invasiveness [37, 38]. The
species can thrive in a variety of environments, including
dunes, clay soils, saline, and alkaline soils, elevations
between 200 and 1500 m above sea level, and annual rainfall
ranges from 50 to 1500 mm [39, 40]. Additionally, it can
withstand and endure temperatures of up to 50°C for the air
and 70°C for the soil [39]. In many newly introduced regions,
interspecific hybridization also increases invasiveness [41]. P.
juliflora’s adaptability and spread across a variety of
agroecosystems, includes wetlands, dry lands, and
agricultural regions with irrigation, are supported by these
functional characteristics, among others [42].

Many P. juliflora species produce large quantities of seeds
that are viable for decades, grow quickly, can be coppiced
after being damaged, have efficient dispersal mechanisms [42,
43] and have adaptable root systems (to depths of more than
50 m) that enable them to efficiently exploit both surface and
groundwater [44, 45]. As long as the plant has access to
enough water, pod production is almost constant. Both
domestic and wild animals enjoy dry pods. The majority of
herbivorous animals, which are the primary means of
dispersal, can easily digest seeds because they are hard,
smooth, and porous. Furthermore, its seeds enter the soil via
animal feces, travel through the digestive tracts of animals
that devour the pods, and form a seed bank ready to
germinate when the conditions are favorable [1, 42]. Such
seed banks are often difficult to manage and can survive
longer than the lives of the individual organisms [46].

Shiferaw et al, [42] found a kilogram of seed contained 36,
000-37, 000 seeds in the Awash Rift Valley region of
northeastern Ethiopia, compared to up to 760 seeds and 2833
seeds, respectively, in a kilogram of goat or calf droppings.
As long as the plant has access to enough water, pod
production is almost constant. Seeds may remain dormant in
the soil for an extended period of time before proper
conditions are restored. In Awash, the litter layer and the
bottom 9 cm of the soil had a total mean soil seed density of
1932 seeds/m’. In goat droppings, almost 37% of the seeds
were still alive [42]. As a result, many germinate, and growth
is quick thanks to the animal dung.

Other elements that aid in its invasion include a high
capacity for coppicing and a strong dispersal system. After
being burned or trimmed, the plants vigorously re-sprout, and
within two to three months, they have once again formed a
thicket. Livestock, camels, and goats all contribute
significantly to the dispersal of P. juliflora seeds via their
excrement [42]. These animals transport the seeds to various
locations. The distribution of seeds to various regions is also
greatly aided by rivers and waterways. P. juliflora has a
strong invasion pattern in wetlands, along highways, and in
irrigation canals. This shows that P. juliflora may grow well
in both sites with surface runoff water for seed dispersal and
locations with access to water. This may possibly be the
cause of P. juliflora's invasion over the majority of the region
along the Awash River in the rift valley.

The species has impacts on other plant species that are
allelopathic and allelochemical in addition to the
aforementioned traits [47, 48]. Under the P. juliflora canopy,
the number of annual plants substantially decreased [48].
Under field conditions, the plant has little to no self-
allelopathic (auto-inhibitory) action [49]. This process, when
combined with dry circumstances, can prevent competition
from existing between species. P. juliflora maintains its
capacity to suffocate other plants and prevent seedlings from
germination beneath it as it grows [37, 50]. P. juliflora can
quickly establish a plant-only presence on bare land. It has
been discovered that cyanogenic glycoside is harmful to
animals like cattle [51]. The sharp thorns and unappealing
leaves deter most animals from browsing the plant itself, this,
in turn, relieves pressure on the species and promotes its
expansion.

Table 1. Rate of Invasion from different LU/LC between 1986 and 2001 (ha).

LU/LC list Total area invaded Invasion rate per year
Rangeland 1.1 0.1

Open bushland 728.7 48.6

Acacia woodland 4343 29.0

Bare land 138.1 9.2

Water 0.2 0.0

Cultivated land* 1444.8 96.3

Shrub land* 882.0 58.8

*= land-use/land cover that showed the highest invasion rate in extent

Source: [52] Spatial and Temporal Analysis of Prosopis juliflora (Swarz) DC
Invasion in Amibara Woreda of the Afar NRS (Doctoral dissertation, MSc
Thesis, AAU. Retrieved from http:/etd. aau. edu. et’/handle/123456789/786).

During the dry season, these animals consume P. juliflora
pods along with other nearby kinds of forage. According to [53]
the number of seeds recovered from 1 kg of droppings
following consumptive excretion by cattle, camels, goats, and
donkeys ranged between 760 and 2833, which could be a
source of the infestation and a means of diffusion for other
land-use/land cover. From November to the end of January,
these animals traveled to cotton fields to consume cotton
residue in the study region, particularly in the state farm area
around Melka Werer and Melka Sedi in the western and
central part of the study area in the Awash River basin. The
aforementioned fact may have been more of a motivating
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factor for P. juliflora’s dynamic proliferation in the cultivated
land than any other land use or land cover in the research area.
Above all, earlier research showed that P. juliflora
possesses a variety of biological traits that facilitate its quick
spread to new locations. According to [53] the development
of many little, hard seeds capable of surviving passage
through animal digestive systems, penetrating the soil to
create soil seed banks, and remaining viable until there are
favorable conditions for germination; enticing and rewarding
pods for animals, contains juicy and delicious mesocarp for
long-distance dissemination; accumulation of dormant but
long-lived viable seed reserves to serve as a source of
regeneration generation of a variety of seeds, only a few of
which germinate soon after dispersal while others remain
inactive; this makes it a formidable rival invader when paired
with its reproduction through sexual means All of these
features combine to make Prosopis a potent noxious invader.

Table 2. Rate of Invasion from different LU/LC between 2001 and 2007 (ha).

LU\LC list Total area invaded Rate of invasion per year
Rangeland 579.1 38.6

Open bushland 1731.6 115.4

Acacia woodland* 1888.2 125.9

Bare land 1551.7 103.4

Water 354 2.4

Cultivated land 1649.5 110.0

Shrub land* 2741.7 182.8

*= land-use/land cover that showed the highest invasion rate in extent

Source: [52] Spatial and Temporal Analysis of Prosopis juliflora (Swarz) DC
Invasion in Amibara Woreda of the Afar NRS (Doctoral dissertation, MSc
Thesis, AAU. Retrieved from http://etd. aau. edu. et/handle/123456789/786).

The dynamics of land use/land cover revealed that the
shrub land was the most affected by P. juliflora invasion
during the research period. This could be attributed to
animals moving from one land use to another after feeding on
P. juliflora pods. Shrub land, together with native trees
present in open bushland and Acacia woodland, has been
identified as the most likely foraging environment for camels
in this Woreda [52].

Table 3. Total LU/LC in Amibara Changed to Invaded land (ha), 1986-2001.

Status Area (ha) Area (%)
Changed to invaded 3,629.2 1.1
Unchanged 342,822 98.8

Table 4. Total LU/LC in Amibara Changed to Invaded land (ha), 2001-2007.

Status Area (ha) Area (%)
Changed to invade 11,578.7 3.4
Unchanged 328,621 96.6

Source: [52] Spatial and Temporal Analysis of Prosopis juliflora (Swarz) DC
Invasion in Amibara Woreda of the Afar NRS (Doctoral dissertation, MSc
Thesis, AAU. Retrieved from http://etd. aau. edu. et/handle/123456789/786).

2.2. Impacts on Plant Biodiversity

Many findings have found that the loss of biodiversity
caused by the invasion of P. juliflora is massive in all over
the globe [50, 54, 55]. P. juliflora can inhibit grass growth

and biodiversity by delaying seed germination and lowering
plant growth in terms of roots, shoots, leaf area, stem
diameter, and plant height [32]. By taking into account both
resources and the natural environment, it also reduces
biodiversity [32]. According to [56] from Ethiopia's
Allideghi Grassland, the P. juliflora seed occupies new
surroundings and frequently replaces native plant species,
causing major biodiversity harm. In India, it is estimated that
P. juliflora reduces species richness by 63 percent as
compared to open fields [57]. Kahi, H., and Ngugi, R. [58]
discovered that the cover of understory herbaceous plant
species was 27 percent lower in plots invaded by P. juliflora
than in open regions. According to [59] an increase in P.
juliflora invasion causes a rapid loss in the abundance and
diversity of species in the ecosystem. Similarly, the species
lowered overall biodiversity in arid and semiarid locations by
decreasing abundance and spread, and, more importantly, by
shifting the ecosystem function from rangeland to P. juliflora
thicket [1].

Prosopis juliflora has harmed local farmlands and
pasturelands. It acts as a physical barrier to seedlings of other
plant species, making establishment extremely difficult.
Because its branches are many, dense, and have evergreen
leaves, sunlight does not reach the ground, and plants under
the canopy of P. juliflora do not receive adequate sunlight for
photosynthesis. Plants under the canopy of Prosopis juliflora
may die as a result of this [16].

Chaturvedi et al [60] indicated the water use efficiency of
P. juliflora to be 710 kg H,O/ kg dry matter. With other
species, 345 kg H,O/ kg dry matter was estimated for P.
chilensis [61]. This high level of water use efficiency is
related to the high evaporation rate of their leaves. This
makes the water table lower and unable to be reached by the
roots of native plant species and results in the displacement
of the native species with P. juliflora takes place.

P. juliflora also produces allelochemical chemicals in the
soil, which may alter the native species' physiology and
mutualistic relationships [16, 62]. This could help P. juliflora
outcompete native plant species.

2.2.1. Shade Impacts of Prosopis juliflora on Native Plant
Species
Under a canopy of non-indigenous invaders, the number of
seedlings of native species has been reduced [63]. This is
because more open stands are being converted to closed-
canopy systems, which are accompanied by low light,
increased humidity, lower temperatures, and other
environmental and biological changes [64]. This climatic
adjustment reduces the area's population size and species
composition.

2.2.2. Allelopathic Effects of Prosopis juliflora

Depending on the dose and the organism impacted,
Allelopathic outcomes can take both forms beneficial and
negative. Allelopathy refers to the active and passive impacts
of substances discharged into the environment on other
species. It is the biochemical change of the donor's (P.
juliflora) environment to improve its survival and
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reproduction [67]. The chemicals released suppress (rarely
encourage) the germination and growth of nearby plants.
Aside from that, they impede nutrient absorption and dry
matter accumulation in target species shoots and roots [67].

Allelochemicals disrupt many different cellular processes
in target organisms, including membrane permeability [68]
ion uptake [69] photosynthesis and the respiratory chain [70]
enzymatic activity [71] and cell division inhibition [72].

P. juliflora leaves contain a variety of compounds,
including tannins, flavonoids, steroids, hydrocarbons, waxes,
and alkaloids [16]. These are recognized to alter cattle
palatability, but they also affect the germination and growth
of P. juliflora, crops, weeds, and other trees [16]. These
substances have a direct impact on plant germination and
growth. The plant growth inhibitory alkaloids 3'-oxo-
juliprosopine and secojuliprosopine were identified from P.
Jjuliflora leaf extract [73].

In general, the longer the two species coexisted, the less
allelopathy affected their interaction. New species
compositions, rapid successional changes, and foreign
species introduced can all have a significant allelopathic
influence [65].

Allelopathic chemicals can be released or evacuated from
a tree by a variety of mechanisms, including evaporation into
the air or from the soil surface, erosion or leaching from the
tree surface, exudates from roots, and release from decaying
dead organic materials. Allelochemicals can be found in high
amounts in seeds, fruits, buds, and pollen. These defensive
materials can protect reproductive resources from harm and
degradation. Allelopathic substances can be produced and
concentrated by leaves, buds, and phloem tissues to reduce
harm and consumption. Allelopathic materials can help you
live longer in a harsh environment [67].

Species with high allelopathic interference components
frequently change the surrounding soils enough to act as a
shield against other allelopathic species. Some allelopathic
species coexist because each successfully controls its
influence on the environment while protecting itself from the
allelopathic components of others. Environments with high
levels of allelopathic interference are stressful for both
conveyors (allelopathic plants) and receivers (native plants)
[66]. Water stress may have boosted allelopathic chemical
production in trees, and chemical exudation may have risen
due to increased root surface area. It is one component of the
entire stress that trees must undergo to thrive.

2.2.3. Impacts on Human and Animal Health

According to significant research, P. juliflora is known to
physically harm humans and animals, sometimes fatally [3,
4]. The most important impact of P. juliflora on human
health is caused by its thorns, which cause itching, sores on
hands and legs, lameness, and possibly the need for
amputation of hands and legs due to infection. Its thorns may
result in blindness and eye injury [74]. Greater inflammation
results from P. juliflora thorn piercing an animal's eye or skin
than would be anticipated from the physical harm. A wound
caused by a thorn from this species does not heal rapidly,

even with thorough medical care. Wax products could irritate
[75]. The P. juliflora's thorns have caused serious injuries to
the residents, who are angry at the plant's quick colonization
of the area. Kids that eat P. juliflora pods experience
impaction and constipation [76].

Burning wood in a fireplace can potentially cause
dermatitis [77]. People are also being sprayed by lions and
hyenas that nest and hide in the P. juliflora thicket, which has
been related to an increase in malaria infections in the
invaded areas [1, 3, 76].

Losses due to lack of access to water, disease, and death of
livestock as a result of ingesting P. juliflora pods and being
pierced by the sharp and sturdy thorns are just a few of the
negative effects. Other negative effects include the complete
loss of pasture and rangelands for both domestic and wild
ruminants. Despite the fact that Prosopis seed pods are edible
for livestock, it is believed that goats, cattle, and camels are
hazardous due to the chemical content. Sheep and goats can
perish from a high-pod diet because it permanently damages
their capacity to digest cellulose [77, 78]. Due to the high
tannin content, cattle can die if they consume large amounts
of P. juliflora leaves over an extended period of time [36].
According to [74] thorns can kill cattle, camels, and donkeys
by infecting their eyes and hooves. Berhanu, A., and Tesfaye,
G. [1] discovered that long-term ingestion of the pod results
in the mortality of cattle. Stomach poisoning by the pod may
result in a lifelong impairment of the ability to digest
cellulose, possibly due to the pod's high sugar content, which
depresses rumen bacterial cellulose activity and eventually
kills the animal [1]. Additionally, it has been noted that
excessive seed accumulation after feeding results in the death
of goats and camels [79]. Because of this, care should be
used while giving the pods to domestic animals.

P. juliflora causes camels to become ill, and eating its
thick seed pods causes cow teeth to fall out, reducing their
ability to graze. Camel intake of P. juliflora leaves causes
flatulence, diarrhea, and even constipation, while the thorns
of P. juliflora are harmful to animals [80]. Furthermore, P.
juliflora invasion raised health risks due to increased predator
exposure, limited access to water supplies, and the
emergence of novel lethal animal diseases such as
"Harmaku" produced by cytotoxins destroying the neurons of
inebriated animals [81].

2.2.4. Agricultural and Pasture Production Effects

Rangeland regions have been damaged and forage grass
productivity has significantly diminished as a result of the
potentially severe P. juliflora invasion [10, 11] In areas
where it has spread, it has destroyed natural pasture, uprooted
indigenous trees, and left pastoralists with fewer and poorer
quality rangeland locations [12]. The abundance of
fodder/feed on grazing grounds is negatively correlated with
the growth in P. juliflora invasion, according to [32, 82].
Research indicates that encroached grazing grounds reduce
herbage productivity [83-84].

The invasion of P. juliflora rangelands resulted in a lack of
grazing land for animals, resulting in a significant fall in
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livestock numbers and output [74]. P. juliflora is a
particularly aggressive invader that has turned grasslands into
woodlands and forests. It causes the extinction of both
domestic and wild ruminants by displacing natural vegetation
and taking over rangelands [85]. It is mostly because to
decreased carrying capacity of the land P. juliflora trees
displace attractive grasses that we're unable to compete for
light, nutrients, and water [86].

Source; P. juliflora invading the range land, Allidegie Plain [52].
Figure 1. P, juliflora invading the range land, Allidegie Plain.

Invasions of P. juliflora also compete with agriculture and
reduce its yield [87]. The plant's invasion causes the farm's
acreage to shrink, and P. juliflora's roots make it challenging
to plow land [32]. A research in the Oromia region's Fentale
woreda, East Showa zone, found that crop yield has
decreased since P. juliflora's invasion of the area [88].
Similar to [89] who discovered that P. juliflora had a
negative impact on crop output due to competition for
agricultural land, time wasted clearing, and labor cost
increases, P. juliflora is a weed that affects both high and
medium infestation areas.

Figure 2. P, juliflora invading the cultivated land, more than 12m in height
at Ambash.

Source: [52] Spatial and Temporal Analysis of Prosopis juliflora (Swarz) DC
Invasion in Amibara Woreda of the Afar NRS (Doctoral dissertation, MSc Thesis,
AAU. Retrieved from http://etd. aau. edu. et/handle/123456789/786).

2.2.5. Effect on the Production of Animals
Recent studies by [90, 91] discovered a negative
correlation between the rate of P. juliflora invasion and cattle

output. The loss of dry season grazing grounds by P. juliflora
plants has resulted in a significant decrease in cattle
production and productivity. The number of all pleasant
native pasture species has decreased [36, 92]. For cattle,
sheep, goats, and camels, respectively, the total amount of
milk lost by P. juliflora pasture issues for a particular
lactating period is 10, 1, 5, and 4 liters. Additionally, for
cattle, sheep, goats, and camels, respectively, the overall
weight loss associated with P. juliflora pasture issues per
animal is 15, 3, 3, and 8 kg per year [93]. Similar to this, [88]
found that P. juliflora had a negative impact on cattle
productivity because of things like its encroachment on
grazing pastures and physical harm to the animals [94].

The invasion of P. juliflora resulted in a scarcity of
grazing places for cattle, resulting in a significant fall in
animal numbers and output [74]. This is primarily due to P.
juliflora encroachment on grazing land, which generates a
lack of animal food [32]. By displacing ideal grasses that
could not withstand the intensive competition for light,
nutrients, and moisture, P. juliflora trees reduce the capacity
of the land [86]. Additionally, it causes the destruction of
natural pasture, the uprooting of indigenous trees, a decrease
in stocking density, toxic cattle, and the growth of
impenetrable thickets [74, 86]. The principal source of fodder
for grazers like cattle, native grasses and other plant species
have been greatly reduced in number and productivity [95].
Data from Ethiopia's Central Statistical Agency (CSA) were
utilized by [96] to demonstrate that P. juliflora invasion
issues caused the cow and camel populations in the Amibara
zone, which was the study area, to decline at rates of 36%
and 20%, respectively, between 1997 and 2011.

2.3. Control Methods of Prosopis julifora Invasion

Other P. juliflora management approaches, such as
prevention and confinement, are rarely practical as
management alternatives in locations where P. juliflora
species have already spread over very vast areas. Control, in
conjunction with restorative habitat management, may be the
only effective approach at that point. A control program
seeks to minimize the abundance and density of infestations
while keeping the adverse effects of an invasion as low as
feasible and within acceptable bounds [8]. Mechanical,
chemical, and biological control mechanisms are the three
main categories of control systems, and each is discussed in
more detail below. Several studies have demonstrated that
using a single management strategy will not control or
diminish the invasion of P. juliflora. As a result, integrated
techniques that combine more than one alternative are
required to limit the spread of this weed [37, 97].

2.3.1. Techniques of Mechanical Control

Physical manipulation or uprooting of plants, which is
usually accompanied with burning, are examples of
mechanical control approaches [98]. Mechanical and manual
control techniques entail the elimination of an infestation's
invaders by hand or with tools, equipment, or machinery
Alien plant invasions can be manually controlled by pulling,
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uprooting, hoeing, falling, or cutting back. Such approaches
can be labor-consuming, but in areas where human labor is
commonly accessible and reasonably priced, manual
techniques is frequently both efficient and economical. Ring-
debarking (girdling) might also be helpful, but only for
getting rid of woody intruders of species that aren't coppicing.
The majority of manual control techniques also have the
advantage of being entirely target-specific. However, because
disturbed ground and soil erosion in cleared areas may
encourage reinvasion, additional follow-up control operations
and subsequent restoration efforts are frequently needed.
Large-scale infestations are rarely entirely eradicated by
manual control. The obvious drawback of mechanical
treatments that use bulldozers, tractor-drawn plows, or other
machinery to raze no target plant species as well as target
plant species is that they are indiscriminate and may create
conditions that are favorable for re-invasion. It is critical to
keep clearing and uprooting newly developing saplings from
farmlands, pasture grounds, and surrounding towns by hand.
Mechanical control, such as chopping for charcoal and
firewood, may be useful in lowering the impact on native
plant species and the rate of invasion [99]. Cutting, however,
will not help to eradicate P. juliflora in the area unless done
some distance below ground due to its excellent coppicing
capacity and a significant number of sprouts after cutting.
The second most effective but labor-intensive mechanical
control method involved digging up the plant to a depth of
10-15 cm before using the space for crop cultivation [100].

2.3.2. Regulation by Chemical

Chemical management methods, which involve the careful
use of licensed herbicides, can improve the effectiveness of
manual and mechanized clearing activities. Systemic
herbicides applied to cut tree stumps or incisions created in
the bark of trees or shrubs (known as frilling) will gradually
kill the targeted trees or shrubs after spreading via the
vascular tissue of treated invaders. Basal stem therapies and
stem injections have the same effects. These applications are
extremely targeted, with no detectable off-target impacts [8].

Cutting the stem at ground level and applying a suitable
pesticide to the freshly cut stumps will kill larger trees and
shrubs. Herbicides include Roundup, 2-4, D, Glenside
Kerosene, and diesel fuel. It is usual practice to use herbicide
foliar sprays, such as glyphosate, to reduce the seedlings of
woody invaders. Herbicidal sprays offer a quick and efficient
way of control with immediate effects when applied using
portable "pack" sprayers. The risks of collateral damage and
adverse effects on non-target species, which are always a risk
with herbicides, can be decreased where chemical treatments
can be given topically to specific plants. Many herbicides are
non-selective in their activity; thus care must be taken while
using them [8]. Herbicides licensed for use are effective
against weeds, but chemical management calls for frequent,
routine follow-up treatments [101]. In general, P. juliflora
plants up to 5 cm in diameter and wet stems from the ground
to 30 cm height can be efficiently controlled using Triclopyr
+ picloram @ 1 L/60 L diesel. P. juliflora can be controlled

by cutting the stem close to the ground and treating it right
away with triclopyr + picloram @ 1 L/60 L diesel. Triclopyr
+ picloram in a high volume (total spray), as Grazon DS
Extra, can control P. juliflora seedlings and plants up to 1.5
m tall [102]. In their examination into the efficacy of
herbicide application, [103]. found that Mera-71 @ 40 gn/ltr,
followed by 2, 4-D @ 10 gm/ltr, was more effective than
paraquat @ 30 ml/Itr and diuron @ 5 gm/ltr across all stem
thickness sizes. The research also showed that Mera-71 and 2,
4-D work better together than they do separately to suppress
P. juliflora growth. Paraquat and Diuron were approximately
twice as effective when compared to Mera-71 (Glyphosate
and 2, 4-D) [103].

2.3.3. Biological Regulation Methods

The most economical and reliable means of controlling
massive infestations of invasive alien plant species,
biological management (biocontrol), has gained popularity in
many countries over the past few decades. The introduction
of one or more highly specialized alien species that are
physiologically designed to exclusively prey on or attack
only plants of that species from the region where the invasive
plant species naturally occurs is known as biocontrol [8].

In most situations, the introduced organisms are illnesses,
mites, or insects that are particular to the host (mainly fungi).
These are creatures that regulate plant development in their
natural habitats. And it is in the absence of these natural
adversaries that the plants can erupt into plenty and become
invasive in their adopted environments, where they encounter
no such foes. It is possible to introduce multiple control
organism species, each designed to target a different aspect
of the targeted invasive species. While biocontrol does not
completely eradicate the alien plant invasion, it does lessen
the competition that it has with local plant species, reducing
its density and environmental impact and promoting the
recovery of native vegetation [8].

P. juliflora reproduction is controlled by predators or
infections. Sudanese researchers discovered predator insects
that attack the leaves, causing the forest canopy to deteriorate.
In Australia, four bug species have been introduced as
biological control agents against mesquite: Evippe spp.,
Prosopidopsylla flava, Algarobius bottimeri, and Algarobius
Prosopis juliflora. The larvae of these beetles devour mature
mesquite seeds in pods on the ground and in trees (a leaf-
tying moth that causes defoliation). Nonetheless, removing
the tree is a time-consuming process [102].

The seed-feeding bruchids Algarobius bottimeri and A.
Prosopis, the leaf-tying moth Evippe species, and the
sapsucker Prosopidopsylla Flava have all been released in
Australia [104, 105]. Two (A. Prosopis and Evippe species)
have proliferated considerably, with the latter significantly
affecting P. juliflora populations by decreasing long-term
growth rates [105]. Australia has had better success with
biological control than other countries, such South Africa,
and the benefit-to-cost ratios are positive (0.5), with future
estimates of rising [106]. To further strengthen control, more
agents should be made available [104, 105].
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2.3.4. Utilization Method

Traditional P. juliflora regulation approaches, particularly
especially mechanical and chemical methods, have proven to
be costly and ineffectual [107, 108]. As a result, measures
aimed at minimizing expenses while maximizing economic
advantages are being considered in many emerging countries.
As a result, it might be claimed that using Prosopis is the
greatest alternative for controlling the invasion of multiple
invaded areas [10, 109]. Bekele, M., Girmay, Z. [109] coined
this word to describe the economic exploitation of invasive
species as a strategy of harnessing their economic potential
for addressing basic human needs while also regulating their
expansion and possibly destroying them. These usage
policies are encouraged in developing countries because they
provide new business options for the affected populations
and significantly aid in the management and control of
invasive species. The least preferred options in most
developing nations are the more expensive biological and
mechanical control techniques [28].

Current P. juliflora utilization and eradication techniques
in Ethiopia include turning infested fields over to irrigated
agriculture, making charcoal, and making flours [10, 92]. In
the past, NGOs operating in Afar established cooperatives
that manufactured and sold P. juliflora charcoal and flour
made from its seed pods [92]. P. juliflora charcoal, farmed
and manufactured in Afar, is now marketed and sold in major
Ethiopian cities such as Addis Abeba and Mekelle [110].
Crushing and milling seed pods yield flour, which is used as
animal feed.

In the right environmental situation, controlling the spread
of P. juliflora can be a cost-effective management strategy,
claim [111, 112]. The management of P. juliflora-infested
sites for the production of charcoal and the conversion of P.
Jjuliflora-infested lands into irrigated agriculture are both
commercially viable [111]. India-based research indicates
that it is very profitable to produce charcoal from P. juliflora
wood [112, 113]. To allow for the region's long-term growth
of the charcoal business, it is also necessary to change the
country's rules on charcoal (such as production and
transportation, according to [110] which appear to be lacking.

5ihe PR

Figure 3. Women removing uprooted P. juliflora stumps from invaded lands
for utilization in the A Source; [8] Prosopis juliflora utilization assessment
in Ethiopia's Afar area.

Another study found that by removing viable seeds,
making flour from P. juliflora pods can also be used to stop
new invasions. However, under Ethiopia's current
management practices, the business was not commercially
viable. Poor marketing strategies, expensive processing costs
for pods (such as drying and crushing), and high initial
investment costs are some of the causes [111]. For instance,
combining P. juliflora flour with antiemetic medications,
converting it into feed blocks, and marketing the final
product as the best animal feed for worm control and cow
production considerably raised the value of the ingredient in
Kenya [113]. Ethiopian flour firms require study assistance,
particularly on the nutritional qualities, chemical
compositions, and toxicity levels of P. juliflora pods.
Subsidies for flour producers should also be considered as a
means of contributing to the control and eradication of this
very invasive species.

3. Conclusion and Recommendations
3.1. Conclusion

Prosopis juliflora is the most common and harmful alien
plant species in a variety of settings, including croplands,
rangelands, roadsides, woodlands, watersheds, and other
economically important ecosystems; there is also significant
potential for species spread. The disadvantages and costs of P.
juliflora for local livelihoods, rangeland health and
biodiversity, and the national economy due to lower cow
yield outweigh the benefits. The negative consequences on
the environment and human livelihoods are fast-growing, and
there is an urgent need to develop more effective
management systems to substantially minimize negative
impacts and increase benefits.

Through mechanical, chemical, and biological control
measures, it is possible to remove this plant over time by
making use of its potential beneficial benefits. This can be
accomplished by offering job opportunities for job seekers
that assure effective tree removal for various objectives.
However, early government and non-governmental
organization support are required for those groups to assure
the effectiveness of eradication through usage.

3.2. Recommendations

To develop strategies for preventing further spread of this
weed or achieving its eradication, a well-planned program
should encourage participation from all stakeholders from the
national to district level, including universities, research
centers, individual researchers, government and non-
governmental organizations, as well as the local traditional
institutions;

Using integrated controlling techniques can have a
beneficial synergistic effect. In this situation, a long-term and
effective plan should be in place to convert the P. juliflora-
occupied territory into cropland or another type of
commercial setting;

Educating the public on P. juliflora's impact on agricultural
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productivity, human health, and the ecosystem, especially in
pastoral and agro-pastoral areas. Accordingly, simple and
affordable control mechanisms that may be implemented by
these groups should be found in order to shorten their expected
lifespan. All stakeholders should be able to understand the
language in which research findings are conveyed;

There needs to be an extension service that can forge
strong ties with the community and disseminate new
technology and scientific discoveries in regional tongues.
The use of local and national radio, television, newspapers,
newsletters, brushers, and booklets can help with this
extension service.

Competing Interest

The authors declare no competing interests.

References

[1] Berhanu, A., and Tesfaye, G. 2006. The Prosopis juliflora
Dilemma impacts dryland biodiversity and some controlling
methods. Journal of Drylands, 1: 158-164.

[2] Ross, T., Shackleton, David, C., Le Maitre, N., Pasiecznik,
M., and David M. R. 2014. Prosopis: a global assessment of
the biogeography, benefits, impacts, and management of one
of the world's worst woody invasive plant taxa. AoB PLANTS
6: 10.1093/aobpla/plu027.

[3] Mwangi, E., and Swallow, B. 2008. Prosopis juliflora
invasion and rural livelihoods in the Lake Baringo area of
Kenya. Conservation and Society, 6 (2): 130-140.

[4] Maundu, P, Kibet, S., Morimoto, Y., Imbumi, M. and Adeka,
R., 2009. Impact of Prosopis juliflora on Kenya's semi-arid
and arid ecosystems and local livelihoods. Biodiversity, 10 (2-
3), pp. 33-50.

[5] Sertse, D., and Pasiecznik, N. M. 2005. Controlling the Spread
of Prosopis juliflora in Ethiopia by its Utilization, HDRA.

[6] Rettberg, S., and Miiller-mahn, D. 2012. Human-Environment
Interactions: The invasion of Prosopis juliflora in the
Drylands of Northeast Ethiopia. In: Mol, L. and Sternberg. T.
(Eds.): Changing Deserts — Integrating People and their
Environments. Whitehorse Press, Cambridge, pp. 297-316.

[7]1 Steele, P., Breithaupt, J., Labrada, R. 2009. Increased food
security: control and management of Prosopis juliflora, In
Proceedings of an Expert Consultation, 4, Awash (Ethiopia),
15-19 Oct 2007, FAO.

[8] Gordon, B., and Arne, Witt. 2013. Invasive alien plants and
their management in Africa Synthesis Report of the
UNEP/GEF Removing Barriers to Invasive Plant Management
in Africa (RBIPMA) Project, implemented in four African
countries (Ethiopia, Ghana, Uganda, and Zambia) between
2005 and 2010.

[9] Kassahun, Z., Yohannes, L., Olani, N. 2004. Prosopis
Jjuliflora: Potentials and Problems. Arem, 6: 1-10.

[10] Wakie, T., Evangelista, P., Laituri, M., 2012. Utilization

assessment of Prosopis juliflora in Afar region Ethiopia.

Available:

[11]

[12]

[13]

[14]

[15]

[19]

[20]

(23]

[24]

Lenjisa Direba Balcha: Prosopis juliflora Distribution, Impacts, and Control Methods Available in Ethiopia

http://www.nrel.colostate.edu/projects/csuethiopia/documents/
NewsFeed Wakie Final.pdf.

Ayana, A., and Oba, G. 2008. Herder perceptions on impacts
of range enclosures, crop farming, fire ban, and bush
encroachment on the rangelands of Borana, southern Ethiopia.
Human Ecology, 36: 201-215.

Gerber, N. 2012: The Economics of Land Degradation and the
Cost of Action versus Inaction, ZEF/ IFPRI.

Mueller-mahn, D., Getachew, G., Rettberg, S. 2010. Pathways
and dead ends of pastoral development among the Afar
Karrayu in Ethiopia. In: European Journal for Development
Research 22: 660-677.

Wise, E. H., Hersh, M. A. and Gibson, C. M., 2012. Ethics,
self-care and well-being for psychologists: Reenvisioning the
stress-distress continuum. Professional Psychology: Research
and Practice, 43 (5), p. 487.

Richardson, Jennelle Durnett, Sonja Kilo, and Kenneth M.
Hargreaves. "Cannabinoids reduce hyperalgesia and
inflammation via interaction with peripheral CB1 receptors."
Pain 75, no. 1 (1998): 111-119.

Van Wilgen, B. W, Richardson, D. M. 2014. Challenges and
trade-offs in the management of invasive alien trees.
Biological Invasions, 16: 721-734.

Tiwari, J. W. K. "Exotic weed Prosopis juliflora in Gujarat
and Rajasthan, India-boon or bane?" Tigerpaper 26, no. 3
(1999): 21-25.

Yibekal, A. T. 2012. Ecological and Economic Dimensions of
the Paradoxical Invasive Species- Prosopis juliflora and
Policy Challenges in Ethiopia. Journal of Economics and
Sustainable Development, 3 (8): 2222-2855.

Institute of Biodiversity Conservation (IBC). 2005. National
Biodiversity Strategy and Action.

Anagae, A., Reda, F., Tesfaye, G., Admasu, A., and Ayalew,
Y. 2004. Policy and stakeholder analysis for invasive plants
management in Ethiopia: Report submitted to CAB
International under the PDF-B Phase of the UNEP/GEF-
Funded Project: Removing Barriers to Invasive Plants
Management in Africa, Ethiopia: Ethiopian Agricultural
Research Organization. (EARO).

Authority, Environmental Protection. "Background information
on drought and desertification in Ethiopia." (1998).

Kull, C. A., Shackleton, C. M., Cunningham, P. J., Ducatillon,
C., Dufour-Dror, J., Esler, K. J., Friday, J. B., Gouveia, A. C.,
Griffin, A. R., Marchante, E., Midgley, S. J., Pauchard, A.,
Rangan, H., Richardson, D. M., Rinaudo, T., Tassin, J.,
Urgenson, L. S., von Maltitz, G. P., Zenni, R. D., Zylstra, M.
J. 2011. Adoption, use, and perception of Australian acacias
around the world. Diversity and Distributions, 17: 822-836.

Wilson, Howard B., Bruce E. Kendall, Richard A. Fuller,
David A. Milton, and Hugh P. Possingham. "Analyzing
variability and the rate of decline of migratory shorebirds in
Moreton Bay, Australia." Conservation Biology 25, no. 4
(2011): 758-766.

Pasiecznik, N. M. "Prosopis juliflora (vilayati babul) in the
drylands of India, develop this valuable resource-do not
eradicate it." (2002).



[25]

[26]

[27]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[38]

[39]

International Journal of Natural Resource Ecology and Management 2022; 7(3): 132-144

Igbal, M. Z., M. Shafiq, and S. W. A. Rizvi. "Effect of traffic
exhaust on roadside trees during different seasons." Polish
Journal of Environmental Studies 6, no. 5 (1997): 55-59.

Pasiecznik, N. M., Felker, P., Harris, P. J. C., Harsh, Cruz, G.,,
Tewari, J. C., Cadoret, K., and Maldonado, L. J. 2001. The Prosopis
Juliflora — Prosopis pallida, A Monograph. HDRA, Coventry, UK.

Bokrezion, Harnet. "The ecological and socio-economic role
of Prosopis juliflora in Eritrea: an analytical assessment
within the context of rural development in the Horn of
Africa." PhD diss., Mainz, Univ., Diss., 2008, 2008.

Shackleton, R. T., Le Maitre, D. C., Pasiecznik, N. M.,
Richardson, D. M. 2014. Prosopis: a global assessment of the
biogeography, benefits, impacts, and management of one of
the world's worst woody invasive plant taxa.

EARO and HADRA. 2005. Controlling the spread of Prosopis
in Ethiopia by its utilization. Ethiopian Agricultural Research
Organization (EARO) and Henry Doubleday Research
Association (HADRA), Addis Ababa.

Ryan, F. 2011. US Forest Service Technical Assistance Trip to
Ethiopia: Invasive Species Management. Rep. Submitted to
USAID.

Rezene, Yayis, Setegn Gebeyehu, and Habtamu Zelleke.
"Genetic variation for drought resistance in small red seeded
common bean genotypes." African Crop Science Journal 19,
no. 4 (2011): 303-311.

Niguse, H., and Amare, F. 2016. Distribution and Socio-
economic Impacts of Prosopis juliflora in East Shewa and
West Arsi Zones, Ethiopia. International Journal of African
and Asian Studies, 24: 31-41.

Berhanu, L., and Nejib, M. 2016. Distribution and Socio-
Economic Impacts of Prosopis Juliflora in Gamo Gofa, Segen
Area People and South Omo Zones, Southern Ethiopia.
International Journal of Agricultural Science and Technology,
4:2327-7246. doi: 10.12783/ijast.2016.0401.03.

Yohannes, Z. A. 2014. Quantitative Assessment of Invasion of
Prosopis juliflora in Baadu, Afar Regional State of Ethiopia.
Managing Prosopis Juliflora for better (agro-) pastoral
Livelihoods in the Horn of Africa Proceedings of the Regional
Conference, 1 — 2 May 2014, Addis Ababa, Ethiopia.

ETIOPiA, DISPONIBLES EN. "Mohammed Mussa
Abdulahil*, Jemal Abdulkerim Ute2 and Tefara Regasa2."
Tropical and Subtropical Agroecosystems 20 (2017): 75-89.

Mwangi, E., and Swallow, B. 2005. Invasion of Prosopis
Jjuliflora and local livelihoods: A case study from the Lake
Baringo area of Kenya. ICRAF Working Paper — no. 3,
Nairobi, World Agroforestry Centre.

Samuel, M., Christopher, M., Tibangayuka, K., Moffat, S.,
Mbaki, M. 2013. Prosopis L. Invasion in the South-Western
Region of Botswana: The Perceptions of Rural Communities
and Management Options. Natural Resources, 4: 496-505.

El-Keblawy, A., and A. Al-Rawai. "Effects of salinity,
temperature and light on germination of invasive Prosopis
Jjuliflora (Sw.) DC." Journal of Arid Environments 61, no. 4
(2005): 555-565.

Pasiecznik, N. M., Harris, P. J., and Smith, S. J. 2004.
Identifying Tropical Prosopis Species: A Field Guide. HDRA,
Coventry, UK.

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[49]

[50]

[53]

141

Zeila, A., Mwangi, E., and Swallow, B. 2004. Prosopis
juliflora: Boon or Bane for dry land Agroforestry?’ The
Prunus Tribune, Jan — March 2004 edition. Nairobi: World
Agroforestry Centre.

Zimmermann, H. G. 1991. Biological control of Prosopis spp.
(Fabaceae), in South Africa. Agriculture, Ecosystems, and
Environment; 37: 175-186.

Shiferaw, H., Teketay, D., Nemomissa, S., Assefa, F. 2004.
Some biological characteristics that foster the invasion of
Prosopis juliflora (Sw.) DC. at Middle Awash Rift Valley
Area, north-eastern Ethiopia. Journal of Arid Environments,
58: 135-154.

Felker, P. 1979. Mesquite: an all-purpose leguminous arid land
tree. In: Eitchie GA, editor. New agricultural crops, American
Association for the Advancement of Science Symposium
Proceedings. Vol. 38. Boulder: Westview Press; 1979. p. 89-
132.

Nilsen, E. T., Sharifi, M. R., Rundel, P. W., Jarrell, W. M.,
Virginia, R. A. 1983. Diurnal and seasonal water relations of
the desert phreatophyte Prosopis glandulosa (honey mesquite)
in the Sonoran Desert of California. Ecology, 64: 1381-1393.

Dzikiti, S., Schachtschneider, K., Naiken, V., Gush, M., Moses
G, Le Maitre, D. C. 2013. Water relations and the effects of
clearing invasive Prosopis trees on groundwater in an arid
environment in the Northern Cape, South Africa. Journal of
Arid Environments, 90: 103-113.

Hastings, Alan, James E. Byers, Jeffrey A. Crooks, Kim
Cuddington, Clive G. Jones, John G. Lambrinos, Theresa S.
Talley, and William G. Wilson. "Ecosystem engineering in
space and time." Ecology letters 10, no. 2 (2007): 153-164.

Elfadl, M. A., Luukkanen, O. 2006. Field studies on
ecological strategies of Prosopis juliflora in a dry land
ecosystem. Journal of Arid Environments, 66: 1-15.

Shi, Yifan, Aaron Bobick, and Irfan Essa. "Learning temporal
sequence model from partially labeled data." In 2006 IEEE
Computer Society Conference on Computer Vision and
Pattern Recognition (CVPR'06), vol. 2, pp. 1631-1638. IEEE,
2006.

El-keblawy, A. and Al-Rawai, A. 2006. Effect of salinity,
temperature, and light on germination of invasive P. juliflora
(Sw.) DC. Journal of Arid Environment, 61: 555-565.

McNally, Mary E., Debora C. Matthews, Joanne B. Clovis,
Martha Brillant, and Mark J. Filiaggi. "The oral health of
ageing baby boomers: a comparison of adults aged 45-64 and
those 65 years and older." Gerodontology 31, no. 2 (2014):
123-135.

Smolenski, S. J., Kinghorn, A. D. and Balandrin, M. F. 1981.
Toxicnconstituents of legume forage plants. Economic Botany,
35 (3): 321-355.

Engda, Getu. "Spatial and Temporal Analysis of Prosopis
Jjuliflora (Swarz) DC Invasion in Amibara Woreda of the Afar
NRS." PhD diss., MSc Thesis, AAU. Retrieved from
http://etd. aau. edu. et/handle/123456789/786, 2009.

Hailu, S., Demel, T., Sileshi, N., and Fassil, A. (2004). Some
biological characteristics that foster the invasion of Prosopis
Jjuliflora (Sw.) DC. at Middle Awash Rift Valley Area, north-
eastern Ethiopia. Journal of Arid Environments, 58/135 -154.



142

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Lenjisa Direba Balcha: Prosopis juliflora Distribution, Impacts, and Control Methods Available in Ethiopia

Schachtschneider, Klaudia, and Edmund C. February. "Impact
of Prosopis invasion on a keystone tree species in the Kalahari
Desert." Plant Ecology 214, no. 4 (2013): 597-605.

Samuel, G., Sebsebe, D., and Tadesse, W. 2012. Allelopathic
effects of the invasive Prosopis juliflora (Sw.) DC. on
selected native plant species in Middle Awash, Southern Afar
Rift of Ethiopia. Management of Biological Invasions, 3 (2):
105-114.

Kebede, Almaz Tadesse. Sustaining the Allideghi Grassland
of Ethiopia: Influences of pastoralism and vegetation change.
Utah State University, 2009.

Kaur, R., Gonzales, W. L., Llambi, L. D., Soriano, P. J.,
Callaway, R. M., Rout, M. E., Gallaher, J. T., Inderjit. 2012.
Community impacts of Prosopis juliflora invasion:
biogeographic and congeneric comparisons. PLoS One:

Kabhi, H., and Ngugi, R. 2009. The canopy effects of Prosopis
Jjuliflora (dc.) and acacia tortilis (hayne) trees on herbaceous
plant species and soil Physico-chemical properties in Njemps
flats, Kenya. Tropical and Subtropical agroecosystems, 10:
441-449.

Apata, Temidayo Gabriel, K. D. Samuel, and A. O. Adeola.
Analysis of Climate Change Perception and Adaptation
among Arable Food Crop Farmers in South Western Nigeria.
No. 1005-2016-79140. 2009.

Chaturvedi, A. N., Sharma S. C. Andsrivastava, R. (1988).
Water consumption and biomass production of some forest
tree species. International Tree Crops Journal 5: 71-76.

Felker, P., Cannell, G. H., Osborn, J. F., Clark, P. R. and Nash,
P. (1983). Effects of irrigation on biomass production of 32
Prosopis (mesquite) accessions. Experimental Agriculture 19:
187-198.

Noor, M., Salam, U., and Khan, M. A. (1995). Allelopathic
effects of Prosopis juliflora (Swartz). J Arid Environ. 31: 83—
90.

Gordon, D. R. (1998). Effects of invasive, non-indigenous
plant species on ecosystem processes: lessons from Florida.
Ecol. Appl. 8: 975-89.

Hobbs, R. J., and Mooney, H. A. (1986). Community changes
following shrub invasion of grassland. Oecologica 70: 508-
513.

Coder, K. D. (1999). Allelopathy in Trees. University of
Georgia Daniel B. Warnell School of Forest Resources.
Extension publication FOR99-004.

Wacker, T. L., Safir, G. R., and Stephens, C. T. (1990).
Effects of ferulic acid on Glomus faculatum and associated
effects on phosphorous uptake and growth of asparagus
(Asparagus officinalis). Journal of Chemical Ecology 16:
901-909.

Galindo, J. C. G., Hernandez, A., Dayan, F. E., Tellez, M. R.,
Macias, F. A., Paul, R. N., and Duke, S. O. (1999).
Dehydrozaluzanin C, a natural sesquiterpenolide, causes rapid
plasma membrane leakage. Phytochemistry 52: 805-813.

Lehman, M. E. and Blum, U. (1999). Evaluation of ferulic
acid uptake as a measurement of allelochemical dose:
Effective concentration. J Chem Ecol. 25: 2585-2600.

Calera, M. R., Mata, R., Anaya, A. L., and Lotina-Hennsen, B.

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[83]

(1995). 5-O-BD-galactopyranosy 1*7-methoxy®3 f4 fdihydroxi-
4-fenilcumarin, an inhibitor of photophosphorylation in
spinach chloroplasts. Photosynth Res. 45: 105-110.

Politycka, B. (1998). Phenolics and the activities of
phenylalanine ammonia-lyase, phenol-b-glucosyltransferase,
and b-glucosidase in cucumber roots as affected by pheno lic
allelochemicals. Acta Physiol Plant. 20: 405-410.

Anaya, A. L., Pelayo-Benavides, H. R. (1997). Allelopathic
potential of Mirabilis jalapa L. (Nyctaginaceae): Effects on
germination, growth, and cell division of some plants.
Allelopathy J. 4: 57-68.

Nakano, H., Nakajima, E., Hiradate, S., Fujii, Y., Yamada, K.,
Shigemori, H., and Hasegawa. K. (2004). Growth inhibitory
alkaloids from mesquite (Prosopis juliflora (Swartz.) DC.
leaves. Phytochemistry 65: 587-591.

Senayit, R., Agajie, T., Taye, T., Adefires, W., and Getu, E. 2004.
Invasive Alien Plant Control and Prevention in Ethiopia. Pilot
Surveys and Control Baseline Conditions. Report submitted to
EARO, Ethiopia, and CABI under the PDF B phase of the UNEP
GEF Project - Removing Barriers to Invasive Plant Management
in Africa. EARO, Addis Ababa, Ethiopia.

Sharma, I. K. 1981. Ecological and economic importance of
Prosopis juliflora in the Indian Thar Desert. Journal of
Taxonomy and Botany, 2: 245-248.

Herries, Andy IR, Peter Kappen, Anthony DT Kegley, David
Patterson, Daryl L. Howard, Martin D. de Jonge, Stephany
Potze, and Justin W. Adams. "Palacomagnetic and
synchrotron analysis of> 1.95 Ma fossil-bearing palacokarst at
Haasgat, South Africa." South African Journal of Science 110,
no. 3-4 (2014): 01-12.

Duke, J. A. 1983. Prosopis juliflora DC. Handbook of energy
Crops.

Lewis, WH, and Elvin Lewis, MPF. 2004: Medical Botany.
Plants Affecting Human Health. Economic Botany. Wiley.

Shimles, A. and Getachew, M. 2016. Contemporary Prosopis
dilemma: Perception of inhabitants of Sabian Kebele (Goro)
towards invasive tree Prosopis juliflora, Eastern Ethiopia.
Journal  Agriculture  Biotechnology and  Sustainable
Development, 8 (1): 1-6.

Abdillahi, A., Aboud, P., Kisoyan, K. and Coppock, D. L.
2005. Agro-Pastoralists’ Wrath for the P. juliflora Tree: The
Case of the II Chamus of Baringo District. Pastoral Risk
Management project, Kenya.

Silva, Elvira, and Spiro E. Stefanou. "Dynamic efficiency
measurement: theory and application." American Journal of
Agricultural Economics 89, no. 2 (2007): 398-419.

Mehari, Zeraye H. "The invasion of Prosopis juliflora and
Afar pastoral livelihoods in the Middle Awash area of
Ethiopia." Ecological Processes 4, no. 1 (2015): 1-9.

Moleele, N. M., S. Ringrose, W. Matheson, and C.
Vanderpost. "More woody plants? The status of bush
encroachment in Botswana’s grazing areas." Journal of
Environmental Management 64, no. 1 (2002): 3-11.

Angassa, Ayana. "The ecological impact of bush
encroachment on the yield of grasses in Borana rangeland
ecosystem." African Journal of Ecology 43, no. 1 (2005): 14-
20.



International Journal of Natural Resource Ecology and Management 2022; 7(3): 132-144 143

[84] Khandelwal, P., Sharma, R. A., and Agarwal, M. 2015.
Pharmacology and Therapeutic Application of Prosopis
Jjuliflora. A Review Journal of Plant Sciences; 3 (4): 234-240.
doi: 10.11648/j.jps.20150304.20.

[85] Taye, T., Ameha, T., Adefiris, W. and Getu, E. 2004d.
Biological Impact Assessment on Selected IAS Plants on
Native Species Biodiversity. Report submitted to EARO,
Ethiopia, and CABI under the PDF-B phase of the UNEP GEF
Project - Removing Barriers to Invasive Plant Management in
Africa. EARO, Addis Ababa, Ethiopia.

[86] Anderson, Kym, Lee Ann Jackson, and Chantal Pohl Nielsen.
"Genetically modified rice adoption: implications for welfare
and poverty alleviation." Journal of Economic Integration
(2005): 771-788.

[87] Merga, Y. 2012. Assessing the impact of Prosopis juliflora
(SW.) DC. invasion on the livelihood of pastoralists: the case
of fentale woreda, east showa zone of Oromia. MSc. thesis,
Haramaya University, Haramaya, Ethiopia.

[88] Ashenafi, B. 2008. Land Use /Land Cover Dynamics in
Prosopis juliflora invaded the area of Metehara and the
Surrounding Districts Using Remote Sensing and GIS
Techniques. MSc Thesis, Addis Ababa University, Addis
Ababa Ethiopia.

[89] Ayanu, Yohannes Zergaw. "2. Quantitative Assessment of
Invasion of Prosopis juliflora in Baadu, Afar Regional State
of Ethiopia." Managing Prosopis juliflora for better (agro-)
pastoral Livelihoods in the Horn of Africa (2014): 10.

[90] Haregeweyn, N., Tsunekawa, A., Tsubo, M., Meshesha, D.,
Melkie, A. 2013. Analysis of the invasion rate, impacts, and
control measures of Prosopis juliflora: a case study of
Amibara District, Eastern Ethiopia. Environmental Monitoring
Assessment, 185: 7527-42. doi: 10.1007/s10661-013-3117-3.

[91] Admasu, D. 2008. Invasive plants and food security: the case
of Prosopis juliflora in the Afar Region of Ethiopia, FARM-
Africa, IUCN.

[92] Tlukor, John, Regina Birner, Mesfin Tilahun, and Shimelis
Getu. "4. A social-economic assessment of the impact of
Prosopis juliflora invasion and participative management ap-
proaches in the Afar Region, Ethiopia." Managing Prosopis
Jjuliflora for better (agro-) pastoral Livelihoods in the Horn of
Africa (2014): 30.

[93] Zeila, Abdi. "Mapping and managing the spread of Prosopis
juliflora in Garissa County, Kenya." PhD diss., Kenyatta
University, 2011.

[94] Hamedu, Herrie. "Socioeconomic and ecological impacts of
Prosopis juliflora invasion in Gewane and Buremudaytu
Woredas of the Afar region." In Regional conference on
managing Prosopis juliflora for better (agro-) pastoral
livelihoods in the Horn of Africa, pp. 118-124. 2014.

[95] Yosef, T., U. Mengistu, A. Solomon, Y. K. Mohammed, and
K. Kefelegn. "Camel and cattle population dynamics and
livelihood diversification as a response to climate change in
pastoral areas of Ethiopia." Livestock research for rural
development 25, no. 9 (2013): 1-10.

[96] Belachew, Kifle, and Taye Tessema. "Assessment of weed
flora composition in Parthenium (Parthenium hysterophorus
L.) infested area of East Shewa Zone, Ethiopia." Malaysian
Journal of Medical and Biological Research 2, no. 2 (2015):
105-112.

[97] Van Wilgen, B., Richardson, D., and Higgins, S. 2001.
Integrated control of invasive alien plants in terrestrial
ecosystems. Land use and Water Resources Research, 1 (5): 1-
6.

[98] Abebe, Y. 2012. Ecological and economical dimensions of the
paradoxical invasive species - Prosopis juliflora and policy
challenges in Ethiopia. Journal of Economics and Sustainable
Development, 3 (8): 62-70.

[99] Samuel, Varman T., Zhen-Xiang Liu, Xianqin Qu, Benjamin
D. Elder, Stefan Bilz, Douglas Befroy, Anthony J. Romanelli,
and Gerald I. Shulman. "Mechanism of hepatic insulin
resistance in non-alcoholic fatty liver disease." Journal of
Biological Chemistry 279, no. 31 (2004): 32345-32353.

[100] Lin, Lorraine, and Sophie Jorg. "Do cartoons feel pain? using
the virtual hand illusion to test human response to degrees of
realism." In Proceedings of the ACM SIGGRAPH
Symposium on Applied Perception, pp. 134-134. 2015.

[101]DAFF Queensland. 2013. [online] available at: <
http://www.daff.qld.gov.au/__data/assets/pdf

[102]Shanwad, U. K., Chittapur, B. M., Honnalli, S. N.,
Shankergoud, I., Tegegnework, G. 2015. Management of
Prosopis juliflora through Chemicals: A Case Study in
India. Journal of Biology, Agriculture and Healthcare, 5
(23): 30-38.

[103]Van Klinken, R. D, Fichera, G., Cordo, H. 2003. Targeting
biological control across diverse landscapes: the release,
establishment, and early success of two insects on
mesquite.

[104] Van Klinken, Adriaan S. "Men in the remaking: conversion
narratives and born-again masculinity in Zambia." Journal of
Religion in Africa 42, no. 3 (2012): 215-239.

[105] Page, A. R., and K. L. Lacey. Economic impact assessment of
Australian weed biological control. CRC for Australian Weed
Management, 2006.

[106] McConnachie, Alan W. "The observed properties of dwarf
galaxies in and around the Local Group." The Astronomical
Journal 144, no. 1 (2012): 4.

[107] Sato, Takahiro. "Beyond water-intensive agriculture:
Expansion of Prosopis juliflora and its growing economic use
in Tamil Nadu, India." Land use policy 35 (2013): 283-292.

[108] Tessema, Y. A. 2012. Ecological and Economic Dimensions of
the Paradoxical Invasive Species - Prosopis juliflora and
Policy Challenges in Ethiopia. Journal of Economics and
Sustainable Development, 3 (8): 62-70.

[109] Bekele, M., Girmay, Z. 2013. Reading through the Charcoal
Industry in Ethiopia: Production, Marketing, Consumption,
and Impact. FSS Monograph No. 9, 104 pp.

[110] Wakie, Tewodros T., Dana Hoag, Paul H. Evangelista,
Matthew Luizza, and Melinda Laituri. "Is control through
utilization a cost effective Prosopis juliflora management
strategy?" Journal of Environmental Management 168 (2016):
74-86.

[111] Stille, L., Smeets, E., Wicke, B., Singh, R., Singh, G. 2011.
The economic performance of four (agro-) forestry systems on
alkaline soils in the state of Haryana in India. Energy Sustain.
Dev. 15: 388-397.



144 Lenjisa Direba Balcha: Prosopis juliflora Distribution, Impacts, and Control Methods Available in Ethiopia

[112] Gupta, T. "Economics of sylvi-pastoral systems in India."
Sand dune stabilization, shelterbelts and afforestation in dry
zones (1985): 159-167.

[113] Syomiti, M., Hoag, H., Getachew, G., Beatrice, M., Wamae,

D. 2015. Medicated Prosopis spp - based feed blocks- for
anthelmintic efficacy and performance of weaner lambs.
Livest. Res. Rural Dev. vol. 27, 50. Available:
http://www.lrrd.org/ Irrd27/3/syom27050.html.



