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Effects of Mesquite (Prosopis juliflora DC.) Leaf Extract and Soil from
Underneath Its Canopy on Growth, Yield and Yield Components of Ethiopian
Mustard (Brassica carinata A.Braun)

ABSTRACT

P. juliflora is known to interfere with the growth of plants growing in its vicinity by the
release of allelochemicals during the decomposition of its litter. An attempt was made to
determine the effects of different concentrations (0%, 5%, 10%, 15%, and 20%) of P. juliflora
hexane and ethanol leaf extracts on seedling growth, yield and yield components of B.
carinata. Soil seedbed and extracts were also prepared from soils sampled from different sites
of distance gradient from P. juliflora to evaluate the same paramaters under laboratory
conditions. Soil has also sampled from different sites in distance gradient from P. juliflora to
grow B. carinata in pots in greenhouse. P. juliflora leaf extracts obtained by the two solvents
significantly inhibited seed germination and seedling growth in a concentration dependent
manner (0%, 5%, 10%, 15%, and 20%). Soil toxicity test conducted through soil-bed growth
and soil extract treatment did not have any negative impact on measured
parameter(germination percentage, radicle length, plumule length, shoot length and root
length, whereas cultivation of B. carinata on soils obtained from different points in distance
gradient from P. juliflora showed significant difference among sampling points(Beneath,
edge, 1m and 2m). That is, germination, growth, yield parameters and yield found to increase
when cultivated on soil samples away from P. juliflora invaded area. Generally, the results
revealed that allelochemicals from P. juliflora are toxic to B. carinata that care must be taken

when cultivating it around P. juliflora.

Keywords: Allelochemicals, Brassica carinata, Leaf extract, Prosopis juliflora, Soil properties
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1. INTRODUCTION

Plant invasions are widely accepted as one of the major threats to global biodiversity across the
planet. Massive declines in biodiversity have often been reported in areas where the alien plants
have heavily invaded (Cronk and Fuller, 1995; Vitousek et al., 1997; Wilcove et al., 1998;
Pauchard and Shea 2006). The spread of invasive alien species (IAS) is now recognized as one
of the greatest threats to the ecological and economic well being of the planet. IAS is causing
enormous damage to biodiversity and agricultural system that, we depend on. These alien species
outcompete, infect or transmit diseases, compete, hybridize with the native ones or attack them
(Wittenberg and Cock, 2001). With increasing trade and globalization, movement of people and
goods also increased. This facilitated the spread of IAS.

P. juliflora, Fabaceae is a noxious invasive weed that is native to America extending from Peru
to Mexico. Currently, it occurs as invasive weed in 25 African countries including Ethiopia
(GISP, 2004). P. juliflora, which was reported as an aggressive invasive plant species in the
world (Pasiecznik et al., 2001) shows a wide spectrum of adaptations that enable it to
successfully establish in new habitats. P. juliflora has been widely distributed in Ethiopia as a
biological soil and water conservation agent during the late 1970s. Now it is considered as 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).

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).

The success of P. juliflora is largely attributed to the high number of seeds produced and their
efficient dispersal mechanisms (Shiferaw et al., 2004). In addition, its fast growing ability,
dormant seeds, attractive and rewarding pods, seeds maintaining viability in the droppings of
livestock and wild animals, resistance to browsing, incredible ability of re-sprouting and fast

coppice growth (Shiferaw et al., 2004), and high water use efficiency contribute to its invasion.



Different plant parts, including flowers, leaves, leaf litter and leaf mulch, stems, bark, roots, soil
and soil leachates and their derived compounds, can have allelopathic activity that varies over a
growing season (Uniyal and Chhetri, 2010). If some of those compounds are released to the
environment, from leaching, litter decomposition, root exudation, or direct volatilization, they
could affect (either positively or negatively) germination and growth of other species.
Allelopathic compounds can be released into the soil by a variety of mechanisms that include
decomposition of residues, root exudation, and volatilization (Weston, 2005). It has been noted
that the fallen leaves, leachates or root exudates of mesquite release phytotoxic substances that

affect all ground vegetation under its canopy (Siddiqui et al., 2009).

Phytochemical analysis of mesquite showed that mesquite contains phenolics, tannins, steroids,
flavonoids, alkaloids and terpenoids in leaf extracts. Stem contains, steroids, phenolics,
flavonoids and terpenes in minimum concentrations, while root has saponin, alkaloids, phenolics,
steroids, flavonoids, tannins and terpenes (Singh, 2012). P. juliflora is reported to influence the
growth of other plants through its allelochemicals (Rizvi and Rizvi, 1992; Thoyabet et al., 2009).

From this, the folowing hypotheses were made.

1) Tissue extracts of P.juliflora would inhibit seed germination, seedling growth of crop
plants and
I I) Leachates from its tissue/decomposed structures would contain allelochemicals that

would affect growth and yield of crop plants. In this study, therefore, one of the common
vegetable crops, Brassica carinata (Brassicaceae) was used as test plant to test the
hypotheses.

General objective:

To investigate the effects of P. juliflora leaf extracts and soils from underneath its canopy on

growth, yield and yield components of B. carinata.

Specific objectives:
v" To measure the impact of P. juliflora leaf extracts on B. carinata seed germination and
seedling growth under laboratory condition.
v' To evaluate the influence of P. juliflora soil extract on B. carinata seed germination and

seedling growth under laboratory condition on.



v To determine growth, yield and yield components of B. carinata grown on soils affected
by P. juliflora under greenhouse condition.

v To determine the effects of P. juliflora invasion on soil physical and chemical properties.



2. LITERATURE REVIEW
2.1. Mesquite (P.juliflora DC.)

2.1.1.Nomenclature, habitat and growth

The genus Prosopis belongs to the family Leguminosae (Fabaceae), sub-family Mimosoideae.
Prosopis contains 44 species, of which 40 are native to the Americas, three to Asia and one to
Africa(Burkart, 1976). Burkart (1976) described the Prosopis species as trees reaching a height
between 3 to 12 metres, which can also appear as a shrub. In all species, the wood is hard and the
branches are spread, forming a round or flat-topped crown and green foliage. Prosopis trees are

evergreen and are deciduous only on very arid sites (Maydell, 1986).

Prosopis species are adapted to areas with low rainfall and long periods of drought once they are
established and are able to tap groundwater or any other water source during the first years. The
lateral roots play an important role during rainy seasons or periods of abundant water, for
instance, in irrigated areas. The trees are also able to absorb moisture through their foliage during

light rains or from dew or other atmospheric sources of moisture (Pasiecznik et al., 2001).

Taxa of Prosopis (mesquite; Fabaceae) occur in most of the world's hot arid and semi-arid
regions as native or introduced species (Pasiecznik et al., 2001). They have been introduced
globally and have become naturalized or invasive in many places (Rejmanek and Richardson,
2013). Several Prosopis species are also ‘weedy’ in parts of their native ranges (Pasiecznik et al.,
2001). P.juliflora is part of the P. juliflora-pallida complex, a taxonomically complicated,
interrelated, and controversial group both in the native and non-native ranges of species in this

complex (Palacios et al., 2012).

2.1.2. Global history of introduced P. juliflora

Prosopis species, some of which are classified as woody weeds, can be classified into two
categories: species that occur in their native range or those which have been deliberately
introduced, grow, and expand in exotic areas. Prosopis is able to survive in the most inhospitable
environment, on nutrient poor, saline and alkaline soils, and in hot climates. However, despite

their usefulness to humans and animals, Prosopis species have shown to be highly invasive,



particularly in exotic environments. They are capable of transferring fertile land into dense
thickets of impenetrable tree stands (Pasiecznik et al., 2001; Pasiecznik et al., 2004; Pasiecznik
et al., 2006a).

Globally, the four major successfully introduced Prosopis species are P. juliflora, P. pallida, P.
glandulosa, and P. velutina. The first two species were mainly introduced in tropical regions,
while the latter two were introduced in sub-tropical regions. P. juliflora has, however, become
naturalized in several regions and continents. Introductions of P. juliflora have taken place in
tropical regions of four continents: the Americas, Australia and the Pacific, Asia (particular India
and Pakistan), and Africa including the Middle East. Of all introduced Prosopis species, P.
juliflora performs significantly better than the other Prosopis species, especially in the dry
tropics. But, it is also the species that is most invasive in exotic environments (Pasiecznik et al.,
2004).

There are several species of Prosopis that have been introduced in Africa and have become
noxious weeds. However, only P. africana is native to the continent and can be found in Senegal,
in regions from Guinea-Bissau to Nigeria, in Cameroon, in Sudan, Uganda and in Ethiopia
(Burkhart, 1976). Among the most common species introduced were P. pubescens, P. juliflora,
P. chilensis, P. glandulosa var. glandulosa, P. glandulosa var. torreyana and P. velutina
(Pasiecznik et al., 2006a).

The introduction of P. juliflora into Ethiopia took place in the late 1970s in Dire-Dawa, with
seeds possibly derived from India. Introductions in the north of the country, in Afar, are believed
to have been undertaken by workers of the Middle Awash irrigation project in the late 1970s and
early 1980s, with seeds either from Dira-Dawa, from Kenya, or from the Sudan. Meanwhile,
Prosopis is continuously invading areas of the pastoralists of the Afar and Isa groups in the Afar
National Regional State (AfNRS) and has infested areas that are hundreds of kilometre away
from its original introductions (Shiferaw et al., 2004). Other introductions over large areas in
Ethiopia took place as part of the Food for Work Programme, which lasted until 1988. Even
today, Prosopis species are planted as shade trees and for living fences (Sertse and Pasiecznik,
2005).



In Ethiopia’s neighboring country, Eritrea, the introduction of P. juliflora probably took place
during the 1980s, however, not earlier that the 1970s. It is also not quite clear from where the
introductions took place. It is assumed that P. juliflora was brought into the country by livestock
from the neighbouring country, Sudan. There are close trading links between the Kassala State in
the Sudan and the nearby neighbouring towns in Eritrea. Another possible place of entrance of
the species into the country is assumed to be from the Afar region of Ethiopia. Meanwhile,
P.juliflora has become a noxious weed in many of the dry areas of the country (Bokrezion,
2008).

2.1.3. Negative effects of P.juliflora on rural livelihoods

Mesquite invasion forms impermeable, dense thickets. It reduces grass cover of grazing lands
and consequently affects stocking density (Pasiecznik, 1999). The invasion is also a major
problem for agricultural lands. Mesquite is accused for diminishing ground water (Pasiecznik,
1999; Pasiecznik et al., 2001; Pasiecznik et al., 2004) with the help of its long tap root system.
The leaves have allelopathic effects inhibiting under canopy growth (Al-Humaid and Warrag,
1998; Nakamo et al., 2003); the pollen also causes allergic reactions (Pasiecznik, 1999). The
thorns are very poisonous for both humans and animals. These elements enable mesquite to
affect the livelihoods of the rural poor.

Why some exotic plants, when introduced to a new part of the world, become far more abundant
and have greater impact than in their native range is one of the most puzzling questions in
ecology (Callaway and Maron,2006; Callaway et al.,2012). P. juliflora appears to be one of

these species.

2.1.4. Invasion promoting Biological and ecological traits of P. juliflora

Due to their broad ecological amplitudes, Prosopis trees have adapted to a wide range of
different types of soil and sites and are able to survive on the poorest lands, which are unsuitable
for many other tree species. The tree species can be found on various soil types from pure sandy
soils to heavy clay and stony soils. The most abundant prosopis trees are found in their native
range at altitudes below 200 m above sea level, but they can frequently establish themselves up
to 1,500 m above sea level of elevation (Maydell, 1986). Like many other invasive species, P.

juliflora could also be able to tolerate environmental stress conditions (Kumar and Mathur,



2014), which can drive the species to invade new habitats (Uveges et al., 2002; Kercher and
Zedler, 2004).

Prosopis trees are able to out-compete the indigenous vegetation and spread rapidly, in the worst
case becoming agricultural weeds. Geesing et al. (2000) suggest that the woody legumes of
Prosopis species have a competitive advantage on soils with low levels of nitrogen, creating
islands of fertility through N fixation. Thus, for instance, under the influence of overgrazing,
eroded and degraded poor nitrogen-deficient soils give Prosopis seedlings a competitive
advantage. The dominant factor that is responsible for the spread of Prosopis species is the
interaction between climate and land use. Livestock rearing causes a reduction in, or even
destroys, herbaceous competition, which is the cause for the decline of soil nitrogen levels. The
widespread seed dispersal by livestock creates conditions where the expanding Prosopis seed
bank only needs to wait for favorable conditions to germinate and establish a new stand
(Pasiecznik et al., 2001).

Prosopis produces a large number of small-size seeds (23 +/- 4 seed/ pod with a mean weight of
0.0275 g), which are adapted for endozoochory (Fenner, 1985). The seeds passing through the
guts of animals receive treatments that facilitate germination. The faeces itself probably acts as
fertilizer in the critical phase of the establishment of the seedlings. The dispersal of the seeds in
the faeces also occurs at some distance from the mother plant, which allows dispersal over a
wide terrain (Shiferaw et al., 2004).

The dynamic vegetative reproduction, in combination with small seeds and short juvenile
periods, are indications that a species will be a strong and competitive invader (Kolar and Lodge,
2001). A short juvenile period, together with the remarkable coppicing ability of resprouting and
fast coppice growth from stumped or damaged trees, give Prosopis a considerable advantage
over other plants in the competition for space (Shiferaw et al., 2004). In its native range,
densities of P. juliflora can be high relative to other leguminous shrubs and trees, but its canopies
can have much stronger facilitative effects on neighbors than other leguminous tree species
(Larrea Alcazer and Soriano, 2008). Many other Prosopis species, in their native ranges, create
“‘resource islands’® with higher concentrations of organic matter, nitrogen, phosphorus and
potassium beneath their canopies and behave as strong facilitators of other species (Zou et al.,
2005).



The ecological advantages of Prosopis compared with many native species and the resulting
invasion of the tree causes a reduction in biodiversity of the native flora. Research has revealed
that underneath Prosopis canopies, the number of species and the evenness, frequency and
density of indigenous species are significantly lower compared to the situation in open space.
However, the number of seedlings of those native plants that are found is higher under the
Prosopis canopy than away from its canopy. The soil fertility also seems to be significantly
enhanced beneath Prosopis canopies. Such observations have led to the conclusion that
allelopathic inhibitions by Prosopis are the reason behind the suppressive effect of this species
on the indigenous plant biodiversity (EI-Keblawy and Al-Rawai, 2007).

2.1.5. Invasions and controls of P. juliflora

Currently, P. juliflora poses a threat to indigenous biodiversity wherever it is established in
Ethiopia in general, in the Middle Awash area in particular because of its weedy and invasive
nature. In the Middle Awash, about 30,000 hectare of grassland, rangelands, water points and
croplands are estimated to be occupied by P. juliflora (Mehari, 2008). Areas that are currently
invaded by P. juliflora were important sources of forage for livestock for the Afar people. The
invasion by P. juliflora reduces grass availability and stocking density by livestock. It affects the
plant biodiversity by creating a physical barrier on seedlings of other plant species, preventing
sunlight to reach to the under canopy vegetation, lowering the water table and by releasing

various chemicals that may have negative effect on the native plant species.

In numerous tropical arid and semi-arid regions, the genus Prosopis has invaded large areas
wherever optimal conditions for its spread are available. The adaptive ecological traits of the
Prosopis species, especially their competitiveness against indigenous plant species, have led to
an invasion in some areas that creates hazards for people and the environment. In Ethiopia,
Prosopis is an aggressive invader of the pastoral lands of the Middle and Upper Awash Valley
that causes serious problems for the pastoralists in the region. The tree causes substantial
difficulties for the farmers who cultivate irrigated land because of the invasion into the crop
fields and the problems it causes to the irrigation system. In the most infested areas, it affects the
composition and structure of the indigenous species. Prosopis is classified as one of the three

most problematic invasive species in the country, together with Parthenium hysterophorus L., an



agricultural weed, and the Water hyacinth, Eichhornia crassipes (Mart.) Solms (Teketay and
Bekele, 2002).

From many places in the tropical world where Prosopis invasions have caused damage to the
environment and to people’s livelihood, there are reported experiences of success in controlling
such invasions. However, complete eradication of Prosopis has proved to be a difficult and
expensive undertaking. Although there are reports of successful interventions in smaller areas
invaded by the species, it has shown to be extremely difficult, even impossible, to eradicate it
over a wide terrain. One of the important requirements necessary to succeed in eradication is the

control of the movement of animals in order to hinder new infestations.

2.1.6. Allelopathic effects of P. juliflora

The chemicals that released from the allelopathic plants are known as allelochemicals.
Allelochemicals in majority are secondary metabolites, released into the environment as
exudates, volatiles and/or residues of plant tissue decomposition (Weston and Duke, 2003). The
structure and concentration of allelochemicals varies with the biological and non-biological cues,
therefore, their targets and functions are different (Bais, 2003).

In allelopathy, plant growth is negatively affected due to competition of the two organisms when
using the same resources (Burhan and Shaukat, 2000). It has been reported that the plants which
release phytotoxic substances, can have both positive and negative effects with the interaction of
weeds and crops (Rebaz et al., 2001; Shaukat et al., 2002). Phytotoxic plants discharge toxic
chemicals or secondary plant metabolites, which affect seed germination, cell division, cell
elongation, membrane permeability and ion uptake of the nearby plants (Dongre and Singh,
2007). P. juliflora plant is considered both invasive and phytotoxic, because it can delay the
growth of some nearby plants species by discharging allelochemicals in the environment (Mehar,
2011).

The leaves of P. juliflora contain various chemicals including tannins, flavinoids, steroids,
hydrocarbons, waxes and alkaloids (Pasiecznik et al., 2001). These are known to have effects on
the germination and growth of other plant species. Because of this, the plant diversity (both the
number of individual plants of a species and the number of species around P. juliflora) are
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affected by the allelechemicals. Low light under P. juliflora canopy also make other plant

species’ survival difficult (Pasiecznik et al., 2001).

Allelopathy generally refers to the inhibitory or stimulatory effects of one plant species on other
plant species in terms of germination, growth and development (Patil, 2007). The donor plant
release allelochemicals into the surrounding environment through leachates, root exudates and
volatilization and hence accumulation of allelochemicals causes toxicity affecting crop growth
and finally yield (Ahmed and Wardle, 1994).

2.2. Ethiopian Mustard

B. carinata, commonly known as Ethiopian mustard is an amphi-diploid (an allopolyploid
behaving as a diploid) derived from an ancient cross between B. oleracea(2N=18) and B. nigra
(2N=16) (Mabberley, 2008; Stace, 2010; National Genetic Resources Program, 2014) that belong
to the family Brassicaceae. Hybridization occurred at least a few thousand years ago, since it has
been cultivated in Ethiopia for at least that long (Alemayehu and Becker, 2002; Mnzava and
Schippers, 2007). Traditionally, B. carinata seeds also called ‘Gomenzer’ in Amharic are used to
grease clay pan used for baking traditional Ethiopian bread “Enjera”, to cure certain ailments or
stomach upsets and to prepare some beverages. B. carinata is an erect, annual herb growing from
30 to 200 cm tall (Alemayehu and Becker, 2002; Mnzava and Schippers, 2007; APD, 2014). It is

usually branched with leaves arranged alternately on stems (Mnzava and Schippers, 2007).

B. carinata likely originated in Ethiopia a few thousand years ago (Warwick et al., 2006;
Mnzava and Schippers, 2007). Its exact native distribution is not well understood because it has
been cultivated for a long time in Africa; furthermore, it is often confused with B. juncea
(Mnzava and Schippers, 2007). It is currently cultivated, native, and/or escaping from cultivation
in many countries in Africa (Mnzava and Schippers, 2007). "Truly wild types are not known...”
(Mnzava and Schippers, 2007). The NGRP (2014) reports B. carinata as naturalized in Ethiopia,

but because this is where the species is believed to have originated (Warwick et al., 2006).

2.2.1. Ecology and production status of Ethiopian Mustard

Smallholder farmers often grow B. carinata as a backyard crop on humus-rich soils. In some

potential areas where Ethiopian mustard is grown in large scale, the crop prefers moderately
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heavy and well drained soils with pH of 6.5- 7.6 (Nigussie Alemayehu et al., 1996). According
to the agronomic studies, a seed rate of 10-15 kg/ha with a fertilizer rate of 46/69 Kg/ha of
N/P205 is optimum depending on the season and planting techniques. B. carinata possesses so
many desirable traits like high rusticity and adaptability, low chemical input requirement, strong
resistance to disease and water shortages, delayed pod shattering or low pod dehiscence even
after maturation, simple mechanization, high amount of crop residue and simple insertion in
cereal rotation, drought and salt tolerance, pest resistance, high yield and large seed size (Lazzeri
and Avino, 2009).

Under normal conditions, B.carinata has a vigorous growth even on marginal soils, the stem and
leaves are deep green, with anthocyanin in cold periods; leaves are waxy with seeds high in the
erucic acid and glucosinolates. Therefore, not commonly used for production of edible oil
(Rakow, 2004). Its cultivation so limited, and grown as garden crop around homestead or
sparsely mixed with thick crop stands of maize, sorghum, teff and finger millet (Velasco et al.,
2004). Even though it has been forgotten in the line of research, a basic experimental study on
non-traditional use of the crop has given positive results. For example, after transesterification;
the oil exhibit physical and chemical properties suited for bio-diesel (Cardone et al., 2002).
Industrial uses comprise exchange of biomass to bio-energy (Ofori and Becker, 2008; Sabaghnia
et al., 2010; Sarhad, 2013). In general, B. carinata have proven to be one of the few
commercially important oilseed plants to respond to biotechnologies quickly (Pandey et al.,
1999).

2.2.2. Economic importance of Ethiopian Mustard

B. carinata was categorized as one of the most important traditional East African vegetables in
the amount of both crop area and human nutrition together with B. juncea, B.napus and B.
oleracea. Unlike the nutritive value of white cabbage, the nutrient composition of these green
leaf cabbages is high (Warwick et al., 2006).

Ethiopian mustard is traditionally used for many purposes, such as greasing traditional bread
making clay pan, curing certain ailments and preparing beverages (Nigussie Alemayehu et al.,
2001). The oil is also used for cooking in the country, usually adulterated with oils from niger

seed or linseed. Besides the utilization of the crop as oil source, Ethiopian mustard is commonly
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used as a vegetable in Ethiopia. The young leaves and branches are usually used as a side dish
after it has been cooked and served with the known local food of Ethiopia, ‘Enjera’. In some
southern part of Ethiopia, the leaf is cooked or boiled with meat and served as a main dish to be
eaten with the local bread made from ‘Enset’ (Ensete ventricusum).

The crop has several industrial uses; according to Gonzalez-Garcia et al., (2009) bioethanol can
be synthesized from B. carinata oil using KOH (Potassium hydroxide) as catalyst. In addition,
the fatty acid ethyl esters (biodiesel) from B. carinata oil were very stable or did not demonstrate
rapid increase in peroxide value, acid value, and viscosity with increasing storage time. B.
carinata can also be used for arsenic intoxicated soil treatment as a biofumignt; the plant has the
ability to tolerate arsenic toxicity by accumulating the substance in its leaves like its parent’s B.

oleracea and B. nigra (Artus, 2002).

2.2.3. Medicinal importance of Ethiopian Mustard

B. carinata could also be used in pharmaceuticals, hirudin a pharmaceutical protein commonly
used as anticoagulants to prevent thrombosis has been successfully expressed and purified in
seeds of B. napus and B. carinata (Miao et al., 2008). For the production of chemical additive,
nervonic oils extracted from B. carinata can be used as chemical feedstock in a number of

industrial applications including polymers and polymer blends.

Research in USA reported that sulforaphane, a component of mustard has been found to inhibit
the proliferation of human breast cancer cells. Oral administration of either sulforaphane or its
glucosinolate precursor glucoraphanin has been shown to inhibit carcinogen-induced mammary
carcinogenesis in rats (Steinmetz and Potter, 1996). Components of mustard have been shown to
have antimutagenic, antidiabetic, antifungal, antimicrobial and antioxidant effects (Miao et al.,
2008). White mustard seed has been shown to inhibit colon cancer formation when added to the
diets of both normal and obese rats. B.campestris has been shown to inhibit the formation of
carcinogen-induced stomach and uterine cancer in mice. According to Steinmetz and Potter
(1996), in addition, cruciferous vegetables have also been shown to reduce the risk of gallbladder
and urinary bladder cancer and inhibit the proliferation of lung, pancreatic and prostate cancer

cells.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted in Haramaya University (HU) Botany Laboratory and green
house found in Rarre research field. Haramaya University is located at 42 ° 3' E longitudes, 9 °
26' N latitude at an altitude of 2006 meters above sea level (m. a .s. I) (FAO, 1990). It is 508 km
far from Addis Ababa to the east.

3.2. Collection of Soil and Plant Samples

The mature plant leaves of P. juliflora were collected from the P. juliflora trees located
around Dire Dawa rural area. Part of the leaf sample collected was freshly washed carefully
with distilled water to remove contaminants and air dried in the laboratory at room
temperature until preparation of extracts. For soil sampling, four places that serve as replicates
having P. juliflora individuals with full of canopy coverage, but edges with no P. juliflora
individuals were selected. Soils from the depth of about 20cm were collected in distance
gradient starting from the underneath the canopy of the four individuals of P. juliflora, edge
of P.juliflora canopy, from 1m and 2m distances away from the edge of the canopy. The soil
were sampled by laying a 1x1m plot at each sampling point from each corner and center of
the plot and made into composite. All soil samples were sieved through a 2 mm sieve to
remove large clods of dirt, roots and other vegetative materials. Parts of the sampled soils
were brought to the laboratory for soil residual toxicity bioassay and chemical and physical
analyses while the rest were used to cultivate the test plant in pots in green house.

3.3. Preparation of Leaf Extracts

Plant leaf sample was extracted with the help of organic solvents (hexane and ethanol) by
soaking of 100gm of the leaf powder in 300 ml of organic solvents separately for 24 hours
with intermittent stirring with glass rod. Then the extracts were filtered using whatman No 1
filter paper and stored in the refrigerator until bioassay. The extracts were allowed to dry in

order to completely remove the solvents under rotary evaporator. The prepared crude extracts
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were further dissolved in distilled water to have 5%, 10%, 15% and 20% concentrations of

leaf extract for treatment group while distilled water used as control (0%) accordingly.

3.4. Testing of the Effect of Leaf Extract on Germination of Test Crop

Seeds of B. carinata were first surface sterilized using 15% Sodium hypochlorite for 20 min,
rinsed and washed with distilled water several times (Tinnin and Kirk-Patrick, 1985). Then 10
seeds were placed evenly on Whatman No.1 filter paper in Petri dishes of 9cm that received 15
ml of 5, 10, 15 or 20% extracts. The negative control received distilled water. The petri-dishes
were kept in the laboratory and always kept moist by adding 2ml of extract for treatment group
and distilled water control group in equal time interval, and moved round to balance position
effect. The experiment was done in a completely randomized design with three replications.
Germination percentage, radicle length (cm), plumule length (cm),root length (cm) and shoot

length (cm) were recorded over 15 days of incubation.
3.5. Effect of Soil Residual Toxicity on Ethiopian Mustard
3.5.1. Soil bed bioassay

Soils from the four selected P. juliflora were sampled in distance gradient, that is, from
underneath P. juliflora thickets, at the edge of P. juliflora canopy, 1 and 2 m away from the
canopy. The soils were then dried at room temperature in laboratory and sieved through 2 mm
sieve to remove non-soil materials. One gm of soils from the four treatment sites and four
distance gradients were then used as seedbed in petridish by topping them with a single sheet
filter paper. The petridishes were moistened with 15 ml of distilled water and seeds of test
species were sown and left for 3 days at room temperature. The experiment was done in
completely randomized design with three replications. Germination parameters such as
germination percent, plumule and radical length were recorded for over 15 days of sowing the

seeds.

3.5.2. Soil extract bioassay

Five gm of soils from the four treatment sites and four distance gradients were dissolved in 100

ml distilled water and filtered after 24 hrs. Then the soil solution was filtered. The filtrate (15 ml)
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was used against the same test species as used in the case of leaf extracts in petridishes in the
laboratory. Germination parameters such as germination percent, plumule and radical length

were recorded for over 15 days of sowing the seeds.

3.5.3. Cultivation of test plant in pots in greenhouse

Seeds (10) of the test plant were sown in pots filled with soils obtained from four sites of
selected P. juliflora individuals in four-distance gradient as indicated above. Eight pots (two
pots having soils from each treatment) were arranged on a table in three replicates in
greenhouse. The plants were watered with tap water regularly to keep soils always moist, but
were not fertilized. Data collected included germination percentage and growth performance
such as shoot length, shoot fresh and dry weights and yield and yield related parameters
(Patnaik, 1998).

3.6. Analyses of Soil physico-chemical properties

Soil samples were physico-chemically analyzed following standard techniques (Hussain, 1989).
Soil pH were determined with a pH meter (pH rex-2 lei-ci, Shanghai) with a 1: 2.5 w/v (soil:
distilled water) ratio. Soil organic matters (SOM) were measured using the K2Cr207-H2S04
oxidation method (Nelson and Sommers, 1982). Total phosphorus (P) and available P were
determined using the colorimetric Molybdenum-blue-method (Olsen and Sommers, 1982). Total
nitrogen was determined using kjeldahli digestion method. Each analysis was replicated three

times.

3.7. Data Analysis

To determine statistical difference between the treatments, data were subjected to one-way
ANOVA using statistical package SPSS version 16. Differences between means were

considered statistically significant at P<0.05.
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4. RESULTS AND DISCUSSION

4.1 Effects of Leaf Extracts on Germination

The study revealed that both ethanol and hexane leaf extracts of P. juliflora significantly
reduced seed germination parameters (i.e., percent germination, plumule and radicle lengths) at
all concentration levels when compared with the control (Table 1). Degree of inhibition found
to increase with increasing extract concentration. Percent germination, plumule and radicle
lengths were highly negatively affected by hexane extracts than ethanol extracts. That is to say,
complete failures of seed germination were observed when treated with hexane extracts at 15 and
20% concentration levels. This may be due to the varying potential of the two solvents to yield
different compounds owing to their varying polarity. This result, in general, showed that clearly
P. juliflora has allelopathic effect on B.carinata germination, which is in agreement with the
reports of Sundaramoorthy et al. (2004) who reported that the P. juliflora significantly inhibited
the seed germination in Pearl millet. Such inhibitory effects of P. juliflora have also been
reported previously by other authors. For example, Al-Humaid and Warrag (1998) reported that
aqueous leaf extracts of P. juliflora showed inhibitory affects on both the radicle and plumule
lengths of Cynodon dactylon. Similarly, Khan et al. (2005) have found that aqueous extract
application of P. juliflora significantly reduced the germination and seedling growth of wheat.
They also indicated that maximum degree of inhibition occurred when leaf extract was used than

stem and root extracts.

Table 1. Effect of ethanol and hexane leaf extracts of P. juliflora on germination percentage,

plumule and radicle lengths

Ethanol extract Hexane extract

Extract Germination Radicle Plumule Germination Radicle Plumule
concentration percentage length (cm)  length (cm) percentage length (cm)  length (cm)
(%) (%) (%)

Control (0%)  89.25+2.17°  1.0#0.05*  1.10+0.14a  89.25+2.17°  1.0+0.05*  1.10+0.14%
5% 78.0+1.68°  0.74+0.04°  0.73+0.10°  77.254#2.43%  0.68+0.08°  0.73+0.04°
10% 75.042.20°  0.54+0.07°  0.44+0.02° 58.75+9" 0.42+0.03°  0.44+0.05°
15% 57.5+3.23°  0.44+0.07°  0.33%0.04° - - -
20% 48.75+4.27%  0.25+0.02°  0.27+0.03° - - -
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Note: (-); no germination at all. Differences between means were considered
statistically significant at P<0.05; Values followed by different small letters in a column
are significantly different while those with the same letters are not statistically vary.
Each value is a mean of four replicates £ SE (n=4).

4.2 Effects of Leaf Extracts on Shoot and Root Growth

The results of the present finding signify that both ethanol and hexane leaf extracts at all
concentration levels were significantly (P< 0.5) reduced shoot and root lengths when compared
with the control. Growth was also found to progressively decrease with increasing extract
concentrations (Table 2). Nakano et al. (2002) previously indicated the growth inhibitory effect
of syringin and lariciresinol isolated from P. juliflora on lettuce seedlings and Barnyard grass.
Agueous extracts of P. juliflora was also reported to reduce seedling growth in B. campestris.
Leaf aqueous extracts of P. juliflora inhibited root and shoot growth of Cynodon dactylon (Al-
Humaid and Warrag 1998). In other study, the mesquite extract is reported to cause maximum

reduction in root length of wheat (Siddiqui et al., 2009).

Table 2. Effect of leaf extracts on shoot and root elongation (cm) of B. carinata

Extract

concentration Ethanol extract Hexane extract

(%)

Root length (cm)  Shoot length (cm) Root length (cm) Shoot length (cm)
Control (%) 1.48+0.14% 1.87+0.4° 1.48+0.14% 1.87+0.36°

5% 1.17+0.21° 1.4+0.2° 1.05+0.11° 1.08+0.10°
10% 0.94+0.19° 1.3+0.3% 0.67+0.09° 0.83+0.12°
15% 0.90+0.25° 1.1+0.2° - -
20% 0.56+0.12° 0.6+0.1° - -

Note: (-); no germination at all. Differences between means were considered
statistically significant at P<0.05; Values followed by different small letters in a column
are significantly different while those with the same letters are not statistically vary.
Each value is a mean of four replicates + SE (n=4).

4.3. Effects of Soil Residual Toxicity Bioassay

a) Soil bed Bioassay
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Results of soil-bed culture showed that percent germination, plumule and radicle lengths, and
shoot and root growths did not vary significantly when seeds were sown on soils sampled from
different points in distance gradient from P. juliflora canopy. However, all parameters increase
with increasing distance from P. juliflora, suggesting that soil toxicity may be higher under P.
juliflora canopy than far away from it (Table 3). The present results coincide with the findings of
Sundaramourty et al. (1992) who reported that soil collected from beneath Acacia tortillus and P.
cineraria had no significant inhibition.

Table 3. Effect of soil-bed on seed germination percentage, Plumule and radicle length, and

shoot and root length.

Distance Germination Radicle Plumule Root length  Shoot length

Gradient per‘éﬁ/:)tage length (cm) length cm)  (cm) (cm)

2m away 7254595  1.04+0.17*°  0.81#0.12°  5.25+0.63° 5.29+0.6°

1m away 70+4.56° 0.76£0.19°  0.72+0.1° 4.8620.19° 4.45+0.26°
Edge 67.25#3.07°  0.68+0.12°  0.50+0.12°  4.63+0.38" 4.0+0.1°

Beneath 56.25+4.27°  0.44+0.05°  0.46x0.05°  4.16+0.12° 3.53+0.2°

Note: Beneath, edge, 1m and 2m indicate position of soil sample relative to P. juliflora.
Differences between means were considered statistically significant at P<0.05. Values
followed by different small letters in a column are significantly different while those with
the same letters are not statistically varied. Each value is a mean of four replicates + SE
(n=4).
b) Soil extracts bioassay
Similarly to soil-bed experiment, the findings of seed germination on extracts of soils sampled
from different sites in a distance gradient from P.juliflora showed no statistically significant
difference (P>0.05) with respect to percent germination, plumule and radicle lengths, and shoot
and root growths (Table 4). However, all parameters increased with increasing distance from P.
juliflora, suggesting that soil toxicity may be higher under P. juliflora canopy than far away from

it (Table 4).
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Table 4. Effect of extracts of soil on seed germination percentage and seedling growth of B.

carinata
Distance Girrgzi;zn Radicle Plumule Root length  Shoot length
Gradient P (%) g length (cm) length (cm) (cm) (cm)
2m away 78.2545.52*  1.29+0.34° 1.0£0.17° 6.04+0.87° 5.63+0.55°
1m away 75.25+4.39°  0.7+0.07° 0.65+0.12° 457+0.22° 4.86+0.19°
Edge 71+3.67° 0.65+0.05°  0.62+0.07° 4.32+0.27° 4.63+0.38°
Beneath 61.25+4.27°  0.65+0.06°  0.53+0.01° 4.17+0.08" 4.16+0.12°

Note: Beneath, edge, 1m and 2m indicate position of soil sample relative to P. juliflora.
Differences between means were considered statistically significant at P<0.05. Values
followed by different small letters in a column are significantly different while those
with the same letters are not statistically varied.Each value is a mean of four replicates
+ SE (n=4).

4.4. Effect of Soil Underneath of P.juliflora on Cultivations of B.carinata in

Greenhouse

Germination percentages, plant height, fresh and dry shoot weight, number of pod/plant, number
of seed/pod, seed yield/pot and 1000 seeds weight (gm) varied significantly (P<0.05) between
soils of different sites in distance gradient from P. juliflora (Table 5). That is, all parameters
were found to increase with increasing distance from P.juliflora canopy. The results of present
study is in agreement with the findings of Jones et al. (1996) who observed that sorghum grain
yields were significantly higher in control (without any trees) and in pruned P. juliflora plots
than plots underneath P. juliflora. This may also suggest that not only underground competitions
for water or nutrients are taking place, but also the lack of light due to tree shading may play

another important role.

Other studies (e.g., Goel et al., 1989; Noor et al., 1995; Al Humaid and Warrag, 1998) also
indicate that P. juliflora has substantial allelopathic potential. Allelochemicals could directly
affect plant growth or also influence soil microbes (Inderjit and Putten, 2010). Inderjit et al.
(2008) compared the effects of soils from the rhizospheres of P. juliflora and P. cineraria and
found that soil under P. juliflora had higher concentrations of total phenolics, and inhibited total

biomass of Bambusa arundinacea more than soil from under the native congener.
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Table 5. Impact of Soil on seed germination, growth performance, yield and yield components of

B. carinata
Distance Beneath of edge of Imaway of  2m away of
Gradient canopy canopy canopy canopy
Germination (%) 62.5+2.63° 7142.27° 77.75+25°  88.5+1.84°
plant height (cm) 77.25+1.11° 92.75+8.37%°  99.9+5.0° 106.25+7.2°
fresh shoot weight (gm)  12.75+0.75° 15+2.42" 29.5+7.42° 34+5.18°
dry shoot weight (gm)  10.25+0.85° 14.5+1.84° 16.75+0.85°  21.25+2.1°
1000 seed weight(gm) ~ 1.36+0.12° 2.24+0.25° 2.85+0.12°  3.92+0.23°
Number of pod/plant 23.25+1.18" 31.75+1.18*  33.75+2.4°  38.75%4.23"
Number of seed/pod 7.0+0.37° 8.0+0.41° 0.18+0.28° 12.50+0.29°
Total yield/pot(gm) 2.41+0.23° 3.52+0.21°  3.75+0.9° 4.75+0.32°

Note: Differences between means were considered statistically significant at P<0.05.
Values followed by different small letters in a row are significantly different while
those with the same letters are not statistically varied. Each value is a mean of three
replicates + SE (n=3).

4.5. Soil physical and chemical properties

The pH value and available P were showed significant difference between soils sampled from
different points in distance gradient from P. juliflora (Table 6). Values were found to increase
with increasing distance from P. juliflora. However, SOM, total N and total P did not show
significance difference (P>0.05) though their values appeared to decrease with increasing
distance from P. juliflora. The slight acidity of the soil within the canopy zone could be
attributed to leaches and exudes from litter fall and roots. The findings of this study were in
agreement with those of Bhatia et al. (1998) who observed a significant reduction in the soil
reaction (pH) under the canopies of P. juliflora. Acid soils (generally defined as having a pH<5)
present several indirect challenges to plant health, mainly phosphorus (P) deficiency and
manganese (Mn) toxicity. The accumulation of total nitrogen under the P. juliflora canopy may
be partly due to the earlier seasonality of litter fall and reduced leaching under the tree canopy.
These results corroborate with that of Wasonga (2001) who states the existence of higher
concentration of total carbon and nitrogen in the soils within the canopy than in soils in the

adjacent open area.
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The lower available phosphorus content under canopy in this study may be due to biological
processes that are continuously taking place between the Rhizobium bacteria and the tree roots
since P. juliflora is leguminous tree. Rhizobium bacteria utilize phosphorus in synthesizing their
proteins and hence the low level of it under the canopies. Young (1989) observed low
phosphorus in sub canopy zones and attributed it to being utilized in biological nitrogen fixation
by the Rhizobium bacteria. Low P availability is an inherent challenge to root growth in acid
subsoil. Unlike Ca, P moves readily in the phloem and provided to growing root tips by the plant.
However, bioavailable P is concentrated in the topsoil because of the low mobility of P in soil
and the accumulated effects of biomass deposition and greater microbiological activity in the
topsoil (Lynch and Brown, 2001). In contrary, soil organic matter (SOM) accumulates/increases
under canopy because of carbon fixation in photosynthesis (Bhojvaid and Timmer, 1998) that
this organic matter is transferred into the soil by leaf litter and root activity of P. juliflora.

Table 6. Chemical analyses of soil samples that were taken from the P. juliflora invaded sites and

the adjacent natural sites

Soil distance available P
0, 0, 0,

gradient pH value SOM (%) (mg/kg) Total P% Total N%
Beneath of 4.5+0.29° 16+0.06°  12.08+0.93°  0.73:0.32°  0.79+0.26%
canopy
Edge of canopy ~ 5.23+0.50° 1.41+0.28° 15.74+0.63" 0.41+0.2° 0.62+0.21°
Outofcanopy g 41.031°  1334015°  10.88+152°  0.28+024°  0.14:0.03°
(1-2m) away

Note: Differences between means were considered statistically significant at P<0.05.
Values followed by different small letters in a column are significantly different while
those with the same letters are not statistically varied.Each value is a mean of three

replicates (n=3).



5 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1 Summary and Conclusions

This study was conducted with the objective of evaluating the growth inhibitory effects of leaf
extracts of P. juliflora and soil invaded by it on B. carinata. The experiments were done both
in the laboratory and greenhouse. Laboratory experiment was done using ethanol and hexane
leaf extracts (5, 10, 15 and 20%) on germination and seedling growth of B. carinata. Soil
toxicity was also tested on the same parameters under laboratory condition while greenhouse
experiment was pot culture of B. carinata on soils obtained from different points distance
gradient from P. juliflora canopy. The results showed that both solvents extracts of P.
juliflora inhibited germination and growth of seedlings under laboratory conditions in a
concentration dependent manner. However, soil residual toxicity test made in the laboratory
showed no significant negative effect on germination and growth of seedlings. However, pot
cultivation of B. carinata in greenhouse showed that soils obtained far from P. juliflora
canopy favored all measured parameters. In conclusion, Leaf extracts and soils invaded by P.

juliflora have allelopathic effect on B. carinata.

5.2 Recommendations

Based on the current results of the finding the following recommendations are forwarded:

®,

% B. carinata should not be cultivated on a soil that has been highly occupied by P.
juliflora and near by it.
%+ Similar experiment should be carried out using root and stem of P. juliflora with

different solvents.

22
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7.1. Some Figures During Laboratory Work
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7.2. Some Figures During Greenhouse Work
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