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Effects of Prosopis Juliflora (Sw) DC on Soil Seedbank Flora and Its Allelopathic Potentials 

on Selected Grass Species in Amibara Rangeland of Afar Regional State, Ethiopia 

ABSTRACT 

P. juliflora is an evergreen exotic poisonous weed species and its alarming rate of invasiveness 

had affecting the livelihood of pastoral communities in Amibara rangeland of Afar Region. This 

study aims to investigate effects of P. juliflora on soil seedbank flora and its allelopathic 

potential on seed germination, growth and biomass production of Cenchrus cillaris, paspalidium 

desertorum and Litonia nutans. A total of 20 Soil samples were collected from five sites 

measuring sample quadrats of (20m X 20m) area and soil samples from each quadrat were taken 

from 5 sub-quadrats/m2, one from center and four from corners, at two depth (0-3cm and 3-10 

cm). A total of 38 herbaceous species /m2 that belongs to 16 families were emerged in upper and 

lower layer soil seedbank samples. The highest diversity of (3.17, 3.15 and 3.04) were recorded 

in Awash-arba, Alaydagi and Kurkura. While, least diversity of (2.75and 2.77) were recorded in 

Melka-Werer and Sarkamo.  Jaccard’s coefficient similarity of (55.6%) at the upper soil 

seedbank were in Melka-werer and Sarkamo. while lowest similarity of (31.8%) were recorded 

at lower layer soil seedbanks in Sarkamo and Kurkura. Ten grams of each leaf, bark and root 

aqueous extract prepared at (0%, 1%, 2.5%, 5% and 10%) concentrations used for germination 

bioassay and pot experiment. Seed germination of P.desertorum was significantly inhibited by 

leaf extract at (42.13). C.cillaris seed germination was significantly suppressed at (2.5%, 5% 

and 10%) as compared with control. Plumule length (cm) of C. cillaris was highly significantly 

inhibited at (10%) when compared to control. Radical length of C. Cillaris, P. desertorum and L. 

nutans were exhibited highly significant inhibition at (5% and10%) when compared to control. 

Bark exposed highly significant effect on fresh shoot weight of C. cillaris and L. nutans at (10%) 

and P. desertorum at (5% and 10%), while least significant exhibited at (1%) as compared to 

control. Bark exposed significant inhibition on dry shoot weight of L. nutans at (9.87). Root 

exhibited least significant inhibition on dry shoot weight of C. cillaris at (14.91). Bark showed 

significant reduction on fresh root weight of L.nutans at (6.03). Therefore, out controlling 

invasion of p. juliflora causing negative impacts on plant diversity, ecosystem services and 

forage grass species.  

Keywords: Biomass production, Composition, Diversity, Seed germination, Seedling growth, 

Similarity 



 

 

 

1. INTRODUCTION 

1.1. Background and Justification  

The spread of invasive plant species within the arid and semi-arid lowlands of Northeast Ethiopia 

is an increasing threat for pastoral livelihoods and ecosystems. Prosopis is one of the world’s 

worst invasive alien species, causing severe environmental degradation to the arid and semi-arid 

lowlands of the Horn of Africa, and threatening the livelihood and food security of pastoral and 

agro-pastoral communities (Tilahun et al. 2014). The Ethiopian National Biodiversity Strategy 

and Action Plan (MoARD 2005) consider it to be one of the top invasive species countrywide, 

next to Parthenium weed (Parthenium hystrophorous), water hyacinth (Eichhornia crassipes) 

and Lantana weed (Lantana camara). P. juliflora was first introduced to the Afar region by the 

Ethiopian government in the late 1970s and early 1980s to combat desertification, and by 2006, 

approximately 700,000 ha of land had been taken over by P. juliflora, out of which more than 

70% is located in the Afar region (Admasu 2008; Ryan 2011). 

During the last three decades, the Afar pastoralists of Northeast Ethiopia have been faced with 

accelerated social and ecological change which was linked to processes of massive 

impoverishment and increasing vulnerability. Especially the loss of extensive grazing areas and 

nomadic mobility resulted in chronic food insecurity (Rettberg, 2010). In the past, attempts have 

been made by the government to regulate soil erosion problems in the floodplains of the Awash 

River. One of these attempts is introduction of fast growing species such as Prosopis juliflora to 

restore degraded lands and protect against soil erosion.  

Weeds are the most serious but less noticeable yield-deteriorating factor that also poses 

allelopathic effects against crops (Khan et al., 2004) due to presence of organic compounds, 

which release phytotoxic substance. These phytotoxic substances release chemicals into the 

ecosystem (Tanveer, 2008) in the form of secondary metabolites which may leach out from 

various parts of plants to the surrounding rhizosphere either as exudates or rain-residues which 

impact on germination and growth processes of other plants (Sajjad et al., 2007; Iqbal et al., 

2010).The leaves of P. juliflora contain various chemicals including tannins, Flavonoids, 

steroids, hydrocarbons, waxes and alkaloids (Pasiecznik et al., 2001).  

https://pastoralismjournal.springeropen.com/articles/10.1186/s13570-016-0061-1#CR22
https://pastoralismjournal.springeropen.com/articles/10.1186/s13570-016-0061-1#CR3
https://pastoralismjournal.springeropen.com/articles/10.1186/s13570-016-0061-1#CR29
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Allelochemicals are plant metabolites or their products that are released into the environment and 

may affect neighboring organisms by reducing cell membrane permeability, disrupting mineral 

uptake or damaging genetic material (Mattner, 2001; Rizvi and Rizvi, 1992; Halbrendt, 1996). 

These species are causing enormous damage to biodiversity and on agricultural systems we 

depend on. Health effects on human beings and animals are increasing and impacts on 

biodiversity irreversible. Introduced alien species outcompete, infect or transmit diseases, 

compete, attack, or hybridize with native ones (Wittenberg and Cock, 2001). 

In addition, several studies reported the presence of allelopathic compounds in P. juliflora. For 

example, Kaur et al. (2012) detected the L-tryptophan in leaf leachates of P. juliflora. Nakano et 

al. (2001) suggested that L-tryptophan may play an important role in allelopathy of P. juliflora 

leaves.  This allelopathic interference has been argued to be one of the mechanisms by which 

exotic may become successful invaders (Inderjit et al., 2008; Stinson et al., 2006) 

In the Middle Awash area, P. juliflora is a strong competitive bush with low beneficial traits for 

Afar pastoralists. The bush has reached a level to impair the pastoral livelihoods in different 

ways like (a) reducing pasture availability; (b) inhibiting mobility; (c) having poisonous thorn for 

both the people and their livestock; (d) having pods posing health hazard for livestock; and (e) 

threatening traditions and institutions. The effects mentioned are interlinked and interacting with 

one another to heavily test pastoral way of life in the Middle Awash area putting them extremely 

vulnerable to environmental uncertainties (Zeray, 2015).  

1.2. Statement of the Problem 

There are few studies on the allelopathic effects of P.s juliflora. However, these studies do not 

clearly demonstrate that such effects are due to allelopathy alone or competition. The main 

problems of P. juliflora invasions on the indigenous plant species are interfering with 

germination, growth and performance of the associated plant species. Such effects might 

contribute to the shrinkage of indigenous plant biodiversity and contribute to shortage of fodder 

to livestock population in the study area thus affecting the livelihood of the pastoral community.  
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Furthermore, the release of phytotoxins in to the soil environment may reduce the activities of 

essential soil dwelling microorganisms, fauna, and flora which in turn may result in the loss of 

soil fertility and decline rangeland productivity.    

1.3. Objective of the Study 

  1.3.1. General Objective of the Study 

The overall objective of this study is to investigate the impact of P. juliflora on soil seed bank 

flora and its allelopathic potentials on seed Germination, Growth, and Biomass of indigenous 

Grass species in Amibara range lands, Afar Regional State, Ethiopia. 

 1.3.2. Specific Objective of the Study 

 To determine the impact of P. juliflora on the composition and diversity of soil seed bank 

flora and  

 To investigate the allelopathic potentials of P. juliflora on seed germination, growth, and 

biomass production of selected grass species in Amibara rangeland. 
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2. LITERATURE REVIEW 

2.1. The Origin of Prosopis Juliflora and its Global Distribution  

According to Bokrezion (2008), P. juliflora is native to central and South America and then 

started to spread from southern Mexico to Panama and from Caribbean Islands to Venezuela and 

northern Peru. It has been introduced worldwide over the last 200 years. Nowadays, it can be 

found in various semi-arid and arid climate zones including further parts of southern America, 

India and Pakistan, Australia and the Pacific Islands and several countries in Africa, the Arabic 

and the Middle East. 

Forty of the 44 known species of the P. juliflora genera are native to the Americas.  Of these, 28 

are native to a single country Argentina. Of the 44 Prosopis species, four are spread globally P. 

juliflora, P. pallida, P. glandulosa, and P. relutina and by far the most widespread is P. juliflora 

which is particularly invasive in exotic environments (Dubow 2011; Pasiecznik et al. 2004). The 

rest of the review is focused on P. juliflora which is also known widely by its common name 

mesquite (Walter 2011).  

2.2. Early Introductions in to Africa  

In Africa, Prosopis was introduced in 25 countries spanning all regions of the continent 

including Ethiopia (Pasiecznik et al., 2001).While records indicate that the earliest 

introductions to Africa may have been in Senegal, South Africa, and Egypt in the early to late 

19th century, earlier introductions may have occurred (Pasiecznik et al., 2001). Unfortunately, 

the introductions into Sahelian Africa and the Indian subcontinent were from trees with non-

palatable pods (Alban et al., 2002).  

 In East Africa in particular, the exact origins of Prosopis species remain uncertain. It may have 

come in via livestock from Sudan, southern Africa or by traders from India or southern Africa. In 

the Sudan, (Jackson, 1960) reported P. juliflora introduction from Egypt and South Africa in 

1917. Prosopis plants were grown in experimental plantations in Khartoum in 1928 and 1938, 

where they were found to thrive best on sand dune crests, eroded slopes and sandy soils. 
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Following this, P. juliflora became popular in arid area a forestation schemes, with subsequent 

introductions of different species (Abdelbari, 1986). 

2.3. Introduction of P Juliflora into Ethiopia 

In Ethiopia, P. juliflora was initially observed in the eastern part of the country in the late 1970s 

at Goro nursery site in Dire-Dawa probably introduced from India (EARO and HDRA, 2005). It 

was first introduced to Awash area of the Afar Regional State some 30 years ago (Zeray, 2008). 

P. juliflora was planted in the area for its feed for livestock, fuel wood sources, reclaiming salty 

areas, etc. Expecting the advantage, it was planted over large areas in the Region by programs 

like food for work program until 1988 (EARO and HDRA, 2005).  

The plant then started competing with grasses and indigenous trees and invaded farmlands and 

rangelands in the area and with great damage on biodiversity, livestock and food production. P. 

juliflora has a very wide soil and site adaptability ranging from sand dunes to clay soils; from 

saline to alkaline soils; from areas below 200 to more than 1500 m above sea level; and from 50 

to 1500 mm mean annual rain fall (Pasiecznik et al., 2004; Zeila et al., 2004). It also can 

withstand and survive temperatures from as high as 50°C (air temperature) and 70°C (soil 

temperature) (Pasiecznik et al., 2004). It is one of the most common trees in semi-arid and arid 

parts of the sub-tropical and tropical zones (Pasiecznik et al., 2001; Pasiecznik et al., 2004).  

In terms of coverage, the areas most adversely affected nationally include the Afar and Somali 

Regions in the east and southeast of the country and the area around Dire Dawa City. There are 

also moderately affected areas in Amhara, Oromia, Southern Nations Nationalities and Peoples 

(SNNP) and Tigray Regions – that is, in the mainly dry lands of Central, East and North Ethiopia 

(Steele, 2009) 

2.4. Biology of Prosopis Juliflora 

P. juliflora 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). The genus Prosopis was systematically described and organized by 

Burkart (1976) in to five sections that together contains 44 species and with many varieties 
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(Pasiecznik et al., 2001). It 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). 

Pollination in P. juliflora is effected by insects. The seeds are dispersed mostly by water around 

wetlands and rivers (Solbrig and Cantino, 1975). Pods have high sugar content, are low in anti- 

feedants and are widely sought after by a variety of animals. Birds, bats, reptiles and ants also 

feed on the fruits and are potential agents of dispersal (Pasiecznik et al., 2001). Livestock are 

now the primary dispersal agents. Wild animals also disperse the seeds of P. juliflora by 

consuming the fruit. After the seed passes through the gut of animals and excreted along with 

feces, it will germinate. The passage of the seeds through the gut facilitates the germination of 

the hard coated seeds of P. juliflora (Hailu et al., 2004). 

After falling, the seed will become a component of the seed bank and remain viable for many 

years. Seedlings are rarely observed under the canopy of P. juliflora. This is because of shading 

(Singh et al., 2008) and allelopathic effects of Prosopis (Noor et al., 1995) and insect attacks. Its 

roots can grow down to 50m with ability to adapt a very wide range of soil conditions. 

Prosopis/Mesquite can extend the root up to 30m which makes to be a very most extensive root 

system of any plant in the world (Osmond et al., 2003).  

2.5. The Ecology of Prosopis Juliflora 

P. Juliflora (Sw.) DC. Is an evergreen tree native to North South America, Central America and 

the Caribbean (Pasiecznik et al., 2004). It is fast growing, nitrogen-fixing and tolerant of arid 

conditions and saline soils (Pasiecznik et al., 2004). It has a large crown and an open canopy and 

can grow to a height of 14 meters (Anonymous, 2003). Its stem is green-brown, sinuous and 

twisted with axial and strong thorns. Its bark is red-brownish and rough and the root system has a 

deep taproot system that allows the tree to reach deep water tables. The leaves are compound 

dark bluish-green and have high tannin content (Pasiecznik et al 2001, Matthews & Brand 2004). 

The foliage is unpalatable for livestock, except for very tender new shoots (Pasiecznik et 
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al., 2004).  A mature P. juliflora tree can produce 40 kg of pods per year, from which 60,000 

seeds can be obtained (Alban et al., 2002). 

Prosopis, being a drought tolerant plant, primarily threatens the Desert and Semi-desert 

scrubland, and Acacia-Comiphora woodland ecosystems of Ethiopia (IBC, 2005). These 

ecosystems account a large proportion of the total land mass of the country and host several 

national parks. They embrace nationally and internationally valuable natural heritages and are, 

particularly, home for pastoralists and agro-pastoralists whose life is dependent on the services of 

these ecosystems (Berhanu & Tesfaye, 2006; IBC, 2005). 

These ecosystems host many animal and plant species, a large number of which are endemic to 

the area. Some of the endemic and endangered plants include Acacia prasinata, Boswellia 

ogadensis, Euphorbia doeloensis, E. ogadensis and Indigofera kelleri. These ecosystems also 

harbor many globally threatened and vulnerable mammal and bird species. Among the 

threatened mamamals are; African Wild Ass (endemic), Grevy’s Zebra and Black Rhinoceros are 

globally threatened (Demissew et al., 1992). 

Although the areas invaded by Prosopis are highly prioritized nationally and internationally, the 

species has continued to degrade these already vulnerable ecosystems at an alarming rate 

(Admasu, 2008; Flintan, 2009; IBC, 2005). It is a highly drought tolerant, fast growing and has 

outstanding coppicing power which gave it competitive advantages over native species of the 

invaded regions. This fact coupled with the already lost natural immunity of the region due to 

severe environmental degradation in the past highly hastened the rate of invasion and aggravated 

the problem posed by the species (Abeyiot & Getachew, 2006; IBC, 2005; Hailu et al., 2004). A 

vast area of land is now invaded and the impact of the species on biodiversity is expected to 

exacerbate in the future (Ryan, 2011). 

2.6. Prosopis juliflora- Noxious and Invasive Weed 

Invasive and exotic Prosopis species have been declared noxious weeds in Australia, South 

Africa, Sudan and Pakistan. The impact of P. juliflora in the UAE has been studied by Essa et al. 

(2006) that showed a great depressive effect on the number, density, and frequency of the 
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associated species, particularly its invasion to native vegetation Prosopis cineraria. It is being 

combated by many municipalities including the municipality of Dubai (Kazmi et al., 2010). 

Invasive Alien Species are found in nearly all major taxonomic groups of organisms. Invasive 

species include viruses, fungi, algae, mosses, ferns, higher plants, invertebrates, fish, amphibians, 

reptiles, birds, and mammals. P. juliflora is one of the invasive alien plant species that are on 

threatening the native plant species. It grows in very hot, dry climates, with the temperature up to 

48°c and annual precipitation from 150 to 750 mm. It is found from sea level to 1500m. The root 

penetrates to great depth in the soil searching for the required water. It can grow in the variety of 

soil types including saline and alkaline areas in sandy and rocky soils. The tissue of P. juliflora is 

photo synthetically active throughout the year, presenting a wide spread root system through 

which the tree fully exploits the available water resources. Its low nutritional requirements and 

resistance to water deficit give Prosopis juliflora a great plasticity of response, which allows its 

wide distribution in arid and semiarid zones in the tropics (Pasiecznik et al., 2001). 

In the 1990s, a growing number of voices were raised against P. juliflora invasion of farmland. 

Complaints came in particular from large landowners growing irrigated cash crops (cotton, 

onions, watermelons, wheat and various vegetables), even though the offending species had 

often been planted by the farmers themselves (Geesing et al. 2004).They are regarded as the 

second greatest threat to global biodiversity (IUCN, 1997). IAS is widely spread in the world and 

are found in all categories of living organisms and all types of ecosystems (Andersson, 2005; 

GEF, 2003). 

 Currently, they are considered to be one of the most serious challenges worldwide to mankind, 

biodiversity and the environment as a whole (ICBI, 2009). They emerged as one of the major 

threats to sustainable development which is comparable to global warming (Preston and 

Williams, 2003).The socioeconomic and ecological damage to the natural environment caused 

by IAS have been conservatively estimated to exceed 1.4 trillion United States of American 

Dollar (USD) annually, or roughly five percent of the global economy (ICBI, 2009). Economic 

impact from introduced species can thus carry a heavy price tag (Andersson, 2005). In the year 

1999, USA alone spent an estimated 590 million USD to prevent and control invasive species 

and in the year 2000, UK spent 111 million USD (Impact, 2005). IAS, therefore, contributes to 
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social instability and economic hardship, by placing constraints on sustainable development, 

economic growth, poverty alleviation and food security. 

2.6.1. Impacts of Prosopis juliflora on Vegetation Composition 

Species composition change during invasion involved both increases and decreases in grass and 

shrub abundance. This was probably because, while P. juliflora generally compete with plants in 

their understory or neighborhood for light, moisture and nutrients. They also act as nurse plants 

for other sub-canopy species by creating ideal microhabitats via nitrogen fixation and shading. 

For example, while he decline in the annual grass A. adscensionis during invasion was most 

likely due to competition for light (shading) from invading P. juliflora the increases in the annual 

grasses C. virgata and S. verticillata, the perennial grass C. dactylon and the non-succulent 

shrubs A. lindleyi and S. tuberculata were most probably in response to the establishment of 

favorable environmental conditions in the sub canopies and neighborhoods of the trees. Aristida 

Adscensionis performs poorly in shade while C. virgata, C. dactylon and the alien non-succulent 

shrub A. lindleyi tolerate shade and are hardy colonisers of bare or disturbed soil (Thabisisani, 

2011). 

Setaria verticillata thrives in nitrogen-enriched shaded environments and S. tuberculata can 

withstand low moisture conditions. Prosopis trees, by denuding their neighbourhood of 

vegetation cover , enriching their sub-canopy with nitrogen and other soil nutrients and lowering 

moisture content in surrounding soil, provide ideal conditions for the establishment and increase 

of such species. Some of the species composition changes that occurred during invasion could 

have been caused indirectly by Prosopis. The loss of A. adscensionis due to shading by Prosopis 

trees, for example, could have intensified grazing pressure on the non-succulent shrub P. incana 

and led to its decline. Invasion and clearing affected the diversity and structure of indigenous 

vegetation by changing grass species richness and cover. P. juliflora compete intensely with 

grasses for light and moisture (Thabisisani, 2011). 
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2.6.2. Impacts of Prosopis Juliflora on Humans, Domestic Animals and Biodiversity 

2.6.2.1. Impacts on Humans and Domestic Animals 

The thorn of P. juliflora causes inflammation when injuries occur. The injury does not heal 

easily despite intensive medical treatment (Abeyiot and Getachew, 2006). The local people are 

also complaining about its effects on health and its rapid colonization of the area. The wood is 

also known to cause dermatitis when it burns. The local people are also complaining a death of 

cattle by feeding on leaves for a long time.  

In the Middle Awash area, P. juliflora is a strong competitive bush with low beneficial traits for 

Afar pastoralists. The bush has reached a level to impair the pastoral livelihoods in different 

ways like (a) reducing pasture availability; (b) inhibiting mobility; (c) having poisonous thorn for 

both the people and their livestock; (d) having pods posing health hazard for livestock; and (e) 

threatening traditions and institutions. The effects mentioned are interlinked and interacting with 

one another to heavily test pastoral way of life in the Middle Awash area putting them extremely 

vulnerable to environmental uncertainties (Zeray, 2015).  

  2.6.2.2. Impacts on biodiversity 

Prosopis juliflora has negative impacts on local farmlands and pasturelands. It creates a physical 

barrier against seedlings of other plant species and make establishment very difficult. Since its 

branches are many, dense, and have evergreen leaves, sunlight will not reach the ground and 

plants under canopy of P. juliflora will not have enough sunlight that is very crucial for 

photosynthesis. This may results in the death of plants under canopy of P. juliflora (Pasiecznik, 

2001). 

The wetlands of Baadu are sources of wide range of ecosystem goods and services. The major 

ecosystem goods and services that are supplied from these floodplains include provisioning 

services such as fodder/grass for livestock, food and cash crops, water for irrigation and home 

use, fuel wood, and timber. Ecosystems in these wetlands also supply regulatory services such as 

flood and erosion regulation. The cultural services provided by the floodplains include secured 

land, mobility and refuge during dry periods. The P. juliflora invasion and associated loss of 
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native wetland vegetation in Baadu have had major impacts on the supplies of a broad range of 

ecosystem services, including regulating (e.g., erosion control), provisioning (e.g., fodder/grass, 

food, fuel wood, water), and cultural (e.g., secured land and mobility) services. Different social 

groups’ use of these services depends on their livelihood systems, resource requirements, and 

resource availability. Thus, the benefits or risks of P. juliflora tend to vary among the major user 

groups, such as the mobile pastoralists, sedentary small-scale agro-pastoralists, and large-scale 

farmers (Yohannes et al; 2014). 

Chaturvedi et al. (1988) indicated the water use efficiency of P. juliflora to be 710 kg H2O/ kg 

dry matter. With other species, 345 kg H2O/ kg dry matter was estimated for P. chilensis (Felker 

et al., 1983). This high level of water use efficiency is related to high evaporation rate of their 

leaves. This makes the water table to lower and unable to be reached by the roots of native plant 

species and results in displacement of the native species with P. juliflora takes place. P. juliflora 

also release allelochemical substances into the soil which may disrupt the physiology and 

moralistic relations present in the native species (Noor et al., 1995; Pasiecznik, 2001). This may 

help Prosopis juliflora to out-compete the local plant species. 

 Similar result was reported by Anteneh, (2017) in Sarkamo, K/buri and Orafita sites, the species 

richness were high at Moderate Prosopis Cover (MPC), 15, 16 and 7, respectively. Similarly, 

Shannon diversity (H’) was high under MPC with the value of 2.50 in Sarkamo, 2.57 in K/buri 

and 1.70 in Orafita. In Sarkamo and K/buri sites, the lowest value of species richness (4 and 2) 

and Shannon diversity (1.08 and 0.7) were recorded under very high Prosopis canopy cover 

(VHPC) plots. Whereas in Orafita site the lowest value of H’ and R was obtained from zero 

Prosopis canopy cover (ZPC) plot 

2.7. Shade impacts of Prosopis juliflora on native plant species  

P. juliflora starts branching close to the ground than the other two tree species. While the 

branches of A. nilotica start further away from the ground than A. tortilis and P. juliflora. This 

made under canopy seedlings establishment difficult as a result of a physical barrier created by 

lower branches. Sunlight that may reach the ground is low as a result of interference with light 



 

 

12 

 

from above and side directions. This results in the death of under story vegetation (Samuel, 

2012). 

 According Ali and Getahun (2017) reported that under canopy soil of P. juliflora has 

allelopathic effects on germination of useful plants in the study area. The topsoil found to have 

more deleterious effects than subsoil on percent of seed germination. This is may be because of 

high accumulation of allelochemicals released from P. juliflora litter fall or from root exudates 

on the surface. In addition, some chemicals found in P. juliflora like alkaloids and flavonoids are 

known to be rapidly degraded following senescence. For the open canopy of P. juliflora light 

prevention cannot explain why grasses eliminated after the introduction of the species. 

Allopathic exudates could be the reason why eastern Ethiopian grasslands invaded by the 

species. Thus, prevention of P. juliflora encroachment in to cultivation areas and reclamation of 

cleared area before cultivation is highly recommended. 

2.8. The Concepts, meaning and Definition of Allelopathy 

The word allelopathy was coined by Plant allelon Physiologist Hans Mollisch in 1937. The root 

word of Allelopathy is derived from the Greek, ''of each other'' and pathos, ''to suffer'' hence it 

means: the injurious effect of one upon another. The formal definition of Allelopathy is, “any 

direct or indirect harmful or beneficial effect by one plant (including microorganisms) on the 

other, through production of chemical compounds that escape into the environment” (Mollisch, 

1937; Rizvi and Rizvi, 1992). The term “allelopathy” refers to chemically mediated interference 

between plants, whereby secondary compounds produced by one species directly or indirectly 

(through affecting soil biota) suppress the growth and fitness of other species (Moral et al., 

1997). 

The “ novel weapons hypothesis ” ( Callaway and Ridenour, 2004 ) proposes that invasive plants 

may have particularly strong allelopathic effects because the plants in the introduced range did 

not coevolve with the invader and are thus more susceptible to its allelopathic substances than 

the plants in its native range. Allelopathic effects likely contribute to the success of several 

important plant invaders, such as spotted knapweed (Callaway and Aschehoug, 2000; Ridenour 
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and Callaway, 2001) garlic mustard (Prati and Bossdorf, 2004; Stinson et al., 2006; Callaway et 

al., 2008), and Canada goldenrod (Yang et al., 2007; Abhilasha et al., 2008). 

Most past research has examined allelopathy as a cause of invasion by using the traditional 

approach, which considers fate, dose, replenishment, and effect of chemicals in the soil 

environment as key factors in determining allelopathic impacts (Inderjit 2001; Hierro and 

Callaway, 2003). Recently however, allelopathy has been explored as a potential driver of 

invasion in the context of the novel weapon hypothesis (NWH), part of which posits that some 

invasive plants may have stronger allelopathic impacts on other species in introduced ranges than 

in native ranges because the former may not be as adapted to specific biochemical signature of 

invaders as species in the native range (Callaway and Ridenour, 2004). 

The concept of allelopathy received new attention in 1974, after the publication of the first book 

in English on allelopathy by Elroy L. Rice. He defined Allelopathy as "the effect(s) of one plant 

on other plants through the release of chemical compounds in the environment" (Rice, 1984a). 

This definition is largely accepted and includes both positive (growth promoting) and negative 

(growth inhibiting) effects. Many ecologists, however, favor definitions including only negative 

effects in allelopathy. Lambers et al. (1998) for example, defined allelopathy as "the growth 

suppression of one plant species by another due to the release of toxic compounds". Kohli et al. 

(1998) and Singh et al. (2001) opined that Allelopathy refers to any direct or indirect effect of 

plants on other plants through the release of chemicals and plays an important role in many agro-

ecosystems. 

Chemicals that impose allelopathic influences are called allelochemicals or allelochemics. In a 

review of the potential use of Allelochemicals as herbicides, Putnam (1988) listed 6 classes of 

Allelochemicals namely alkaloids, benzoxazinones, cinnamic acid derivatives, cyanogenic 

compounds, ethylene and other seed germination stimulants, and Flavonoids which had been 

isolated from over 30 families of terrestrial and aquatic plants. All these chemicals possess actual 

or potential phytotoxicity. According to Rice (1984b) tens of thousands of secondary substances 

out of several hundreds of low molecular weight compounds of primary metabolism are known 

today, but only a limited number has been recognized as Allelochemicals. Rainfall causes the 



 

 

14 

 

leaching of allelopathic substances from leaves which fall to the ground during period of stress; 

leading to inhibition of growth and germination of crop plants (Rice, 1974; Mann, 1987). 

 Biodegradable natural plant products rarely contain halogenated atoms and possess structural 

diversity and complexity, constituting one such class of chemicals and these can act directly as 

herbicides or may provide lead structures for herbicidal discovery (Duke et al., 2000). Selection 

of allelopathic plants is a good and commonly used approach for identification of plants with 

biologically active natural products (Duke et al., 2000). 

The readily visible effects of allelochemicals on the growth and development of plants include 

inhibited or retarded germination rate; seeds darkened and swollen; reduced root or radical and 

shoot or coleoptile extension; swelling or necrosis of root tips; curling of the root axis; 

discoloration, lack of root hairs; increased number of seminal roots; reduced dry weight 

accumulation; and lowered reproductive capacity. These gross morphological effects may be 

secondary manifestations of primary events, caused by a variety of more specific effects acting at 

the cellular or molecular level in the receiver plants (Rice, 1974).  

Allelopathy is currently defined as the negative effect of one plant on another through the release 

of chemical compounds into the environment (Inderjit and Callaway, 2003). Allelopathic effects 

are largely determined by (i) the dose of chemicals exuded, (ii) chemical, physical, and microbial 

components of soil that decide the fate of chemicals in the environment, (iii) replenishment of 

allelochemicals, and (iv) responses of neighboring species (Inderjit and Weiner ,2001). 

2.8.1. Allelopathic effects of Prosopis Juliflora 

Allelopathy is one of the interesting properties found in some plants as Prosopis species with a 

depressive effect on the associated flora attributed to the release of chemicals that affect other 

plants (Ridenour and Callaway, 2001; Brewer, 2002; Bais et al., 2003). Moreover, the negative 

impact of the plant could be through light deprivation, competition for water and nutrient, or 

leaching of Allelopathic compounds (Nobel, 1989; Moro et al., 1997; Barnes and Archer, 1996). 

Allelochemicals are plant metabolites or their products that are released into the environment and 

may affect neighboring organisms by reducing cell membrane permeability, disrupting mineral 

uptake or damaging genetic material (Mattner, 2001; Rizvi and Rizvi, 1992; Halbrendt, 1996). 
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These species are causing enormous damage to biodiversity and on agricultural systems we 

depend on. Health effects on human beings and animals are increasing and impacts on 

biodiversity irreversible. Introduced alien species outcompete, infect or transmit diseases, 

compete, attack, or hybridize with native ones (Wittenberg and Cock, 2001). 

In addition, several studies reported the presence of allelopathic compounds in P. juliflora. For 

example, Kaur et al. (2012) detected the L-tryptophan in leaf leachates of P. juliflora. Nakano et 

al. (2001) suggested that L-tryptophan may play an important role in allelopathy of P. juliflora 

leaves.  This allelopathic interference has been argued to be one of the mechanisms by which 

exotic may become successful invaders (Inderjit et al., 2008; Stinson et al., 2006). 

 In a recent study by Saadoun et al. (2014), the effect of the organic and aqueous extracts of the 

invasive plant P. juliflora and the exotic Prosopis cineraria were evaluated on the growth of soil 

microbiota, different Gram-positive and Gram-negative bacteria, and on seed germination of two 

desert plants. 

2.9. Controlling Methods of Prosopis Juliflora  

Prosopis species are recognized as problematic woody weeds in many countries world-wide. But 

control programs have been implemented for only temperate species while intervention programs 

for the tropical species (P. juliflora) has not yet been implemented. There are four kinds of 

controlling mechanism: mechanical, chemical, fire and biological (Pasiecznik et al., 2001). 

2.9.1. Mechanical Methods   

Many efforts have been done to eradicate and control P. juliflora from its areas of invasion. 

Geesing et al. (2004) categorized the eradication methods into three broad types:  Mechanical; 

plants are removed by machine or people mechanically by hand pulling, cutting, hand digging or 

mechanical uprooting. This is severely done in Gash, Sudan and Afar, Ethiopia but it didn’t give 

the expected result, due to lack of maintenance. In Australia several mechanical methods have 

been used. This is stick racking (best results are achieved when soil moisture is sufficient to 

allow machinery to work with minimum strain, but soil is dry enough so the root system 

desiccates), chain pulling (may kill up to 90% of trees in a mesquite infestation.  
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However, his effectiveness of control may be reduced when either very dense infestations or a 

high proportion of young trees and seedlings are present) bulldozer pushing and blade ploughing. 

In this method, all the trees will be cut and all the seedlings and stumps uprooted. The operation 

is too labor intensive and expensive. Hand clearing remains practical only for small landholdings 

of high value such as for agriculture, or where labor is relatively cheap. Mechanical controlling 

can be carried out with tractors operated machines, but effectiveness is limited by tree size, and it 

is more cost effective in lighter infestation.  

2.9.2. Chemical Methods  

Chemical control has supremacy over other control methods due to its quick action and time 

saving. In India, ammonium sulphamate was successful in killing Prosopis juliflora trees and as 

a stump treatment (Panchal and Prabhakar’Shetty, 1977). 2, 4-D i.e. 2,4 -Dichlorophenoxy acetic 

acid provided excellent suppression of top growth, few trees were actually killed and such 

chemical treatments had to be applied periodically to ensure that forage yields were maintained. 

Infested sites often needed spraying over 5-7 years.  

The most effective chemical for high tree kill of Prosopis glandulosa in the USA is clopyralid, 

but dicamba, picloram and triclopyr have also been successfully used either alone or in 

combination (Jacoby and Anseley, 1991). However method of control using chemicals is very 

expensive and largely unsuccessful in the long term. It has been accepted that using herbicides, 

eradication of vegetations are possible but the potential environmental damage (non-

Glycophosphate based herbicides) from widespread use of some herbicide must also be taken 

into consideration. 

2.9.3. Biological Control 

Several biological control mechanisms have been developed and implemented. These use species 

of Prosopis juliflora seed feed by bruchid beetles. In the native range, bruchid beetles can 

destroy substantial amounts of seed produced, thus severely limiting the potential for invasion. 

For example, according to Lima, (1994; cited in Pasiecznik et al., 2001) the twig girdler 

Oncideres limpida attack P. juliflora in Brazil. Biological control also involves animals besides 

insects to eat and kill seeds. Prosopis species seeds when passed through the gut of cattle, they 
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would germinate better. So replacing these livestock with others such as sheep and pigs can 

prevent the expansion of Prosopis (Pasiecznik et al., 2001). This is because of the seeds lose 

their viability during passing through the gut of these animals. 

2.9.4. Fire Control 

Fire is another controlling method and original management tool of invasive species. Young 

seedlings are sensitive to fire but older trees become increasingly protected by thick bark as they 

mature and will re-sprout rapidly after fire. Fire can, however, be used successfully as a 

management tool for preventing the re-establishment of young Prosopis species seedlings while 

also improving forage production. 

Reports on cattle toxicity vary Lewis and Elvin-Lewis (1977) report that ingestion over long 

periods of time will result in death in cattle. Further, they report that the pollen may cause 

allergic rhinitis, bronchial asthma, and/or hypersensitivity pneumonitis Kingsbury (1964) goes 

into some detail on mesquite poisoning in cattle, including cases where autopsies showed pods 

and seeds in the rumen 9 months after the cattle could have ingested them. Mesquite poisoning 

may induce a permanent impairment of the ability to digest cellulose. 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted at the Southern parts of Afar National Regional State, in particularly, 

Amibara administrative district of Gabi-Rasu (zone 3). The study area  is located 09°28'09.4'' N - 

09°17'18.8'' N and 40°18'53.8'' E - 40°10'08.1'' E, about 285 km north-east of Addis Ababa at an 

altitude of 740 m (WARC, 2004). Amibara district covers the flood fed pastures and temporary 

wetlands. The district shares boundaries with Dulecha and Awash Fentale districts in the West 

and South West; Awash Fentale district and Oromia Region in the South and South East; and 

Oromia Region in the East and Gewane district in the North. From the total area of the Gabi-

Rasu Zone, Amibara District covers about 17% of the land area (Shetie, 2008). 
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Figure 3.1 Location map of the study 

3.1.1 Climate  

Thirty years meteorological data from Werer Agricultural Research Center shows bimodal type 

of rain fall in Middle Awash Rift valley area. July and August are the wettest months with mean 

monthly rain fall greater than 100 mm. The second rainy season is from February to April. The 

rainfall reaches around 70 mm. The area is characterized by high moisture deficit because of 

high evapo-transpiration. Mean annual evapo-transpiration is 2702 mm which much exceeds 

mean annual rainfall of the area which is about 562 mm. The mean maximum temperature is 

34.1
o
C and the minimum mean temperature is 19

o
C.The maximum and the minimum 

temperatures are 38
o
C and 14.2

o
C in June and November respectively (WARC; 2004). 
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Figure 3.2 Mean monthly rain fall and maximum and minimum temperature for the last thirty 

years in the study area. 

(Source: Werer Agro-meteorological Station (WAS)) 

3.1.2 Land use land cover 

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

generally classified into state farm, open bushland, bushland, shrub land, open grassland, 

seasonal marshland, and bare land. 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 (Shetie, 2008). 

3.1.3 Soil of study area 

According to WARC (2003/2004), there are two soil types and based on FAO/UNESCO 

classification they belong to Vertic cambisols and Calcic Cambisols.  The pH of the soil is 

alkaline and ranges from 8.1 to 9.1. The organic matter (OM) content is low and ranges from 0.5 

- 1.9%. 
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3.1.4. Livelihoods  

The livelihood of pastoral community in the study area is mainly depends on livestock 

production. However shifting their Rangelands into Prosopis encroachment leads to lose the 

most important forage resources and massive lose in viability of livestock production. As the 

result the livelihood of pastoral community deliberately disturbed in the study area.  

 3.2. Sampling Techniques, Sample Collection and Preparation 

3.2.1 Selection of Site and Grass Species  

Gabi-Rasu (Zone three) is one of five Administrative Zones of Afar National Regional State, and 

consists of six Administrative districts including Arguba special district (namely Amibara, 

Awash Fentale, Galalu, Dulecha, and Gewane). Among those districts Amibara was purposely 

selected, due to accessibility of road, degradation of rangeland resources, and high infestation of 

P. juliflora, which relays severity impacts on the livelihoods of the community. Accordingly the 

following five localities (kebeles): (Melka-Werer, Sarkamo, Awash-Arba, Alaydagi, and 

Kurkura) were selected to represent the district.  A total of twenty sample plots were selected 

(four plots from each localities/ kebeles). Three most important and predominant pasture grasses 

before the invasion of P. juliflora were carefully chosen and seeds of grasses were collected from 

Gene bank of Werer Agricultural Research Centre. These Grasses are (C. Cillaris L. (white), p. 

desertorum (A.Rich) Stapf and L. nutans Stapf).  

3.2.2 Determination of Soil Seed Bank 

The sample quadrats measuring 20m X 20m area were laid out and the soil samples from each 

quadrat were taken from 5 sub-quadrats/m
2
, one from the center and four from the corners, at 

two depths (0-3cm and 3-10 cm) to explore a possible variation in the depth of the distribution of 

the seeds within the same sample quadrats of the soil. The soil samples from the identical layers 

were mixed in plastic bags to form composite sample (Lisanework et al (2010) and Shashie et al. 

(2013). Finally, the composite samples were transported to the Haramaya University to conduct 

germination test in the greenhouse.  
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In the greenhouse, the soil samples were spread thinly (2 cm thickness) over sterilized soil in 

shallow trays (20 cm x 25 cm) placed on a bench.  Two control trays spread only with sterilized 

soil was also placed along the experimental trays to monitor for greenhouse contamination. 

Water was applied to each tray to keep it moist. The emerged and readily identifiable seedlings 

were counted, recorded and discarded every week. The species which was difficult to identify at 

the seedling stages was counted, labeled, transplanted and was grown separately till it was 

certainly identified. Each month, the soil samples were stirred to stimulate more seed 

germination. The experiment was continued for six months to allow species with long term 

dormancy to germinate. The emergence values from a tray was converted to those possible from 

an area of one m
2 

the soil seed Bank. 

3.2.3 Biomass Experiment 

The seeds of selected grass species were sown in earthen pots. The soil was consisted of a 

mixture of river sand, silt and humus in the ratio of 1:1:2. The seedlings were thinned to a three 

plant/pot. The treatment was started after the 3
rd 

leaf has emerged. Before sowing, the seeds were 

surface sterilized with 15% sodium hypochlorite. All the experimental plants were grown under 

outdoor conditions in sunlight in the greenhouse of Haramaya University. The pots were watered 

with different concentration of aqueous extracts of P. juliflora (1% 2.5%, 5%, and 10%) of the 

test plants on alternate days. Control plants were irrigated with normal water. There were three 

replicates for each treatment and the pots were completely randomized. The biomass production 

was determined at the end of the experiment.  

3.2.4 Preparation of Leaf, Bark and Root Aqueous Extract 

Fresh leaves, bark and root from several mature stands of P. juliflora were collected from Melka-

Werer in Amibara district, air dried and mixed. The dried plant materials were ground to fine 

powder in a Tecator Cyclotec 1093 Sample Mill and were used for bioassay and pot experiment 

studies. Aqueous extracts were prepared using the extraction procedures of Heisey (1990). Ten 

grams of each leaf, bark and root powder were dissolved separately in 100ml of distilled water in 

conical flasks and shaken for four hours. Following extraction, the solution was filtered through 

double layers of cheese cloth and filter paper, the volume was made up to 100ml with distilled 
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water and kept at 4
0
C until application. The aqueous extract of the leaves, bark and roots have 

been prepared at 0%, 1%, 2.5%, 5% and 10% concentrations to examine the osmotic potential 

diffusions  (Lisanework and Michelsen, 1993). All extracts were used for the germination 

bioassay, whereas concentrations of 0%, 1%, 2.5%, and 5% were applied in plant growth 

experiment.   

3.2.5 Germination Bioassay 

Three most important and predominant pastoral grasses before Prosopis invasion in the study 

area were purposely selected and the seeds of grasses were collected from the Gene Banks of 

Werer Agricultural Research Centre. Seeds of three grass species: C. Cillaris L. (white), P. 

desertorum (A.Rich) Stapf and L. nutans Stapf have been germinated following the methods of 

Heisey (1990). The filter paper was moistened with 5ml of the aqueous extracts’ concentration of 

leaf, bark and root (1% 2.5%, 5%, and 10%) of P. juliflora and distilled water in case of the 

control. Twenty-five seeds were spread out on two sheets of filter paper placed in Petri-dishes. 

There was three replicate Petri-dishes for each type of extract concentration and recipient 

species. The Petri-dishes have been randomized and incubated at 20°C in darkness in sealed 

plastic bags. Germination percentage, plumule and radical length were measured 48 hrs after the 

onset of germination. 

Germination (%)   =  100
min

min
x

ationgerforplacedseedsofNumber

atedgerseedsofNumber
 

 

 3.3 Data Analysis 

The diversity of the species in the soil seed bank under the canopy of Prosopis juliflora in the 

rangeland of Amibara was compared using Shannon Diversity Index (Shannon 1963). The index 

was used to assess the impact of Prosopis juliflora on herbaceous plant species diversity. The 

higher value of the index of the diversity indicates variability in the type of species and 

heterogeneity in the community where as the lesser values show the existence of homogeneity in 

the community. 
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Where,  H’ = Shannon index of diversity 

Pi = the proportion of important value of the i
th

 species (pi =ni/N, ni is the      

important value index of i
th

 species and N is the important value index of all the species). 

In addition, the evenness of the species was calculated as suggested by Hill (1973): 

                                                                                 s

H
E

ln

)exp(


  

Evenness index indicates as to how equally abundant each species would be in the plant 

community where high evenness shows that the ecosystem is healthy as there is no species in the 

ecosystem that dominates other species. Evenness or equitability assumes a value of 0 to 1, 

where 1 show for complete evenness and 0 indicates the dominance of a single species in the 

area.  

The similarity of the soil seed bank flora and the above-ground vegetation were compared using 

Jaccard’s coefficient of similarity (JCS) as described by Ludwig & Reynolds (1988).
 

JCS =
cba

a


 

 Where:  JCS= Jaccard’s coefficient of   similarity; 

   a= species common to quadrat 1 and 2;  

  b= species present in quadrant 1 but absent in quadrat 2;  

  c= species present in quadrat 2 but absent in 1.  

The coefficient has a value from 0 to 1, where 1 indicates complete similarity and 0 shows 

complete dissimilarity.  

 

Analysis of variance were undertaken, and the means were compared using Duncan’s multiple 

range test at 5% level of significance when ANOVA showed the occurrence of a significant 

difference for each of the variables under consideration.  

The data collected on germination bioassay and greenhouse experiment were subjected to 

analysis of variance using SAS (version 9) software program. Simple descriptive statistics, one 
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way ANOVA and Duncan’s multiple range tests were used for data analysis. All data were tested 

at p<0.05 level in order to investigate if significant differences existed among treatments. 
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4. RESULTS AND DISCUSSION 

4.1 Effects of Prosopis juliflora on soil seed bank herbaceous plant species 

diversity 

4.1.1 Composition of Herbaceous Vegetation in soil seed bank 

Species diversity, composition, richness, and evenness were studied in the soil seed bank 

samples that were collected under the canopy of P. juliflora. The floral diversity result showed 

that  the  total composition of 38 herbaceous species /m
2
 were emerged in the  upper and lower 

layer (0-3cm and 3-10cm) of the soil seed bank samples, 27 were forbs (18 annual and 9 

perennial), 10 grasses (7 perennial and 3 annual) and 1 perennial shrub species (Appendix Table 

1). Total of thirty eight herbaceous species belonging to 16 families were identified in the soil 

seed bank/m
2
. From those 16 families Poaceae was recorded high 10 (62.5%), Fabaceae, 

Amaranthaceae and, Acanthaceae had contributed 12 (25%) species in the soil seed bank. 

Euphorbiaceae and Lamiaceae together contributed to (18.75%) of the total species, while each 

of the rest ten families contributed 1 (6.25%) from the total families (Appendix 1).   

The three top frequent families in the study area were Poaceae, Asteraceae, and Lamiaceae 

which had contributed 12 (25%), 8 (16.7%), and 6 (12.5%) species in the SSB. Fabaceae and 

Solanaceae together contributed to 25% of the total species while the rest of the families 

contributed to 20.8% (Wakshum et al, 2019). Most of the recovered species from the soil seed 

bank were grasses and herbs. So far only two P. juliflora seedlings have germinated from the low 

and medium invaded soil seed banks (Anna et al., 2014).  

4.1.2 Species Richness, Diversity and Evenness 

Species diversity, richness and evenness were determined under different Prosopis canopy soil 

seed bank within same sample plot at two depth (0-3cm and 3-10cm) from five sites in Amibara 

rangeland (Table1). The highest values of species diversity were recorded in the upper layer (0-

3cm) soil seed banks, under open canopy of Prosopis juliflora with the value of (3.17, 3.15 and 

3.04) in Alaydagi, Kurkura and Awash-arba respectively. While the least diversity values of 

(1.79 and 2.77) was recorded in Sarkamo and Melka-werer (Table 1). The highest Species 
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richness of (21, 24, 28 and 30) were recorded in (Melka-werer, Awash-arba, Kurkura and 

Alaydagi). While the least values of species richness of (8) was recorded in Sarkamo (Table 1). 

Whereas, the highest values of (0.91, 0.93, 0.94, and 0.95) species evenness were observed in 

(Awash-arba, Kurkura, Alaydagi and melka-werer). But the least evenness of species was 

recorded in Sarkamo with the value of (0.86) at depth of 0-3cm.Therefore, when species richness 

decreasing, the diversity, and evenness was also decreased in the upper layer of soil seed banks 

(Table 1).   

Species diversity, richness and evenness were also determined in similar sites with possible 

variation of depth at (3-10cm). The highest value of (2.75, 2.69 and 2.59) species diversity were 

recorded in Awash-arba, Sarkamo and Alaydagi. Where, the least value of (, 2.54 and 2.54) 

species diversity were also recorded in Sarkamo and Melka-Werer. The Highest Species richness 

values of (21, 17, and 16) were recorded in Awash-arba, Sarkamo and Kurkura. While the least 

species richness values of (14 and 13) were recorded in Alaydagi and Melka-werer (Table 1).  

High species evenness values of (0.95, 0.98 and 0.99 and) were recorded in the lower layer soil 

seed bank of Prosopis under canopy with the value of (0.90 and 0.92) in Kurkura and Awash-

arba respectively. Species Diversity and Richness were higher in the upper layer (0-3cm) soil 

seed bank flora (2.77, 3.04, 3.15, and 3.17) and (21, 24, 28, and 30) than the lower layer (3-

10cm) with the value of (2.54, 2.54, 2.59 and 2.69) excluding Sarkamo (Table 1). 
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Table 4 1 Effects of Prosopis juliflora on under canopy soil seed bank flora 

 

 

  

 

 

 

 

 

 

 

The highest values of species diversity were recorded in upper layer of soil seed bank samples of 

three localities of the study area. Those localities were: Awash-arba, Alaydagi and Kurkura, with 

the value of (3.17, 3.15 and 3.04) respectively. Species diversity was high in under open canopy 

soil seed bank than under closed canopy soil seed bank. Simultaneously species diversity 

declined in under closed canopy soil seed bank with the value of (2.77 and 1.79) in Melka-Werer 

and Sarkamo. This might in part be due to high accumulation of allelochemicals, low light and 

humidity within under closed canopy of P.juliflora. The invasion of exotic species of P.juliflora 

is the main driving force to Eradicate predominantly pastoral lands, rangelands that the 

livelihood of the pastoral community depends on livestock productions. Its toxicity, 

aggressiveness and fast growing and propagating a vast area with in short time leads to Massive 

loss in biodiversity and declining livestock productivity as well (Table 1).   

Similarly species richness and evenness has recorded high value of (30, 28 and 24) in Awash-

arba, Alaydagi and Kurkura under open canopies upper layer of soil seed bank samples, while 

the richness was declined in under closed canopy soil seed bank in Melka-Werer and Sarkamo 

sites having the same values of (21). The result showed that when increasing species richness 

Site name Depth Diversity (H) Richness       Evenness 

Prosopis Free area 

Awash-arba 

Control 2.73287 37 0.756835 

0-3cm 3.040129 24 0.9566009 

3-10cm 2.749246 21 0.903014 

Melka-Werer 0-3cm 2.775649 21 0.911686 

3-10cm 2.540036 13 0.9902871 

Sarkamo 0-3cm 1.796494 8 0.8639311 

3-10cm 2.690829 17 0.9497444 

Kurkura 0-3cm 3.158939 28 0.9480028 

3-10cm 2.545716 16 0.918173 

Alaydagi 0-3cm 3.171369 30 0.9324271 

3-10cm 2.599302 14 0.9849358 
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and the diversity was also increased in under open canopy upper layer soil seed bank samples, 

while decreasing richness in under closed canopy the diversity also decreased. This indicates that 

the tree has high growth retarding potential on it’s under canopy soil seed bank flora and in the 

lower layer soil seed bank samples (Table 1).  

As compared to the controls species richness was slightly reduced in all soil seed bank sampling 

areas of Amibara rangeland. There was high variation of effects among soil seed bank sampling 

site and between soil seed bank depths. In the upper layer (0-3cm) soil seed bank samples in 

under open canopies of P. juliflora, species richness was higher than closed canopy. But 

diversity and evenness was recorded higher value than control/to not invaded area. In the lower 

layer of soil seed bank, species diversity, richness and evenness were highly inhibited as the 

result of high accumulation of poisonous allelochemical compound that found from different 

parts of P. juliflora as a litter that percolates into the lower layers of under canopy soil seed bank. 

This can have more opportunity to delay early growth of species in its understory. Accordingly 

species richness, diversity and evenness has declined (Table 1).  

Similar finding was reported by Kumar & Mathur (2014) that the possible factors responsible 

include the facilitation effects of P. juliflora (e.g. P. juliflora leaf litter enriching the soil, its 

canopy providing shade or trapping wind born plant propagules).  Now it is considered a major 

threat because of its invasive nature. P.juliflora has an aggressive invasive character invading 

pastureland irrigated cultivated lands and irrigation canals causing an irreversible displacement 

of natural pasture grasses as well as native tree species (Kassahun et al., 2004).A vast area of 

land is now invaded and the impact of the species on biodiversity is expected to exacerbate in the 

future (Ryan, 2011).  Anteneh (2017) was also reported similar result in Sarkamo and K/buri 

sites, the lowest value of species richness (4 and 2) and Shannon diversity (1.08 and 0.7) were 

recorded under very high Prosopis canopy cover (VHPC) plots. Whereas in Orafita site the 

lowest value of H’ and R was obtained from zero Prosopis canopy cover (ZPC) plot. 

 4.1.3. Jaccard’s Coefficient of Similarity 

Jaccard’s coefficient similarity index displayed high species similarity of (55.6%) in the upper 

soil seed bank layers at (0-3cm) in Melka-were and Sarkamo. Whereas, species similarities of 
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(45.2%) were obtained in the lower layer soil seed banks in Awash-arba and upper layer soil 

seed bank in Alaydagi respectively. While species similarity was decreased as (31.8%) in the 

lower layer soil seed banks in Sarkamo and Kurkura. However, species similarity decreased in 

the lower soil seed bank than the upper soil seed bank layers of under P. juliflora canopy. There 

might be more allelochemical residues in the lower soil seed bank layers than that of the upper 

soil seed bank that highly decreases species similarity (Figure 2). 

The total number of germinated species in the soil seed banks was lower (64 species) than the 

total number of species recoded in the understory vegetation 87 species. The total number of 

annual and perennial grass species emerged from the soil seed banks was lower than the total 

number of grass species recorded in the understory vegetation (Tessema et al., 2017). 

  

Figure 4.1 Jaccard’s Similarity between the soil seedbank flora and aboveground vegetation 

Site Names S1=Awash-arba, S2= Melka-Werer, S3= Sarkamo, S4= Kurkura and S5= Alaydagi  

Depth: D1= 0-3cm, D2= 3-10cm 

4.2 Allopathic Potential effects of P. juliflora 

4.2.1 Seed Germination percentage 

Seed germination of C. cillaris, P. desertorum and L. nutans were significantly inhibited by the 

mean interaction of Leaf, Bark and Root aqueous extracts’ of P. Juliflora at (p<0.05) (Table1). 
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Seed germination of C. cillaris was not affected by all mean interaction of leaf, bark and root 

aqueous extracts’ of P. juliflora. Whereas, seed germination of P.desertorum was significantly 

inhibited by leaf at (42.13) and L.nutans at bark (52.93) aqueous extracts of Prosopis juliflora 

but not highly significant. While, Seed germination of C. cillaris were facilitated by all leaf, bark 

and root and P. desertorum at leaf, bark aqueous extracts of P. juliflora  (Table2).   

 Similar study reported that, seed germination of C. gayana significantly inhibited by all types 

(of) extracts, but P. maximum was inhibited significantly only by leaf extracts. Leaves had the 

most Allelopathic effect followed by litter fall and roots extracts (Ali and Getahun, 2017).  

Inhibitions of seed germination especially the grasses and seedling growth of all study species by 

leaf and root extracts at higher concentrations indicate P. juliflora release growth retarding 

substances (Samuel, 2012). Although, 2016 Huda reported that the aqueous extracts from 

different parts of P.juliflora on the final germination percentages of seeds and early growth of 

seedling of various test crops after four days of sowing. The root extract of P. juliflora possesses 

allelopathic chemicals as proved by mung bean and mustard seed germination assays 

(Gunarathne and perera, 2016).  

Table 4 2 Results from Means of seed germination percentage of C. cillaris, L. nutans and P. 

desertorum subjected to different aqueous extracts and concentrations of P. juliflora. 

Species  Extract type 

Leaf   Bark  Root  

C.cillaris 54.80bc 53.20bc 58.27ab 

P.desertorum 42.13d 48.00cd 52.80bc 

L.nutans 65.47a 52.93bc 64.93a 

LSD at (P<0.05) for the interaction of species and extract type=7.750 DF=90, se=10.683, 

CV=19.5% 

Species    Concentration in (% ) 

0 1 2.5 5 10 

C.cillaris  99.33a 50.22cd 43.11cde 42.67de  41.78de 

P.desertorum 98.67a 50.22cd 33.78ef  29.33f 26.22f 

L.nutans 98.00a 62.67b 52.89bc 48.00cd 44.00cd 
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LSD (0.05) = 10.005 for the interaction species and concentration, DF=90, SE=10.683, CV (%) 

=19.5% 

Seed germination of C.cillaris, P.desertorum and L.nutans were significantly inhibited by all 

Leaf, Bark and Root aqueous extract concentration levels of P. juliflora at (p<0.05) when 

compared to the control. C.cillaris seed germination was significantly suppressed at (2.5%, 5% 

and10%) concentration levels as compared with the control. Whereas, P.desertorum and 

L.nutans seed germination were retarded from small to high concentration levels as compared to 

the control but not exhibited highly significant among concentration levels (Table 2).  

Whereas, seed germination of P. desertorum was deliberately inhibited by all concentration 

levels but very highly significantly suppressed at (10%) when compared to the control and the 

least significant inhibition was displayed on L. nutans seed germination at (1%) with all 

concentration levels as compared to the control (Table 2). 

Rainfall causes the leaching of allelopathic substances from leaves which fall to the ground 

during period of stress; leading to inhibition of growth and germination of crop plants (Rice, 

1974; Mann, 1987). For extract-treated seeds, germination was reduced with increasing 

concentrations of the aqueous extracts. Litter and leaves seem to have greater inhibitory effects 

than roots. In comparison to control, germination of A. ehrenbergiana decreased about 61% 

when treated with 50% litter extract and about 53% when treated with 50% leaf extract. The 50% 

root extraction reduced the germination of A. ehrenbergiana and A. tortilis by about 39 and 

13%, respectively (Mahdhi et al., 2018). 

4.3. Seedling growth 

4.3.1 Plumule length 

Plumule length of C. cillaris, P. desertorum and L. nutans were significantly affected by all 

interactions of concentration at (P<0.05) when compared to the control (Table 4). 

The seedling growth of C. cillaris plumule length (cm) was simultaneously reduced from small 

to high concentration levels but, highly significantly affected at (10%) when compared to the 

control (Table 4).  
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Table 4 3 Means of plumule length (cm) of C. cillaris, P. desertorum and L. nutans subjected to 

aqueous extracts concentrations of leaf, bark and root of P. juliflora. 

Species  Concentration in (%) 

0 1 2.5 5 10 

C.cillaris 2.3373b 0.3764e-g 0.2493fg 0.1920fg 0.1160g 

P.desertorum 4.1587a 1.6067c 0.9676d 0.6338e 0.4716ef 

L. nutans 1.5907c 0.4542ef 0.4249ef 0.3159fg 0.2299fg 

LSD at (p<0.05) = 0.3003, for the interaction of species and concentration, DF=90, SE=0.3207 

CV (%) =34.1  

Whereas, the Plumule length of P. desertorum was suppressed from small to higher 

concentration levels but very highly significant effect exposed at (10%) concentration when 

compared to the control, L. nutans plumule length was also exhibited highly significant 

inhibition at (10%) while the least significant effect was displayed at (1%) as compared to the 

control (Table 4). 

Allelochemicals are metabolic bi-products which cause growth inhibition for neighboring plant 

by affecting physiological processes such as respiration, cell division, alteration of osmotic 

potential, decreasing of shoot turgor pressure (Maryam et al., 2013).   

4.3.2 Radical length  

Radical growth of C.cillaris, P.desertorum and L.nutans were significantly suppressed by the 

mean interactions of different aqueous extract concentration at (P<0.05) of P. juliflora (Table 5).  

Table 4 4 Means of radical length (cm) of C. cillaris, P. desertorum and L. nutans subjected to 

aqueous extracts concentrations of leaf, bark and root of P. juliflora. 

Species Concentration in (%) 

0 1 2.5 5 10 

C. cillaris 1.444ab 0.2049e-g 0.1267fg 0.1098fg 0.0560g 

P.desertorum 2.7053a 0.5933e 0.4036d 0.2027e-g 0.1862e-g 

L. nutans 1.5907b 0.4542cd 0.4249cd 0.3159de 0.2299ef 
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LSD at (p<0.05) =0.1686 for the interaction of species and concentration, DF=90, SE=0.1800, 

CV (%) =29.8 

The radical length growth of C. Cillaris was drastically reduced at all concentration levels, but 

very significantly inhibited at (5% and10%) concentration when compared to the control. The 

seedling growth of radical length of P. desertorum and L. nutans have showed a significant 

effects at all concentration but likely suppressed at higher concentration levels (5% and 10%) 

when compared with the control (Table 5).  

Both shoot and root growth of all selected plant species was significantly (p<0.05) reduced by 

the root extract of P. juliflora except F. leucopyrus in which showed reduction of root growth. 

Allelopathic compounds dissolved in water  is taken up by plant roots, these contact with the root 

before reaching shoot parts and these may be the reason for high suppression of  root growth 

(Perera and Jayasinghe, 2012).  

The readily visible effects of allelochemicals on the growth and development of plants include 

inhibited or retarded germination rate; seeds darkened and swollen; reduced root or radical and 

shoot or coleoptile extension; swelling or necrosis of root tips; curling of the root axis; 

discoloration, lack of root hairs; increased number of seminal roots; reduced dry weight 

accumulation; and lowered reproductive capacity. These gross morphological effects may be 

secondary manifestations of primary events, caused by a variety of more specific effects acting at 

the cellular or molecular level in the receiver plants (Rice, 1974).  

4.4. Greenhouse experiment  

4.4.1 Fresh shoot biomass  

Fresh shoot biomass weight of C.cillaris, P.desertorum and L.nutans were significantly affected 

by leaf, bark and root aqueous extracts at (P<0.05) in all concentration levels when compared to 

the control (Table 5).  
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Table 4 5 Results from FSB weights of C. cillaris, L. nutans and P. desertorum subjected to 

different aqueous extracts concentration of P. juliflora. 

species  extract type                      Concentration in (%) 

 

C.cillaris 

 

Leaf 

0 1 2.5 5 10 

97.00e 44.83j-l 35.37l-r 30.67o-u 23.7t-w 

Bark 97.00e 41.80k-m 29.57p-u 25.37s-w 18.47vw 

Root 97.00e 40.57k-n 34.17m-s 36.17l-q 21.33u-w 

P.desertorum Leaf 160.75a 112.07c 82.43f 57.23h 41.77k-m 

Bark 160.75a 133.77b 106.50cd 80.38fg 51.97h-j 

Root 160.75a 96.57e 72.23g 59.93h 39.33k-o 

L. Nutans Leaf 55.07hi 46.13i-k  38.07k-p  31.67n-t 31.50n-t 

Bark 55.07hi 36.50l-q 30.00o-u 26.07r-v 16.03w 

Root  55.07hi 28.37q-u 28.73p-u 27.90q-v 25.23s-w 

LSD at (p<0.05) =9.50 for the interaction of species, extract type and concentration, DF=90, 

SE=5.856, CV=10.1%  

Fresh shoot biomass weight of C.cillaris and L.nutans were highly significantly eliminated by all 

leaf, bark and root aqueous extract concentrations of P. juliflora as compared with the control, 

but bark at (10%) exposed very highly significant inhibition on fresh shoot biomass weight of C. 

cillaris and L. nutans. While the least significant effect was exhibited on fresh shoot weight of P. 

desertorum at (1%) of bark aqueous extracts when compared with the control (Table 5).However 

the fresh shoot biomass weight of P. desertorum was significantly affected by all leaf, bark and 

root aqueous extract concentration levels, but leaf and root exposed more effects at (5% and 

10%) on fresh shoot biomass weight of P. desertorum as compared to the control (Table 5). 

When increasing the level of aqueous extract concentrations, the biomass weights of all grasses 

species was highly suppressed. Due to high allelochemical compounds that found in leaf, bark 

and root of P. juliflora (Table 5).   

Qayyum et al (2018) was reported that Mesquite leaf extracts significantly reduced the root fresh 

weight of the tested grasses. More reduction in root fresh weight was found in C. cillaris whereas 

less reduction was recorded in P. antidotale.  
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4.4.2 Dry shoot biomass  

Dry shoot biomass weight of C. cillaris, p. desertorum and L. nutans were significantly reduced 

at (p<0.05) by all aqueous extract types of P. juliflora (Table 6). Dry shoot biomass weight of P. 

desertorum was not affected by leaf, bark and root aqueous extract interactions. While C.cillaris` 

dry shoot biomass weight was significantly affected by root and L. nutans by leaf aqueous 

extract interactions. (Table 6).  

Table 4 6 Results from DSB weights of C. cillaris, L. nutans and P. desertorum subjected to 

different aqueous extracts and concentrations of P. juliflora. 

Species Extract type 

Leaf   Bark  Root  

C.cillaris 13.82bc 13.09c 14.91b 

P.desertorum 25.06a 26.30a 25.27a 

L.nutans 13.34c 9.87d 10.29d 

LSD at (p<0.05) =1.503 for the interaction of species and concentration, DF= 90, SE=2.072, CV 

(%) =12.3 

Species    Concentration in (% ) 

0 1 2.5 5 10 

C.cillaris  24.64c 15.18f 12.30gh 10.41h 7.17i 

P.desertorum 41.71a 32.55b 22.13d 17.87e 13.44fg 

L.nutans 20.53d 11.34h 8.46i 8.22i 7.28i 

LSD at (p<0.05) =1.940 for the interaction of species and concentration, DF=90, SE=2.072 CV (%) 

=12.3 

Similarly dry shoot biomass weight of C. cillaris and L. nutans were highly significantly reduced 

by bark aqueous extract interactions at (13.09 and 9.87) respectively. But bark exposed very 

highly significant inhibition on dry shoot biomass weight of L. nutans at (9.87). While, the least 

significant retardation was exhibited by root extract interaction on dry shoot biomass weight of 

C. cillaris at (14.91) when compared the mean interaction effects of leaf, bark and root aqueous 

extracts of P. juliflora (Table 6). 
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Dry shoot biomass weights of C. cillaris, P. desertorum and L. nutans were significantly affected 

at (p<0.05) by all aqueous extract concentrations (Table 6).  

Leaf, bark and root aqueous extract concentrations of P. juliflora were significantly eliminated 

dry shoot biomass weights of C.cillaris, P. desertorum and L. nutans from small to higher 

concentration levels when compared to the control (Table 6). While, the highest significant 

inhibition were displayed on dry shoot biomass weight of C.cillaris, p. desertorum and L. nutans 

at (10%) and the least significant at(1%), while concentration as compared to the control (Table 

6).    

The total dry weight was significantly (P < 0.001) greater in E. micro theca (25.2 g) and P. 

juliflora (21.7 g) than in other species, intermediate in the Acacia spp. (13.5-15.1 g),and low in 

neem (6.6 g). All other biomass components and traits were of the same order of magnitude. 

Seedlings of E. microtheca and P. juliflora were significantly taller than the Acacia species, 

while the neem seedlings had the shortest shoots (Elfadl, 2013). 

4.4.3 Fresh Root Biomass  

Aqueous extract of leaf, bark and root of P. juliflora exhibited significant inhibition on fresh root 

biomass weights of C. cillaris, p. desertorum and L.nutans at (p<0.05). C.cillaris fresh root 

biomass weight was not affected by leaf and bark aqueous extract interactions while, root was 

significantly suppressed fresh root biomass weight of C.cillaris but not highly significant when 

compared to other species interactions (Table 7). 
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Table 4 7 Results from FRB weights of C. cillaris, L. nutans and P. desertorum subjected to 

different aqueous extracts and concentrations of P.s juliflora. 

Species  Extract type 

Leaf   Bark  Root  

C.cillaris 16.39a 16.77a 14.83b 

P.desertorum 13.34c 13.75bc 12.88b 

L.nutans 9.25d 6.03e 5.83e 

LSD at (p<0.05) =1.308 for the interaction of species and extract type, DF=90, SE=1.804, CV (%) 

=14.9. 

Species    Concentration in (% ) 

0 1 2.5 5 10 

C.cillaris  37.52a 14.83c 11.84d 8.59e 7.19ef 

P.desertorum 26.37b 15.27c 11.29d 7.82e 5.86fg 

L.nutans 15.27c 5.97fg 5.26gh  4.29gh 4.14h 

LSD at (P<0.05) =1.689 for the interaction of species and concentration, DF=90, SE=1.804 CV (%) 

=14.9 

 

Whereas, leaf aqueous extract exposed highly significant inhibition on fresh root biomass weight 

of P.desertorum and L.nutans. Aqueous extracts of leaf, bark and root were also significantly 

deteriorated P.desertorum at (13.34, 13.75 and 12.88) and L.nutans at (9.25, 6.03 and 5.83). But, 

bark exhibited very highly significant reduction on fresh root biomass weight of L.nutans at 

(6.03). While, the least significant effect was displayed on fresh root biomass weight of 

P.desertorum by root extract interaction at (12.88) when compared to the other species 

interaction (Table 7).  

Similar results were reported by Khan et al (2009), who recorded decreased fresh weight in 

wheat varieties after application of Eucalyptus extract at different concentrations. The present 

study also indicated that the aqueous extract of mesquite foliage significantly reduced the shoot 

and root fresh weight of the grasses. The decreased root and shoot fresh weight might be due to 

the decrease in root and shoot length of the grasses 
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Mean interaction of leaf, bark and root aqueous extracts of P. juliflora exhibited significant 

inhibition on fresh root biomass weights of C. cillaris, p. desertorum and L.nutans  by all 

concentration levels at (p<0.05) when compared to the control (Table 7). 

Fresh root biomass weight of C.cillaris was drastically reduced at all concentration levels when 

compared to the control. P. desertorum fresh root biomass weight subsequently reduced at all 

concentration levels and significantly suppressed at higher concentrations of (5% and 10%) as 

compared with the control. while, L. nutans fresh root biomass weights was highly incapacitated 

at all concentration levels but significantly inhibited at (5% and 10%) when compared to the 

control (Table 7).  

Similar finding with the present study was reported by Qayyum et al (2018) that indicated effect 

of mesquite foliage on the growth of the study grasses revealed reduction in fresh and dry 

biomass of the roots and shoots. 

4.4.4 Dry Root Biomass  

The leaf, bark and root aqueous extracts of P. juliflora significantly impeded dry root biomass 

weight of C. cillaris at all concentration levels when compared to the control. Whereas, L. nutans 

dry root biomass weight was successively reduced at all aqueous extract concentration and 

strongly was affected at (5%) concentration when compared to the control. P. desertorum’s dry 

root biomass weights was also delayed by leaf, bark and root aqueous extracts of P. juliflora at 

all concentration levels and significantly was inhibited at (5% and 10%) when compared to the 

control (Table 8). 
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Table 4 8 Results from DRB weight in (gram) of C. cillaris, P.desertorum and L. nutans 

subjected to leaf, bark and root extracts of P. juliflora. 

Species  Extract 

type 

Concentration in (%) 

0 1 2.5 5 10 

C.cillaris    Leaf 5.700ef 3.633hij 2.700j-m 2.100m-q 1.533o-r 

Bark 5.700ef 3.200i-l 2.567k-n 2.100m-q 1.867m-q 

Root 5.700ef 3.467i-k 2.000m-q 1.667n-r 1.333p-r 

P.desertorum Leaf 16.067a 10.400b 6.167d-f 4.500gh 2.467l-o 

Bark 16.067a 10.133b 6.867cd 5.767ef 3.200i-l 

Root 16.067a 7.633c 6.467de 5.300fg 3.300i-l 

L. nutans Leaf 5.300fg 3.733hi 2.200m-p 2.433l-o 2.433l-o 

Bark 5.300fg 2.167m-p 1.800m-r 1.500o-r  0.833r 

Root 5.300fg 1.833m-q 1.400p-r 1.700m-r 1.133qr 

LSD at (P<0.05) =0.9760 for the interaction of species, extract type and concentration, DF=90, 

SE=0.6017, CV=13.1%  

Dry Root Biomass weight of three recipient species: C.cillaris, P.desertorum and L.nutans were 

drastically reduced by all aqueous extract types of Leaf, Bark and Root of P. juliflora in all 

concentration levels as compared to the controls. From all these three species the highest dry root 

biomass weight was recorded in controls of p. desertorum while the lowest dry root biomass 

weight of L. nutans was also recorded by bark aqueous extracts at (5%) concentration when 

compared to the control (Table 8).  

Root growth of C. cillaris was inhibited significantly by all concentration of leaf aqueous 

extracts. Leaf aqueous extracts at high concentration (6%) had deleterious effects on root growth 

of E. rupestris. Bark had a stimulatory effect on root growth of the tree species. Root growth of 

the grasses was facilitated by bark extracts at lower concentrations while inhibited at higher 

concentrations. Root aqueous extracts seem to have had stimulatory effects at lower 
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concentration levels and an inhibitory effect at higher concentrations for both the tree and the 

grass species (Samuel, 2012). 

There was no inhibitory effect on the germination of seeds Variation between control and 

treatments for different germination indices were not significant, in both fresh and dried leaves 

extracts at all the concentrations used in the experiment. There are several reports of both 

inhibitory and stimulatory effect of different plant extracts on various target species by using 

different concentration of the extract. L. camara water extracts at the concentrations of 1%, 5%, 

10%, inhibited the germination percentage of seeds of E. colonum, D. sangualis, and P. 

psilopdium (Gowsiya et al 2014). 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

P. juliflora is one of invasive alien species that aggressively invaded most parts of Afar Region. 

In particularly, Southern administrative zone of the region where Prosopis was early introduced 

had likely resulted devastating all valuable natural resources including rangelands, farmlands, 

grasslands and fencing irrigational canals and roads. However very little scientific information is 

available about the effect of P. juliflora on soil seed bank flora and its allelopathic potential on 

selected grass species. The study was carried out with the objectives to determine the impacts of 

P. juliflora on composition and diversity of soil seed bank flora and to investigate allelopathic 

potentials of P. juliflora on seed germination, growth and biomass production of selected grass 

species in the study area.  

A total of 20 Soil samples were collected from five sites of Amibara district, measuring sample 

quadrats of (20m X 20m) and the soil samples from each quadrat were taken from 5 sub-

quadrats/m
2
, one from the center and four from the corners, at two depth (0-3cm and 3-10 cm). 

Accordingly germination bioassay test was conducted in Plant Pathology laboratory and pot 

experiment under greenhouse condition in Haramaya University. 

A total of 38 herbaceous species /m
2
 that belong to 16 families were emerged in the upper and 

lower layer (0-3cm and 3-10cm) of the soil seed bank samples. The highest values of (3.17, 3.15 

and 3.04) species diversity were recorded in Awash-arba, Alaydagi and Kurkura, within m
2 

area 

at the depth of (0-3cm).While the least diversity values of (2.75and 2.77) was recorded in Melka-

Werer and Sarkamo in the upper soil seed bank layer respectively. Species richness was 

simultaneously increased as ascending (24) in Kurkura, (28) in Alaydagi (30) in Awash-arba. 

But the least values of species richness (21) was recorded in Melka-Werer and Sarkamo.  

Whereas, the highest values of species evenness were observed (0.96) in Kurkura, (0.95) in 

Alaydagi, (0.93) Awash-arba, (0.91) in Sarkamo and the least evenness values of species was 

recorded in Melka-Werer with the value of (0.90) at depth of 0-3cm.Therefore, when species 

richness decreasing, the diversity, and evenness was also decreased in the upper layer of soil 

seed banks. Species diversity, richness and evenness were also determined in similar sites with 

possible variation of depth at (3-10cm). The highest value of (2.69, 2.59, 2.54 and 2.54) species 



 

 

43 

 

diversity were recorded in Awash-arba, Alaydagi, Sarkamo and Kurkura. Whereas, the least 

value of (1.79) species diversity was also recorded in Melka-Werer. The highest richness value 

of (17, 16, 14, and 13) species in the lower layer soil seed bank were recorded in Awash-arba, 

Sarkamo, Alaydagi and Kurkura. While the least value of (8) species richness was recorded in 

Melka-Werer.  

The evenness values of species was high in Kurkura and Alaydagi with the value of (0.99 and 

0.98) respectively. Whereas, the remaining three sites: Awash-arba, Sarkamo and Melka-Werer, 

the evenness of species values were simultaneously decreased as (0.95, 0.92 and 0.86) in the 

lower soil seed bank layers. Diversity and richness were higher in the upper layer (0-3cm) soil 

seed bank flora (3.17, 3.15, 3.04, 2.77 and 2.75) and (30, 28, 24, and 21) than the lower layer (3-

10cm) with the value of (2.69, 1.79, 2.59 and 2.54) species. But evenness in the lower layer soil 

bank was higher than the upper soil seed bank with the value of (0.99 and 0.98) in Kurkura and 

Alaydagi. 

Jaccard’s coefficient similarity index displayed high species similarity of (55.6%) in the upper 

soil seed bank layers at (0-3cm) in Melka-were and Sarkamo. Whereas, species similarity of 

(45.2%) were obtained in the lower layer soil seed banks in Awash-arba and upper layer soil 

seed bank in Alaydagi respectively. While species similarity was decreased as (31.8%) in the 

lower layer soil seed banks in Sarkamo and Kurkura.  

 Species richness, diversity, evenness and similarity were highly declined under the canopy of 

P.juliflora in the lower soil seed bank layers than the upper soil seed bank throughout studied 

site samples except species evenness  in the lower soil seed bank  layer in Kurkura and Alaydagi 

was recorded highest values of (0.99 and 0.98) than the upper soil seed bank layer. This is 

because of low light and moisture it’s under canopy, highly competitiveness with other species.  

There might be as the result of high accumulation of poisonous allelochemical compounds that 

found from different parts of P. juliflora as a litter that percolates into the lower layers of under 

canopy soil seed bank. This can give more opportunity to delay early growth of species in its 

understory.    
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Seed germination of P.desertorum was significantly inhibited by leaf at (42.13) and L.nutans at 

bark (52.93) aqueous extracts of P. juliflora but not highly significant. While, Seed germination 

of C. cillaris were facilitated by all leaf, bark and root and P. desertorum at leaf, bark aqueous 

extracts of P. juliflora. C.cillaris seed germination was significantly suppressed at (2.5%, 5% 

and10%) concentration levels as compared with the control. Seed germination of P.desertorum at 

(10%) concentration was very highly significantly suppressed, while the least significant effect 

was exhibited on L. nutans seed germination at (1%) concentration as compared to the control.  

Whereas, the Plumule length of P. desertorum was suppressed from small to higher 

concentration levels but very highly significant effect exposed at (10%) concentration when 

compared to the control, L. nutans plumule length was also exhibited highly significant 

inhibition at (10%) while the least significant effect was displayed at (1%) as compared to the 

control. The radical length growth of C. Cillaris was drastically reduced at all concentration 

levels, but very highly significantly inhibited at (5% and10%) concentration when compared to 

the control. The radical length of P. desertorum and L. nutans have showed a significant effect at 

all concentration but likely suppressed at higher concentration levels (5% and 10%) when 

compared with the control. 

However, fresh shoot biomass weight of P. desertorum was significantly affected by all leaf, 

bark and root aqueous extract concentration levels, but leaf and root exposed more effects at (5% 

and 10%) on fresh shoot biomass weight as compared to the control. When increasing the level 

of aqueous extract concentrations, the biomass weights of all grasses species was highly 

suppressed. Due to high influences of allelochemicals compounds that found in leaf, bark and 

root of P. juliflora. 

Similarly dry shoot biomass weight of C. cillaris and L. nutans were highly significantly reduced 

by bark aqueous extract interactions at (13.09 and 9.87) respectively. But bark exposed very 

highly significant inhibition on dry shoot biomass weight of L. nutans at (9.87). While, the least 

significant retardation was exhibited by root extract interaction on dry shoot biomass weight of 

C. cillaris at (14.91) when compared the mean interaction effects of leaf, bark and root aqueous 

extracts of P. juliflora 
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Fresh root biomass weight of C.cillaris was drastically reduced at all concentration levels when 

compared to the control. P. desertorum fresh root biomass weight subsequently reduced at all 

concentration levels and significantly suppressed at higher concentrations of (5% and 10%) as 

compared with the control. while, L. nutans fresh root biomass weights was highly incapacitated 

at all concentration levels but significantly inhibited at (5% and 10%) when compared to the 

control. 

Aqueous extracts of leaf, bark and root were also significantly deteriorated P.desertorum at 

(13.34, 13.75 and 12.88) and L.nutans at (9.25, 6.03 and 5.83). But, bark exhibited very highly 

significant reduction on fresh root biomass weight of L.nutans at (6.03). While, the least 

significant effect was displayed on fresh root biomass weight of P.desertorum by root extract 

interaction at (12.88) when compared to the other species interaction 

The dry root biomass weight of L. nutans was strongly affected at (5%) and P. desertorum was 

also significantly inhibited at (5% and 10%) when compared to the control. Similarly, fresh root 

biomass weight of P. desertorum was significantly suppressed at (5% and 10%) as compared to 

the control. Bark aqueous extracts of P. juliflora exposed high significant effect on the fresh 

shoot biomass weight of C. cillaris and p. desertorum at (10%) concentration when compared to 

the control. As increasing concentration percent, dry root biomass weight had declined due to 

extreme manifestation of allelochemical compounds that found in different parts of P. juliflora.  

Aqueous extracts of leaf, bark and root of P. juliflora was exhibited significant inhibition on the 

dry shoot biomass weights of C. cillaris, P. desertorum and L. nutans when compared to the 

control. While the dry shoot biomass weight of C. cillaris and P. desertorum was highly 

deteriorated at (5% and 10%). Whereas, the dry shoot biomass weight of L. nutans momentously 

retarded at (1% and 5%) as compared to the control.  

 Therefore the P. juliflora has toxic substances/ allelochemicals and releases it into its ambient 

environment or its surrounding areas and significantly suppressed seed germination, seedling 

growth as well as biomass production of predominantly covered forage grasses species to the 

livestock of local community in the study area before the invasion of P. juliflora. This has likely 
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resulted in a significant reduction of livestock production and adversely affected the livelihood 

of the pastoral communities of afar people whose livelihood depends on livestock production. 

 The local community complains the upcoming infestations of the trees in their rangelands 

throughout the region that destroys their very significant grass species for their domestic 

Animals in all rangeland areas in which the livelihood of pastoral community mainly depends on 

livestock production. The pastoral community of afar people in the study area was also 

complaining and worries this aggressively invasive alien species of P. juliflora. The species is 

expected to be poverty driving force in invaded area because of its aggressiveness and fast 

growing feature that invades native species as well as spreading over a large area within short 

time period. Thus, the following are recommended to curb the problem of Prosopis invasion in 

the rangelands of the study area. 

 Controlling the mobility of livestock from Prosopis invaded area to non-invaded rangelands 

through formulating pastoral development policy and weed management programs, livestock 

improvement strategies in all levels of the regions and participating stakeholders during 

policy formulation and implementation. 

 To the minimum level control, should be taken by the local community through clearing 50-

100 hectare per each localities/kebeles at least two times per/ year and continuously 

practicing rangeland utilization through years until restoring the rangeland resources.  

 Long term success of Prosopis control will mainly developing pastoral and agro pastoral land 

use practices that may support to the stability of pastoral mobility and sustainability of their 

livelihood as well.  

 Developing public awareness providing publicity programs to control further infestation of P. 

juliflora to remaining parts the region and the country respectively.  

 Afar Regional State should take urgent legal actions to minimize the increasing infestation of 

invasive woods in general and Prosopis in particular to farther spread of the remaining 

pastoral and agro pastoral parts of the region. 
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7. APPENDIX 

Appendix Table 7 1 List of plant species recorded in soil seed banks 

Scientific name Local name Family LF Desirability Habit 

Prosopis juliflora (Sw.) DC.                               Weyane     Fabaceae Shrub UD P 

Acalypha indica Marsali Euphorbiaceae Forbs UD A 

Achyranthes aspera Ilmoleyta Amaranthaceae Forbs UD A 

Aerva javanica  Olyayto Amaranthaceae Forbs UD P 

Aeschynomene abyssinica  Aftadoysa Fabaceae Forbs LD P 

Alternathera repens            Kurinchit Amaranthaceae Forbs UD                                   A 

Amaranthus dubius Aburi Amaranthaceae Forbs UD P 

Aristida adscensionis Feresgera             Poaceae Grass D A 

Astystasia Shimperi Unknown Acanthaceae Forbs UD A 

Baleria Acanthiodes Galsanto                  Acanthaceae Forbs LD P 

Bothriochloa radicans  Asaiso Poaceae Grass D P 

Chloris gayanga Mogomole Poaceae Grass D P 

Corchorus trilocularis  Sibko Tiliaceae Forbs LD A 

Cucumis ficifolius  Gorayum Cucurbitaceae Forbs LD A 

Cynodon dactylon  Rareyta Poaceae Grass D P 

Cyperus Spp Qetema Cyperaceae Forbs D                                     A 

Dactyloctenium aegyptium Afaramole Poaceae Grass HD A 

Datura stramonium  Buta hara Solanaceae Forbs LD P 

Enteropogon rupestris  Isokoruf Poaceae Grass HD P 

Euphorbia Geniculata Halihara Euphorbiaceae Forbs LD A 

Euphorbia prostrata  Halihara Euphorbiaceae Forbs LD A 

Heliotropiuim cinerascens  Amada Boraginaceae Forbs UD A 
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Hibiscus spp  Rugagehada Malvaceae Forbs LD P 

Indigofera caerulea Aro Fabaceae Forbs LD P 

Appendix continue…      

Justicia flava   Abahisaru Acanthaceae Forbs UD A 

Leucas urticifolia Aburi Lamiaceae Forbs UD A 

Ocimum basilicum Hibak Lamiaceae Forbs D A 

Orthosiphon pallidus Yangulehibak Lamiaceae Forbs UD A 

Partthenium hystrophorus Wolahwla Asteraceae Forbs UD A 

Portulaca oleracea Arbagraso Portulacaceae Forbs LD A 

Rhynchosia tomentosa Halal Fabaceae Forbs D P 

Ruellia patula Harawyto Acanthaceae Forbs LD P 

Sporobolus ioclados Denekto Poaceae Grass D P 

Sporobolus pyramidallis Amilto Poaceae Grass HD P 

Tragus berteronianus Aytiadoyta Poaceae Grass D A 

Tribulis terrestris Bunket Zygophyllaceae Forbs LD A 

Zaleya pentandra Adohara Aizoaceae Forbs LD A 

Ischaemum afrum Melif Poaceae Grass HD P 

LF: life form; D: desirable, LD: less desirable; UD: undesirable; A: annual; P: perennial. 

Appendix Table 7.2 Jaccard’s coefficient of similarity b/n under canopy soil seed banks depth of 

P.juliflora. 

 Depth 0-3cm 0-3cm 0-3cm 0-3cm 0-3cm 3-10cm 3-10cm 3-10cm 3-10cm 3-10cm    control 

Site 

name 

 AA MW SA KK AD AA MW SA KK AD 

AA 0-3cm 1          

MW 0-3cm 0.545 1         

SA 0-3cm 0.457 0.556 1        

KK 0-3cm 0.543 0.452 0.552 1       

AD 0-3cm 0.611 0.531 0.4 0.405 1      

AA 3-10cm 0.567 0.357 0.31 0.367 0.452 1     

MW 3-10cm 0.226 0.381 0.318 0.231 0.2 0.25 1    

SO 3-10cm 0.353 0.423 0.542 0.481 0.294 0.222 0.2 1   

KK 3-10cm 0.344 0.417 0.259 0.37 0.281 0.25 0.313 0.318 1  
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AD 3-10cm 0.333 0.4 0.296 0.357 0.5 0.292 0.222 0.304 0.35 1    

Control 0.737 0.541 0.541 0.622 0.73 0.395 0.189 0.444 0.324 0.389 control 

Depth  0-3cm 0-3cm 0-3cm 0-3cm 0-3cm 3-10cm 3-10cm 3-10cm 3-10cm 3-10cm    

 Site name AA MW SA KK AD AA MW SA KK AD      

AA=Awash-arba, MW=Melka-werer, SA=Sarkamo, KK=Kurkura, AD=Alaydagi,  

 

Appendix Table 7.3 Analysis of Variance summary for (DRB, DSB, FRB, FSB and GP) 

                                                                      Mean squares 

Source  Df DRB DSB FRB FSB GP 

Extract type 2 1.7476* 11.165NS 37.279*** 379.88*** 609.5*? 

Species  2 404.5336*** 2617.197*** 951.584*** 45301.54*** 2056.6*** 

Concentration  4 210.5279*** 1611.339*** 1881.697*** 21031.37*** 17375.9*** 

Extract type. Species 4 2.1334*** 30.940*** 18.423*** 896.07*** 336.3* 

Extract type.conc 8 1.3402*** 2.857NS 3.525NS 128.84*** 134.3NS 

Species. Concentration 8 35.4848*** 120.879*** 151.624*** 3252.64*** 253.1* 

Extracttype.species.conc 16 0.8848*** 6.716NS 4.1187NS 108.69*** 154.8NS 

Residual  90 0.3620 4.293 3.253 34.30 114.1 

FSB=fresh shoot biomass weight in gram, FRB=fresh root biomass weight in gram DSB= dry 

shoot biomass weight in gram, DRB= dry root biomass weight in gram GP= Germination 

Percentage, NS= Not significant, *=0.01, **=0.001. 

Appendix Table 7.4 Mean Squares of ANOVA result for plumule and radical length 

Mean squares 

Source Df PL  RL 

Extract type 2 0.1058NS 0.03575NS 

Species  2 13.2543** 2.07973*** 

Concentration  4 27.0742** 14.75451*** 

Extract type. Species  4 0.0569NS 0.03246NS 

Extract type. concentration   8 00.0654NS 0.01608NS 

Species, concentration 8 2.1867** 0.74252*** 

Extract type. Species. concentration  16 0.0871NS 0.03653NS 

Residual  90 0.1028 0.03242 
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 Levels of significance at *=0.05, **=0.01, ***=0.001, NS=Not significant  

 

 


