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Abstract

Flooding beongsto the nost threatening natural hazards causing immense economic and social losses
especially in urban areas. Flood risk assessment is an essential part of flood risk management. Few
enmpirical studies havebeen conductedin relation with urban flood risk assessment at different areas.
However, vulnerability should be considered in a broad context, encompass ng specific physical location
of the area and human, socio-econonmic, and environmental factors Moreover, a proper urbanflood risk
assessirent is challenging and more multi-facetted as existing common methods do not usually
incorporatesocial and ecological impacts but exdusively assess economc damages. Hence, theresearch
assessed all three dimensionsof floodrisk leve in Adama City using multicriteriaapproach. The results
reveal that 10.4% of total area of the City iswithin highflood hazard zone; 32,670 residents distributed
in 8 Kebelesarelivingin flood risk area; 867.6 ha of land functioningfor different land uses located at
different parts of the City indicates significant economic risk. Moreover, 167.73ha of land with erosion
potential identified at southern part of the City highlights ecological flood risk of the City. The study also
indicates that flooding in the City is primarily attributed to low drainage density, low elevation, and
impervious surfaces due to urbanland use. On top of this, closed/obscured existing stormdrainage lines
have significant contribution for floodrisk level in the City. The findings of the study would provide a
base to formulate flood mitigation plans, enhance pr eparedness, response and recovery, and effective
utilization of funds for holistic flood risk reduction.

Key words: Flood, Vulnerability, Hazard, Multicriteria, Risk
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1. INTRODUCTION

Flooding belongs to the most threatening
natural hazards causing immense economic
and social losses throughout the world.
Flood hazard is expected to increase in
frequency and severity, through the impacts
of global change on climate, severe weather
in the form of heavwy rains and river
discharge conditions (Dihn et a., 2012).
Surface water flooding (urban flood) occurs
due to a complex interplay of factors,
including the precise location, intensity and
duration of ranfall, the characteristics of
urban land surfaces, and engineering design
of the surface drainage and sewer system
(Jerkins et al., 2016). Surface water
flooding tends to be most severe during
intense rainfall downpours, which is often,
buu not exclusvely, associated with
convective rainfall everts.

In Ethiopian context, floods at a time of
unusually high rainy days overtop the
normal flood ways and create a lot of
cdamty to the resdents. In Adama City,
flood has been the most severe natural
hazards resulting in enormous risks in recernt
past. For instance, floods occurred in 2008,
2009, and 2016 caused huge costs in
different parts of the City. Observations
from time to time revea significant increase
of socia, economical and ecological flood

damages. This is due to lack of integrated
early warning system for flood risk
management  in the current practice  of
Adama City administration. Such problems
obviously require an ongoing improvement
of analyss, mitigation and management
(Ebert et a., 2009).

Flood risk management process should be
comprehensve understanding, anayss and
assessment before flood mitigation measures
are planned and implemented. It is the only
way to provide planners with informeation
about the comporent of risk that is
prevailing in the area under consideration.
On top of this, methodologies to support
decison meking should be based on much
broader concept of risk i.e. economical,
socia, and ecological. This alows us to
analyze the combined effect of hazard and
vunerability so that a wide range of options
can be accounted.

Among few studies conducted in relation
with urban flood risk assessment at different
areas, Morita (2014) determined flood risk
impact factor for comparatively evaluating
the main causes that contribute to flood risk
in uwban dranage areas; Yashon and
Ryutaro  (2014) provided methodological
overview for urban flood wulnerability and
risk mepping by taking Eldoret municipality
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in Kenya as a case Study assessmet;
Jerkins et a.(2016) used an Agent-Based
Model approach to assess suface water
flood risk and management strategies under
future climate change. However,
vunerability shoud be consdered in a
broad context, encompassing  Specific
physical location of the area and human,
socioeconomc, and environmental factors.
Moreover, a proper uban flood risk
assessment is challenging and more multi-
facetted than in rural areas because common
flood risk anayses methods do not usually
incorporate social and ecological impacts
but exclusvely assess economic damages

2. MATERIALSAND METHODS

2.1 Description of the study area

Adama City is one of fast growing cities in
the country with an esimated totd
population of 343,212 (CSA, 2009). It is
stuated in Rift valley within Awash River
Watershed in Oromia Regional State of
Ethiopia. It was established in 1916 on flat
terrain characteristics and surrounded by
plateaus, mountainous ad ridged
topography aong Addis Ababa to Harar
road at distance of about 96 km. It is located
between 8°26°15-8°37°00"N, 39°12°15™-
39°19°45”E. Aliitude of the area ranges

(Hague and Etkin, 2007). Above dl, as to
our knowledge, specific study that deals
with flood risk assessment in Adama City
has not been conducted yet.

Hence, this study focused on the assessment
of urban flood risk level in Adama City
usng Analytical Hierarchical Process (AHP)
and multicriteria approach. With this am the
study was carried out (i) to identify major
contributing factors to surface water flood in
the City; (i) to identify different levels of
flood hazard zones;, and (i) to asses
economical, social, and ecological flood risk
in the City.

from 1489 m1976 m asl. Average annua
ranfall of Adama City is about 866.25 mm
Most of the rain occurs in rainy season (June
to September). The minimum wind speed
occurs during September (1.65n7s), while
the wind with high velocity occurs during
December, January and February (3.05-3.2
n's). The mean temperature in the City
varies from 11.5 °C to 31 °C. Flooding is a
dgnificant natural hazard in Adama City
mainly attributed to its location within the
flat lying rift and its urban impervious
surface (Seid, 2005).
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2. Methods

Methodological background of this study is a
multicriteria approach  for  flood  risk
assessment and mapping developed by Meyer
et a. (2009a, b). It covers the three
dimensions of wulnerability: social, economic,
and ecological.

The sudy involves identification and
mepping of flood hazard zones, flood risk
mapping by superimposing considered hazard
zone with existing land use of the City in
Geographica  Informetion  Systems  (GIS)
environment. The general procedure used for
the caseis the following:

1. With reference to reviewed literatures
including (Meyer et a., 2009a; Kubal,
2009; and Morita M. 2014), and based
on existing condition of study area,
five most ggnificant flood causative
factors were selected: land use land
cover, dranage densty, dope,
elevation, and geology.

2. Themetic layer of each factor was
prepared and  standardized by
assigning new pixel value.
Reclassification was done based on

estimated  significance  towards flood
generation within a factor.

. Relative dgnificance (weight) of all

factors cortribute to flooding was
determined through pairwise
comparison techniques

. Weighted spatial overlay analysis was

conducted in GIS ewironment to
produce resultant map

. Pixels of the resutant mep were

categorized based on their cumulative
pixel value, and then flood hazard
zones were determned in different
levels.

. Fidd verification of the resut with

areas experienced past historical flood
events was conducted and hazard level
to be conddered for venerability
analysis was determined

. Consdered hazard zone was

superimposed with map of elements at
risk, then flood risk maps were
prepared

. BExtent of each risk was assessed and

andyzed usng eements a risk in
terms of defined damage unit of
measurement
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2.2.1 Selection of causative factors and
standardization

e Landuse

The land-use and land-cover data of the study
area is the most important factor for  flood
hazard zoning as it reflects the current use of
the land pattern, type of its use, and sail
stability and infiltration capacity of the area.
For instance, land-cover like vegetation cover
of soils, whether that is permanent grassand
or the cover of other crops, has an important
impact on the ability of the soil to act as a

In this study, land use land cover map was
prepared from digital orthophoto and round
surveying techniques. Based on ther
estimated relative irfiltration capability, new
pixel values were assigned. Maximum value

e Drainagedensity

Dranage is an important ecosystem
controlling the flood hazards. An area with
higher drainage densty is relatively less
susceptible to flooding than an area with less
drainage  densty. Spatial  analyst, line
densty module was used to compute
drainage density from drainage feature class.
This module calculates the densty of
e Slopefactor

The dope influences the direction and
amount of suface runoff or subsurface

10

water store. Runoff of rainwater is much more
likely on bare fields than those of agricultural
area. On the other hand, impermeable surfaces
of urban area are considered as resistance
cover increase the peak discharge of water
that enhances flooding. However, urban land
use zones such as commercial areas and
resdential areas will not equally decrease the
penetration capacity of the soil and increase
the water runoff. Hence, land use and land
cover are important factors in determining the
occurrence of flood in urban area.

was assgned for the most impervious land
use type (commercia land use), and minimum
vaue was assgned for land use type with
estimated high infiltration capability
(agricultural land).

drainage features in the neighborhood of
each output raster cell. Densty was
calculated in units of length per unit of area.
It is further classified into 9 sub classes. The
maximum value was assigned for pixels in
lower drainage densty class interva and
mnimum value was assgned for pixels
within higher drainage density class interval.

drainage reaching a ste. Steeper dopes are
more susceptible to surface runoff, while flat
terrans are susceptible to water-logging.
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Therefore, an area with low gradient is
higny wvunerable to flood occurrences
compared to high gradient dopes since
excessve water is aways gathered in an
area where the dope is wusudly low.
Accordingly, the dope factor was derived
from contour feature class of the study area
having 5m contour interval. First it was
converted to raster formet by using elevation
attribute as a source. Next using 3D analyst
tools in ArcGIS, Digtal Elevation Mode

e  FElevation factor

In pluwial flood local depressions, i.e., DEM
cells  with than the
surrounding ones are  susceptible  for
flooding since water always gathered at cells
with lower elevation. Pixels of this layer

lower elevation

e  Geology factor

The geology feature class of the area was
converted to raster by specifying cell size
equal to the other factors (10 m). New pixel
2.1.1 Ranking causative factors

Every causative factor has different level of
dgnificance  compared to other factor
resuiting in flooding. For instance, if we
consder dranage densty and elevation
factors, an area with poor drainage density
might be flooded than an area within lower
elevation as lower areas with dense drainage

11

(DEM) of the area was created and the rate
of change between each pixd and its
neignbors was cacuated usng gSpatia
andyst module. The dope raster layer was
further reclassified in 9 sub classes. New
assgned  using
weighting i.e. maximum value was assigned
for pixels within the sub class having the
lower dope values and minimum value was
assigned to pixels within the area with steep
dopes.

vaues were inverse

were grouped into 9 interval sub-classes
based on elevation information. New pixel
vaues were assigned. Higher value was
assigned for pixels in lower elevation range
and minimum value was assigned for pixels
within higher €elevation range.

values were assigned to al geologic type
based on relative estimated significance to
the objective.

is less susceptible. From this, drainage
densty factor is more important than
elevation factor in flood hazard factor rating.
Accordingly, probability rating of flooding
was done by conddering al causative
factors. Therr sgnificance was indicated by
weighting computed by pairwise comparison
usng nine point continuous rating scale
(table 1).
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Table-1: Scale for pairwise comparison (Saaty and Vaargas, 1991)

I ntensity of — :
importance Definition Explanation
1 Equal importance Equal importance or indifference
3 Weak importance of one over Experience and judgment dlightly favor one
another activity over ancther
5 Essential or strong importance Experience and judgment strongly favor one
activity over another
7 Very strong or demonstrated An activity is favored very strongly over another;
importance its dominance is demonstrated in practice
. The evidence favoring one activity over another is
9 Absolute Importance of the highest possible order of affirmation
246 g ||nermedate values between|
S adjacent scale values
Reciprocals | For inverse comparison -

Pairwise comparison matrix was prepared
(table-2). Next, relative weights were
determined in weight module of IDRISI 3.2
software package. In Analysis menu decision
Support system was fed with the pairwise

consstency ratio to indicate the level of
subjectivity in comparison of factors. Poor
comparison made between factors will have
the value greater than 0.1 and vice-versa
The computed eigenvector is used as a

comparison metrix file and the best fit set of coefficiernt for the respective causative
weight was produced. factor.
Pairwise comparison in  AHP  provides
weigt of each causative factor with

Table 2: Pairwise comparison matrix

Elevation Sope Geology Land us§ Drainage density

Elevation 1
Sope 1
Geology 1
Land use 3 7 1
Drainage density 2 5 7 2 1

12
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2.2.3 Flood hazard zoning

Flood hazard zoning
determining the degree of susceptibility of a
given place to flood and indicated by the
resultant values of pixels. In the present
study, the net probability of occurrence of
flood in each pixel was estimated from the
weighted sum of the values of particular

is the process of

Resultantvalueofi‘"cell = Z w;v;
i=1
Where

nis number of causative factors

w; isweight of each factor

vi isvalue of i"" pixel in each factor
Flood hazard map was produced by
weighted spatial overlay of themetic layers
in ArcGIS using gpatial analysis module.
The raster map thus produced shows the
resultant value of each pixel. The higher
value indicates the high susceptibility of the
pixel to flooding. The resulted layer further
2.1.2 Flood risk assessment

Flood risk assessment was conducted for
flood hazard zone considered based on field
and dudy of areas that

i) Social risk

verification

Regarding high densty of population in
urban areas, measurement of potentially
endangered inhabitants is crucia. Hence,

13

pixel in causative factors considered. The
estimating  the
probability of flooding in a particular pixel
is equal to the sum of the product of the
vaue of particlar pixel in every causative
factor (v;) and weight of the causative

factor (w)).

resultant pixel value for

reclassfied into 5 classes using natura
break interval. Then relative flood hazard
levels were assgned to each class
gualitatively form 1 to 5. In other words, 5 is
assigned for a class with high resultant pixel
values and 1 is assgned for a class with

least resultant pixel values.

experienced past flood events. The risk
assessment covers the three dimensions of
vulnerability: social, €conomic and
ecological (table-3).

number of population is considered as
tremendoudy  important.  To  quartify
population living in flood risk zone, first,
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resdentill and mxed land uses within
considered flood hazard zore is extracted by
gpatial overlay analysis of land use map and
flood hazard map. Second, extracted
residential and mixed land uses are spatialy
overlad with map of Adama City Kebele
administrations boundary and spatial  extent
of prone area per Kebele was obtained.
Third, Popuation densty per each Kebele
was computed from registered demographic
data as of 2015 acquired from each Kebele
administration and total resdentidl and

mixed bult up in the Kebee Finaly,
population densty and extracted area of
resdentill and mixed land use within
considered hazard zone in particular Kebele
were multiplied to determine number of
people living in flood risk zore. In this
regard, assumption was made that all
buildings within the particular Kebele have
the same number of floors and population
densty is uniform withn a particular
Kebele.

Table-3: dimensions of risk assessment (Kubal et al., 2009)

Flood risk | Evaluation o . Spatial | Damage
dimension criteria Sub-criteria Elements of Risk unit unit
3 Transport All types of road Line km
g ®.Q Housing Residential land uses Area ha
S §’ % Industrial Manufacturing and storage Area ha
S 25 % | Mixed built up | Mixed land use buildings Area ha
L <8< Recreation Garden and recreational area Area ha
&
, B Population per residentiall and
Social Fl Mixed land use buildings Area | NO
£
Ecological Soil erodibility Hpot”:]f}';d areas  with erosion| 5 o0 | g
i) Economical risk

In this study, economic flood risk was
characterized by aggregated economic risk
based on five land use classes: residential,
industrial, mixed land uses, recreational, and
transport.

14

Map of these land uses is gspatially overlaid
with map of considered flood hazard zore.
Then gpatial extent of each element within
consdered hazard zone is computed in
damage unit assigned to highlight economic
flood risk.
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i) Ecological risk
Besdes economic and socid risk, floods

may aso influence environment and thus
reduce or even enhance biodiversty and

However, due to scope of the study and type
of past floods and their consequences, soil
erodibility was sdected as an important

variable to asses ecologica flood risk in
Adama. In this regard, map of considered
hazard zone was spatially overlaid with non-
sealed surfaces with erosion potential. Then
using spatial analysis tool of ArcGIS, extent
of each piece of land was determined.

ecosystem functionality (Apel et al., 2004).

Moreover, Kr'uger et al. (2005) were able to
demonstrate  with the Elbe in 2002 that
can redistribute  existing  soil

particuarly in  urban aress.

floods
pollutants,

3. RESULTS AND DISCUSSIONS

3.1 Relative significances of causative factors

Relative significance of each causative comparison judgments, and thus determined
computed from parwise comparison is weights are acceptable.

indicated (table 4). The level of subjectivity
in comparison of the factors is 0.05.
Consstency ratio is much lower than the
threshold value (0.1). This indicates a high
conssency in the pairwise

Among causative factors, drainage density is
found the highest contributing factor to
flooding in the study area followed by

level of devation and land use factors.

Table 4: weight of each causative factor determined from pairwise comparison matrix using
IDRISI 3.2

Factor Weight (%)
Drainage density 39.08
Elevation 30.03
land use 18.94
Slope 831
Geology 3.64

Computed consistency ratio = 0.05

15
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3.2 Flood hazard zones

Weighted spatial overlay resuts a single
map (figure-1) from the combination of all
andyzed causative factors. The map shows
different flood hazard zones in different
level. This resultant map is known as flood
hazard map.

The result shows that sites covering 1385 ha
(10.4%) of the total study area are within
high flood hezard zone. These areas are
gpatially located at the central and southern
parts of the City. They are generdly laying
a low elevation within paved regons. In

addition, stes covering 2643 ha (20%) of
land are located in moderately flood hazard
zone. They are spatidly adjacent to high
hazard zone and stretched in north and south
west - part of the City. Further, 5153 ha
(38.9%), of the study area is located in low
flbod hezard zone. These areas are
considered as the aea  where
lessdevelopments have taken place. The rest
areas with 4103.5 ha (30.7%) of land is
located in very low and outside of hazard
zones. These areas tend to be on the
highergrounds

A
B

525000 $30000
n n

C

$35000
"

B]

950000

MS000

0000

935000

050000

Hazard level
- Insignificant
B very low
B Low
Modemte

High

45000

40000

Coor. System: Adindan UTM Zone 37N
Projection: Transverse Mercator
Datum: Adindan

False Easting: 500,000.0000

False Northing: 0.0000

Central Meridian: 39.0000

Scale Factor: 0.9996

Latitude Of Origin: 0.0000

Units: Meter

T
935000

525000 530000

535000

Figure-1: Flood hazard zones in Adama City in different hazard level
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Field verification of the result of flood hazard
zoning revedled that gStes  frequently
Site-A is around Metal and Engineering
Corporation formerly known as
Assembly”. It is an area where potential flood
occurred during flood event in 2016. The area

“Tractor

527500

S000
945000

44500

Q44500

G440

0 0125025 05
— — T

N
A O

Figure-2: Site-A, around Tractor assembly

Bedde high suface runoff from upper
catchment, limited drainage with low dope
range of the area contributed to water
accumulation in the site causing flood.

Site-B is located in central part of the City in
Kebele 09 around “Organ” Hotel This area

17

experienced past flood everts, labeled in
figure-1 are gpatialy located in high flood
hazard zone idertified in this study.
is manly characterized by
developments (figure-2).

industrial

is perceived dense resdential area Stuated
on low elevation range with limited drainage
lines (figure-3). On top of this, existing
storm water drainage lines are closed with
different urban wastes and construction for
crossng utlites. This explaned why
potertial flood events occur every year in
the area.

528000

528500

040

Figure-3: Site-B, around Organ Hotel
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Site-C is located at southern part of the City
around “Tikur Abay” Hotel. The area is
suted on low €evation range and
characterized by low drainage density and
illegal residential developments  (figure-4).
The combined effect of these factors
contributes to flooding a this area. This
explained why frequent flood events occur
in this areaevery year.

529000

Q320000

41000
00

N' : Legend

A D Sie-C

0 0175 035 07

Figure-4: Ste-C, around “Tikur Abay”

Site D is located around “Migira” pond in
Kebele 02 (figure-5). It is characterized by
low elevation with insignificant drainage
density. These factors highly contribute to

18

flooding in the area, as runoff from all
directions around the area flows towards the
cell with low elevation.

530000 531000 S32000

943000
943000

042000
942000

41000
000

531000

532000

N Legend

s

0 025 05 1

Figure-5: Site-D, around “Migira” pond ‘

Other gtes classfied in high flood hazard
zone are mainly characterized by
elevation and limited drainage networks.

low

During field verification, it is also observed
that some areas that experienced past floods
in the City are identified within moderate
flood hazard zone. This might be because of
two reasons. the first is most cobble stone
roads constructed in  resdential areas
hindering runoff water infiltration, the road
side drainage lines and the existing crossing
drainage structures  (culverts) are under
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capacity as compared with discharge
expected to pass through it. Second, these
structures are closed with different  solid
wastes and construction
drainage lines for crossing utilities reducing
efficiency of the structures. This explained
3.3 Flood risk

in storm water

In this study, for flood risk assessment only
high flood hazard zore is consdered since
gpatial location and extents of wvulnerable
areas due to past historical floods are within
ths zone. Hence, for each of the three
dimensions of wvulnerability, a separate risk
map is prepared by intersecting considered
hazard zone with map of elements at risk.

e Social risk

The result depicted in figure-6 and table-5
demonstrates that the level of social flood
risk in the City by indicating the number of
people living in flood prone area distributed
in different administrative units. The risk
case obtained from Kebele 09 is the highest
and followed by Kebele 03 and Kebele 02.
The less affected administrative units are
Kebele 14, Kebele 10, Kebele 13, Kebele
05, and Kebele 11.
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why flood in June 2016 occurred in different
pats of the City where there is better
drainage densty and relatively high ground.
In genera, the result indicates that natural
and manmade factors seem to contribute to
past flood everts in the City.
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Figure-6: Social flood risk map of Adama City

Table 5: Number of people in flood prone area
of Adama city

Popn Density
affected Total
Kebele Area (ha) Popn
(No/ha) -
09 152.84 73 11,158
03 106.80 86 9,185
02 68.78 65 4471
14 75.64 58 4,349
10 26.17 58 1,505
13 18.32 69 1,264
05 8.84 67 592
11 2.28 65 147
Sum 32,670
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On top of this, mgjority of the stes located
in Kebele 02 and kebele 03 are illegal
developments usually characterized by high
population density and lack of transportation
access. These dso increase the risk level
during flood incidert.

e Economic risk

Economic flood risk is depicted in figure-7.
This includes 176.1 ha industrial, 571.1 ha
residential, 120.4 ha mixed built up, and
_1.8km paved road.
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Figure-7: Economic flood risk map of Adama

City
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Further analysis reveals that industries own

high vaue assets including buildings,
machines, equipments, and  production.
Besides, such large developments create

employment opportunity for the residents of
the City and its surroundings. Thus, the
damage of such developments will result in
high economc loss for developers and
economc crises for employees in particular
and for the country in general.

Moreover, the economic flood risk is also
not limted to industrial site. 1t also damages
of residential buildings, different small scale
enterprises, related social  services, and
infrastructures located within mixed built up
areas are also results significant economic
lose.

e Ecological risk

With regard to ecological aspect, the
assessment indicates 138.1 ha of land with
eroson potential is identified at southern
part of the City (figure-8). Easlly erosion of
this site would result in formation of number
of gullies which encourages transportation
of soil from the area and depost in main
sreams  passng though the City and
crossng structures. This causes additional
rehabilitation works and clearing of stream
bed.
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Figure-8: Ecological flood risk map of Adama
City

Despite it’s location in considerable hazard
zone, 231.8 ha of land is free of the three
dimensions of venerability used in this
study. Out of this 176.44 ha is located in
Kebele 03 mainly characterized by bare land
and the rest 55.4 ha located in Kebele 02 is
cultivated land at the outlet to Assela City.
Even though currently there is no
development in the areas, they are proposed
for resdential and mixed land use by Adama
City administration mester plan 2004. This
may increase social and economical risk of
the City.

4. CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion

This study adopted AHP and multicriteria
approach to identify flood susceptible areas
in Adama City and assess the potential flood
risk in the area. The result reveals that mgjor
factors contributing to flooding in Adama
City are drainage densty, elevation, and
land use. Conversely, the contribution of
dope and geologica factors is
significant. Furthermore, the result
demonstrates that the 10.4% of the study
area composed of different urban land uses

less
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lies in high flood hazard zone distributed in
central and southern part of the City. In
addition, the resut of risk assessment
indicates that 32,670 residents distributed in
8 Kebeles are living in flood risk zone. On
the other hand 867.6 ha of land composed of
different urban land use with significant
potertiadl  is  indentified as
associated economic flood risk. Moreover,
167.73ha of land with erosion potentia

economic
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idertified in  southern  part  highlights
ecological flood risk level in the City.

42 Recommendations

This study provides important informeation
on the mgor contributing factors, spatia
extent and distribution of flood hazard zones
in different level; level of flood risk in terms
of number of people living in flood prone
areas, spatia extents and types of land useg;
and gpatial extent of erodible soils within
consdered hazard zorne. However, the
results should be considered only an initial
step towards understanding Adama City
flood risk. Hence, further researches are
required on several fronts. First, the study
assessed socia risk in terms of total number
of population living in consdered flood
hazard zone. This was done by considering
population density is uniform for specific
Kebele, and numbers of floors of residential
buldings area are the same.Hence, other
studies must be conducted to assess the risk
in terms of different age groups, as the

vunerability of children and elders is high;
population density may vary from place to
place within each Kebele; and number of
floors of residential buildings may affect the
densty of the population.  Second,
economcal risk is assessed in terms of
gpatial extent and selected land use type.
Futher studies are required for detall
quartitative analyss a household level
usng detall land use function in monetary
terms and consdering additional land use
types and facilities that would provide an
increased understanding of potential  risk.
Third, this research assessed the three
dimensons of wulnerability. Hence, the
study should be conducted to assess the
combined effect of al dimensions with
approprigte  scale.  Findly, only soil
erodiblity factor is used to highlight
ecologica flood risk in the area. Hence,
further studies must be conducted using
more indicators to assess environmental
flood risk level in the City.
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Abstract

Conposting of coffee pulp waste whichis abundant in Ethiopia could be a feasible alternative to solve waste
management problemrelated to it and produce a valuable agricultural input used to inprove soil quality.
Efficient use, however, requiresnot only but, knowing the optimum composting time for greater soil chemical
propertiesimprovement. Therefore, in this study some major chemical properties and plant available nutrient
content of composts and after itsapplication in tropical Nitisol were studied. Different age Conpost sanples
were collected, and an amount equivalent of 48 t ha™ was added to a sarrple of a tropical Nitisol. The soil-
compost-mixtureswer e incubated aerobically for 14 weeks The compog sanplesand soil samplesfromthe end
of incubationwereanalyzed for cation exchange capacity (CEC), exchangeablenutrient contents (K, Ca, Mg &
Na) and available P content using ICP-OES instrunmentation. Chemical analysis showed the contents of the
Mehlich 1-extractable exchangeable cationsin the composts were in the order K > Ca> Mg > Na. Content of
exchangeable Ca attained the highest value at the thermophilic phase of conposting where as other
exchangeable cations and CEC attained the highest concentration at the end of conmposting. In conmparison to
the control, all amended soils resulted in a significantly higher Ca & K content irrespective of the age of
compost added. For instanceapplication of COM 1 increased each of themby about 11% and 81%, regpectively,
while CEC was not significantly affected by any of compost amendments (p<0.05). The content of DCaL -P
(ranged from32.5t0 55.1 mg kg ™*) showed no spedific trend with variationin the age of thecompost. In general,
composting increased the agricultural value of coffee pulp waste asit raised theexchangeable Ca, Mgand CEC
values. Whereas, extended conposting beyond thernophilic phase may be not necessary as it does not
significantly affect the nutrient content of the compost and their availability to the plant. On the other hand, a
relatively higher content of exchangeable Ca in relatively ‘‘fresh” compost has particularly important
implications as its application in tropical Nitisols increase the availability of nutrients such as P that is
otherwise strongly fixed by Al and Fe oxides.

Keywords: Exchangeable cations, compost, coffee pulp, Soil chemical properties
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1. Introduction

Low soil fertility is a fundamental impediment
to increasing food production and farm incomes
in many parts of Africa (Sanchez et al., 1995;
Shepherd and Soue, 1998). Limted data
avallable at national level on soil fertility in
Ethiopia suggested that these soils faced
moderate to very severe fertility constraints
affecting key farming regions (Stoorvogel and
Smaling, 1990). This has increased more and
likely worsened with the ongoing climate
change, insufficient soil fertility managemernt,
high rates of soil erosion, increasing population
density, farming without replenishing nutrients
over time, and chemica imbalance issues (for
exarple, acidity and sdinty leading to
fixation). Thus, there is an urgent need to
improve soil fertility and nutrient management
in the country.

Typical tropical Nitisols as used for this study
congtitute 12.2 % of the total area of Ethiopia. It
is characterized as deep (>150 cm) reddish
brown clays, highly weathered, acidic, high P-
fixing and well draned soil. With proper
fertilization and management it is inherently
fertile and productive. But now its fertility has
been depleted due to intensive cultivation,
leaching and eroson (Nigusse and Kiss,
2012). However, under location specific
management  practice this depletion of soil
fertility is minimized or reverted. Among the
different management practices, composting
has been adopted as a method of diverting
organic waste materids from landfills while
creating a product sutable for agriculture. As
reported by several authors, the addition of
compost can be a feasible option to improve the
soil physical, chemica and  biological
properties (Morlat and Chaussod, 2008; Lima et
al., 2009). It is aso evident that the
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incorporation of compost into soils results in an
important  supply of plant nutrient elements,
such as nitrogen (N), phosphorus (P) and
suphur  (S), exchangeable cations (calcium,
potassum, magnesum and sodium) and
micronutrients (Nardi et al., 2004; Weber et al.,
2007). Particularly in highly weathered soils,
composts can aso decrease the rate of
micronutrient leaching and level of P fixation in
a soil (Obi and Ebo, 1995). Likewise composts
can increase pH in acidic soils (Crecchio et al.,
2001; Haynes and Mokolobate, 2002) which
enhances the availability of some nutrients and
reduces the solubility of some toxic elements.
All this possbly results in a reduction in the
amount of mineral fertilizers to be used and
related environmental problems (Grigatti et al.,
2007). On the other hand, compost application
has led to local limitations such as increase in
the sdt content, the toxicity of heavy metals,
unnecessary nutrient enrichments and
subsequent  leaching and immobilization of N
(McComell et al., 1993; Inubushi et al., 2000;
Smith et al.,, 2001). All these constraints
guestioned the feasbility of composting as a
sustainable organic waste recycling technology.
Ore way to avoid such problens is proper
evaluation of compost effects on plant available
nutrients  (Bustamante, 2011). However, very
few data on this particuar characteristic of
composts are available, and very likely those
data need to be determined for each specific
compost and characterization of its subsequent
effectin different soil types.

At present consderable amounts of agro-
industrial wastes such as coffee processing by-
products like coffee pup (40% of the wet
weight) are generated in Ethiopia and other
tropical regions, and become a source of severe
environmental problems (Aranda et al., 2009).
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Proposed adlternative uses for coffee pup
include direct use as a supplement for animeal
feed and soil amendment, as alternative energy
resource, for the production of products
(enzymes, citric acid, and flavoring substances,
natural antioxidants), as a substrate for growth
of mushrooms and uses as adsorbents (Pandey
et al., 2000; Salmones et al 2005, Negassa et
al., 2011). In Ethiopia, however, considerable
amounts of these wastes are dill manly
damped to water bodies, unsanitary landfills
and cause freshwater eutrophication, health
problems, require additional space for land
filling as well as produce offensve odour and
greenhouse gases when collected, transported
and disposed. Moreover, the direct use of coffee
pup as a soil amendments and animal feed is
restricted by the presence of toxic components
such as polyphenols, tanmnins and caffeine as

2. Materials and Methods
2.1. Experimental setup

The soil was sampled from a coffee plantation
farm located in the southwestern highlands of
Ethiopia and belongs to the mgjor Soil Unit
“Nitosol(FAO). The sampling area is situated
36°36’E longitude and 7°56’N latitude. The
elevation varies between 1533-1548 m asl.
Mean maximum and mnimum temperature
range from 26 to 30 °C and 11 to 14 °C,
respectively, and the mean of precipitation
range from 1131 to 1150 mm A total of 50
subsanmples were taken from a total area of 5.91
h, traversed in a zig-zag pattern, from soil depth
of 0-30 cm usng a GPS and an Auger. The
subsamples were well mixed in a plastic
container and then a representative sanple of 3
kg was placed in a labeled plastic bag. This soil
sample was air-dried and milled to pass through
a 2-mmsieve. Its main characteristics were 84
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well as its adverse effects on soil properties
such as induced anaerobic conditions and
release of phytotoxic compounds (Pandey et al.,
2000; Gouwvea et al., 2009; Gezahegre et al.,
2011; Negassa et al., 2011). On the other hand,
the high organic matter, nitrogen and potassium
content as well as low heating values (Orozco
et al., 1996; Pandey et al., 2000) of coffee pulp
opens up the chance for integrating agriculture
and solid waste management by recycling the
waste as compost for the improvement of soil
fertiity and as a mitigation measure of climate

change.

Therefore, the objective of this study was to
determne and compare the change in the
available concentration of nutrients during
composting and after its application in tropical
Nitisol under controlled laboratory condition.

% clay, 14 % silt and 1 % sand, pH (CaCly) 5.2,
electrical conductivity 2.39 mS (cm)?, 3.9 %
Corg» 0.3% N, C/N ratio of 12.0, and 0.1% S.

Composts were produced from fruit/vegetable
wastes and/or wet coffee pup waste in a
method of small heap composting. Heaps were
piled in a bamboo box of dimensions 1.5 m (I)
x 1.0 m (w) x 0.8 m (h)). The platform used has
been consdered as pilot compost production
unit by the Addis Ababa city council, EPA,
Ethiopia. The average temperature is between
15 °C and 25 °C. Two piles were constructed
for experimental purposes with duplicates each
and monitored as treatment COM1 (where the
main feedstock material was coffee pup waste)
and COM4 (prepared by mixing coffee pulp
waste with fruit/ vegetable waste in which the
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ratio was 50:50 by volume). About 5 % (w/w)
soil and 10 % (w/w) of garden trimmings (dry
leaves, and young tree branches) were added as
additional source of microbial colonization and
to improve the pile structure. The moisture
content (MC) of the compost was manualy
estimated on sSte by hand squeezing the
compost tightly. Moisture contents above 40%
were indicated by a formation of a bal up on
squeezing of the compost. Depending on the
situation the piles were watered so as to aways
maintain > 40 % (w/w) moisture. Samples were
taken once a week for pH and MC
measrements in the laboratory. Temperatures
were measured daily for the first two week and
in a three-days-interval during the next period
aways in the ealy morning using digita
thermometers (0.5 and 1.0 m in length) at 2
different points of the hegps (25 and 60 cm

depth). The composting was considered to be
finshed when the temperature of the mixture
remained stable and near ambient (about 21
°C).

Representative compost sanples (about 1 kg)
were taken by mixing nine subsamples from
different levels of the section in the pile along
the whole profile at different phases of the
composting. Day 8 (thermophilic phase =COM -
T), day 24/36 (mesophilic phase =COM-M,
depending on the duration each treatment lasted
in this phase), and 89/119 (final compost
=COM-F, depending on the duration each
treatment lasted in this phase). In this way
composts of different age were obtainedfrom
two different composting piles. The samples
were air dried and ground to pass through a 0.5
mm seve. Main characteristics was given in
Table 1

Table 1. Chemical properties of raw coffee pup waste and compost sanmples from different phases of
composting coffee pup waste. Different letters indicate that samples are significantly different
(P < 0.05) according to Fisher LSD test with in a column and values followed by the same
letters with in acolumn were not significantly different.

Compost PHkz0 Corg. Niot S CIN EC
samples
(gkg") (gkg") (gkg") (mscm™)

RCPW 5.81(0.01)d 397.0(1.6)f 21.1(0.3)e 3.10(0.2)e 18.86 6.73(0.0)d
COM1-T 8.81(0.03)ab 151.0(2.0)a 10.5(0.0)a 1.70(0.0)ad 14.37 1.99(1.3)a
COM1-M 9.29(0.03)a 149.0(4.0)a 12.7(0.5)b 2.22(0.0)b 11.72 2.13(0.0)a
COM1-F 9.07(0.02)ab 139.2(3.0)b 12.7(0.3)b 2.40(0.0)b 10.98 2.07(0.5)a
com4 -T 8.05(0.01)c 107.9(3.0)d 8.74(0.0)d 1.40(0.0)c 12.35 1.36(0.0)f
COM4-M 8.65(0.02)b 93.3(1.0)e 9.32(0.1)d 1.70(0.0)d 10.01 1.07(1.0)c
COM4-F 8.55(0.05)bc 91.49(3.0)e 8.99(0.0)d 1.88(0.0)d 10.18 1.11(0.0)c

COM - compost; T— thermophilic phase M — mesophilic phase F — final stage, RCPW - raw (fresh) coffee pulp
waste; Coq4: total organic carbon; Ny: total nitrogen; C/N: carbonto nitrogen ratio; EC: electrical conductivity

and standard errorsin brackets.
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Aerobic  incubation of the soil-compost-
mixtures was done by mixing 10 g dry weight
of seved soil samples (<2 mm) with fresh and
composted coffee pup waste a desred
application rates (48 t ha') and placed in 100
ml incubation vessels in five replicates each.
They were monitored as treatment S+RCPW,
S+COM1-T, S+tCOM1-M, S+COM4-F

2.2.

The concentrations of total organic carbon
(Corg), total nitrogen (N;) and total sufur (Sy)
were determined for soil, compost and amended
soil samples using a CNS andyzer (Vario EL
I1l;  Eementar  Anaysensysteme, Hanay,
Germany). Available phosphorus  was
determined using the double Ca-lactate (DCal),

2.3. Statistical analyses

Means and standard errors were calculated for
chemical parameters. Data were subjected to
One Way ANOVA test and Fischer LSD Test
to compare mean resuts from amended and
nonamended  soils.  Pearson's  correlation

3. Results and discussion
As shown in the Figure 1 the composts
contained appreciable amount of CEC (>30
cmol kg') and showed a significant increase
during composgting in the order RCPW< COM-
T< COM-F. The increase in the CEC as
composting process progresses indicated the
degree of humification and the functiond
groups responsible for this may be the carboxyl
and phenolic groups formed during oxidation
and decompostion processes of the organic
matter (Lax, 1986). The significart difference

Chemical analysis of soil and compost
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S+COM4-T, S+COM4-M and S+COM4-F. Sail
controls were run without any amendment.
Digtilled water (1 to 5 ml) was added to the
mixtures to keep the moisture at 60% of water-
holding capacity. The incubation was carried
out in a temperature controlled incubator at 25
°C for 98 days. Subsamples (2 g) were taken
destructively from each treatment at the end of
incubation for chemical analysis.

which is the standard method in Germany.
Mehlich-1 (1942) extraction method was used
for determination of cation-exchange capacity
(CEC) and exchangeable cations (Na, Ca, K,
and Mg) in 0.2 N BaCl, extract buffered with
triethanolamine to pH 8. They were determined
by ICP-OES instrumentation.

coefficient was calculated to see how content of
one nutrient added by the compost affect the
availability of other nutrient in the amended
soil. All datistics were computed using data
anaysis and graphic software (Origin 8.1G).

in CEC due to mixing of coffee pup waste with
equal proportions of fruit/vegetable waste
become obvious by comparing the two
composting mixtures COM1 (34.5 to 36.0 cnol
kg!) and COM4 (37.3 to 38.9 cmol kg') in a
different phase of composting (Figure 1). This
suggests  that  co-composting of coffee  pulp
waste with fruit and vegetable waste improves
the humification process during composting.
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The composts contained al the macronutrients
that are necessary for plant growth (Table 1,
Figure 1). The contents of the Mehlich 1-
extractablenutrients in the compost were in the
order K > Ca > Mg > Na(Figure 1). Ther
dggnificant  difference (P < 0.05) among
treatments COM1 and COM4 (Figure 1)
resuted from mixing of equal proportion of
fruit/vegetable wastes with the coffee pulp
waste. For instance, a relatively larger content
of exchangeable Ca in trestment COM4 (ranged

29

from 23.1 to 27.0 cmol kg?') as induced by
larger mineral content of frut and vegetable
waste (Garcia et al., 1993) is of great interest as
nutrient  deficiencies in  tropical acidic  soils
were occured when Al has taken the buffering
role over Ca up on its depletion (Harter, 2002).
However, ggnificantly higher contents  of
exchangeable K and Na in treatment COM1
indicated their amounts were much higher in
coffee pulp waste than fruit and vegetable waste
(Pandey et al., 2000; Eshetu et al., 2008).
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Figure 1. Cation exchange capacity (CEC), exchangeable cations (K, Ca, Mg and Na) and available P content in raw
coffee pulp waste and compost samples taken in different phases of composting. Bars marked with
different letters indicate statisticaly significant difference (P < 0.05) according to Fisher LSD test.
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An increasing trend with respect to K and Na
was observed during composting whereas other
nutrients did not show a defined trend (Figure
1). Except Ca (which attain the highest value at
ealy stage of composting), al macronutrients
attained the highest concentration at the end of
composting (Figure 1). This increasing trend of
exchangeable cations likely resulted from the
tota weight loss from organic metter
mineralization. Exchangeable Ca and Na
contents were higher in the composts compared
with the raw coffee pup waste (Figure 1).
However, reduction in exchangeable K by
about 50% during composting as compared to
its content in raw coffee pup waste may have
been related to a greater leaching of this
nutrient.

The contents of the exchangeable K, Ca and Mg
were higher than the value reported in various
composts such as in a vermicompost made up
of coffee pulp as reported by Orozco et al.
(1996), food waste compost (Farrell and Jones,
2010), coffee waste compost and kitchen waste
compost (Ebid et al., 2007) as determined by
extraction with ammonium Acetate (NH4AC).
The vermicompost made of coffee pulp waste
(Raphael et al., 2012) adso contained lower
amounts of exchangeable K and Ca, whereas no
difference with respect to exchangeable Mg
was observed. Nevertheless, except the
exchangeable K, the CEC and exchangeable
nutrients (Ca, Mg and Na) were lower than
those reported in other composts such as
composted vegetal resdues (Herencia et al.,
2011), composted pruning waste (Benito et al.,
2003) and composted urban refuses (Villar et
al., 1993). Compost made of green waste and
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chopped wood contained higher CEC but lower
exchangeable cations as reported by Liu et al.
(2011). This migt be due to composition
difference/variability among the composted
meterial, the extraction method used, and the
poor distribution of macro and micro fauna in
the compost piles as they are generally grown
on the upper layer of the composting piles of
coffee pup (Pandey et al., 2000). However,
vermi-composting with exploitation of different
species of earth worms found in coffee pulp
waste were recommended as the best solution to
enhance exchangeable Ca and Na (Orozco et
al., 1996; Aranda et al., 1999).

The contents of available P (ranged from 32.5
to 55.1 mg kgl) in the composts showed no
specific trend with variation in the age of the
compost and composition of composting
mixtures (Figure 1). However, its content in
RCPW was dgnificantly higher than the
contents of P in the composts, perhaps due to its
utilization or immobilization by
microorganisms  during composting.  Available
P (DCaL-P) content in RCPW and composts
(COM1 and COM4) are much less than a value
reported by Orozco et al. (1996) using the Bray
1 method in a vermicompost, Olsen-P in green
waste and catering waste and a compost made
up of mixing catering waste with green waste
(Farrell and Jones, 2010), and Bray II-P in a
compost made up of coffee waste and kichen
waste as reported by (Ebid et al., 2007). This
difference in the concentration of available P
may be primarily attributed to the differences in
the extraction method. In addition, the higher
pH of the compost samples in this study as
compared to the others has favored P
insolubility.
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Table 2. Cation exchange capacity (CEC), exchangeable cations (cmol kg 1) and available P contert
(mg kg!) in the control and amended soil at the end of incubation. Different letters indicate that
samples are significantly different (P < 0.05) according to Fisher LSD test with in a column and

values followed by the same letters with in acolumn were not significantly different.

Treatment CEC P K Ca Mg Na
Control 39.9 (0.65a BDL 1.1(0.255a 16.3(0.0a  3.7(0.0)a BDL
S+HRCPW 37.5(2.5)a BDL 32(0.05b 17.1(0.15b 3.7(0.0)a BDL
StCOMLT 36.9(0.75)a BDL 21(0.0)c  182(06)c  37(0.0)a 1.9
S+COM1-M  39.3(0.8)a BDL 20(0.05c 181(0.15c 3.8(0.0)ab BDL
StCOM1-F 354 (3.1)a BDL 20(0.)c  17.9(0.05c  3.9(0.1)b BDL
S+HCOM4-T  37.6(L75)a BDL 23(0.25c  17.5(0.05)bc 3.7 (0.0)a 0.01
S+HCOM4-M 395 (0.65)a BDL 1.8(0.0c  17.1(0.15b 3.8(0.0)ab  BDL
S+COM4-F  38.8(0.9)a BDL 21(03)c  17.4(0.15bc  3.9(0.05)c BDL

S+COM - soil-conmpod mixture; T — thernmophilic phase; M — mesophilic phase; F — final stage; S+ RCPW —
soil-raw coffee pulp waste mixture; BDL- below the detection level. Standard errorsin brackets.

The main soil chemical parameters determined
after four months incubation was shown in
Table 2. In comparison to the control, all
amended soils resulted in a significantly higher
Ca and K content irrespective of the age of
compost added. For instance, application of
COM 1 increased each of them by about 11%
and 81%, respectively, while CEC was not
dggnificartly affected by any of compost
amendments  (p<0.05, Table 2). The plant
available P and exchangeable Na contents were
below the detection limt in al amended soll
and the control. Usualy the DCal extraction
lowers available P when it is applied in tropical
soils. However, strong postive correlation (r
=0.89) between exchangeable Ca and available
P as observed in treatment S + COMA4. This
indicated that the application of compost
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contaning a  larger  concertration  of
exchangeable Ca (such as COM4-T) had a
significant effect on the availability of P in
tropical Nitisols. Furthermore, Kraus et al.
(2003) reported that polyphenols, especially
tannins which also exist in coffee pulp compost,
may improve the P avallability by interacting
with metal oxides such as Al and Fe oxides that
may otherwise fix P. No dgnificant differences
(p<0.05) in concentrations of the exchangeable
cations and quarntity of CEC were observed
among the different compost treated soils
(Table 2). Despite of the composts had
adequate CEC and Mg contents, its application
to soil didn’t increase above the level of the
control. This may be due to the high level of
CEC (40 crmol kgt) and Mg (3.7 cmol kg't) in
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the control requiring larger compost additions
to bring asignificant change.

Increase of CEC, exchangeable cations (Ca, K,
Mg and Na) as wel as avallability of P
following compost addition in particular and
organic matter amendments in general were
aready reported in various studies (Haynes and

4. Conclusion
In general, composting coffee pulp waste which
is abundant in Ethiopia produce a vauable
agricuitural  input and the product (compost)
coud supply al the macro-nutrients mainly K
and N necessary for plant growth. However,
exchangeable Ca, Mg and Na were not in high
amounts as compared to other composts but
they fit the mnnmum values. Furthermore,
composting increased the agricuitural value of
coffee pulp waste as it raised the exchangeable
Ca, Mg and CEC values. Extended composting
beyond thermophilic phase may be not
necessary as it does not significantly affect the
nutrient  content of the compost and their
avallability to the plant. On the other hand, a
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Abstract

Plectranthus edulis (Lamiaceae) is among under utilized tuberous plants growing in some parts of Ethiopia.

Despite the significant contributions of tuber ous cropstowardsfood security, thefood potential of P. edulis has
not been fully utilized due to poor consumer awareness of its nutritional value. In view of this, the mineral

composition including cadmium(Cd), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn) were
analyzed using atomic absorption spectrometer whilethe calcium(Ca), potassum(K), and sodium(Na) contents
of thetuber of P. edulis collected fromWalayta Sodo (WS), Bakko (BK) and Guliso (GU) were determined using
flame photometer. Thecontents of Cr, Cu, Ni, Pb, Zn, Ca, K, and Na were found to be in the range of 0.008-
0.030, 0.100-0.191, 0.330-1.065, 0.016-0.023, 0.135-0.357, 13.800-22.800, 325.00-502.50, and 12.80-13.50
mg/100g on thedry weight bas's, respectively. Results showed that the tuber can contribute enormously to the
supply of both macro and micronutrientsin our diet. The ratio of Na/K in the tuber of P. edulis varies from
0.025-0.04. Results of the fatty acid profile obtained by analyzing the fatty acid methyl esters using GC-MS
revealed the presence of essential fatty acidsincluding palmitic, stearic, linoleic and oleic acid. The low values
of the saturated fatty acidsrecorded in the present study in conjunctionwith the ratio of Na/K shows that the oil

can be used by people with hypertension. Therefore, the nutritional profile recorded in the present study showed
that the tuber of P. edulis can play a vital role in combating malnutrition and diseases.

Key words: Plactrantus edulis, tuber, minerals, fatty acids
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INTRODUCTION

Plectranthus edulis (Lamiaceag) is among
tuberous underutilized plant species  widely
growing in the western and southern parts of
Ethiopia (Makonnen, 2015). P. edulis is locally
caled “Dinicha Oromo” in Oromiaand “Ye
Walayta Dinich” in Southern Ethiopia. It is one
of the economically important tuberous crops of
the genus Plectranthus (Taye et a., 2012). P.
edulis

horticultural uses sSince it

is known in Ethiopia due to its
is fast-growing,
produces lovely flowers and is resistant to most
pests and plant diseases. P. edulis is an
indigenous plant which has been cultivated for
its edible tuber in highly localized areas of
south and west Ethiopia. To some extert, also,
the like

vegetables in some Ethiopian regions. It is

leaves are eaten after cooking

particularly
between September and December since other
food crops will not be ready for consumption.
Besde its nutritional value, this plant is aso

important in local diets mainly

1. MATERIALS AND METHODS

2.1. Sample Collection and Preparation

The tubers of P. edulis were collected from
Bako (Oromia), Guliso (Oromia) and Wolayata
Sodo (southern Ethiopia), in the month of

39

used as a source of income in regions of
Ethiopia where it is cuitivated. Furthermore, the
tubers are traditionally claimed to have good for
people with asthma. Though the plant has
significant  application, the attention given to
the plant in Ethiopia is very low likely due to

poor consumer awareness of its nutritional
value.
Despite  the ggnificant  contributions  of

tuberous crops towards food security and
income generation, the food potential of this
crop has not yet fuly been exploited and
utilized. Furthermore  there little
scientific  informetion dealing with the fatty
acids profile and mineral compostion of the

iS no or

tuber of P. edulis. Hence the main purpose of
this project is to examine the mineral contents
and fatty acids profile of the tubers of P. edulis.
The findings may create awareness amongst
stakeholders regarding the potertial of this crop
both as food and medicine.

October 2015. All samples were collected from
farm. The species were identified by Mr.
Melaku Wondafrash of the National Herbarium
of Addis Ababa Universty (Ethiopia), where
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voucher specimen YDOO5 is deposted.The
fresh samples collected were washed with
water, peeled, washed, dliced to about 1 cm

2.2. Determination of Mineral Composition

The ground dried tuber of P. edulis was
defatted with petrol using Soxhlet extraction to
afford yellowish oil. The marc (5.0 g) was
incinerated in a furnace at 500°C for 4 hours
and the resdue was then dissolved in 2.5%
HNO3; solution (50 mL). The metal contents
(Cd, Cr, Cu, Ni, Pb and Zn) were determined
usng atomic absorption  spectrophotometer
(analytik jenaZEEnt 700p, Germany) while
the Ca K and Na contents were determined
usng Flame Photometer (FP 902, PG
Instrument, England) following the method of
Angelucci et a., 1986 as cited in Berhanu
Andualem and Amare Gessesse (2014). A
calibration curve was prepared using standard
metal solutions to test the linearity that is
determined by calculating regression line (r?).

thickness and mixed manually. The sample was
arr dried and then grinded to obtain fine flour
used for analysis.

Recovery study of the macronutrients (Ca, K
and K) was made by usng standard addition
method.

The efficiency of the method was checked by
adding known concentration of each metal in 5
g sample of P.edulis with the procedure shown
as follows: 500 pg of 1000 mg/L Ca, K, and Na
were spiked at once into 5 g of powdered tuber
of P.edulis and incinerated in muffle furnace at

500 ¢ for four hours in the same way as the
sample was treated. The incinerated sample was
digested with 50 mL 2.5% HNO3; and anayzed
by usng Flame Photometer (Minaleshewa
Atlabachew, 2007). The experiment was done
in triplicate.

2.3. Preparation of Fatty Acid M ethyl Esters (FAME)

P. edulis ail (2 g) was placed in 25 mL round
bottom flask which contained hexane (6 mL) to
which 4 mL BF3;.MeOH solution was added.
The reaction mixture was refluxed in water bath
for 30 mn Then it was cooled to room

temperature. To the cooled mixture, 5 mL of

water was added with vigorous shaking and two
layers were formed. The upper layer was
separated by using separatory funnel, dried over
anhydrous Na,SQ,, filtered and concentrated to
afford 500 mg (25%). A small portion of the
methylated fatty acids was dissolved in hexane
and analyzed usng GC-MS
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2.4. Gas Chromatography-M ass Spectrometer
GC-MS analysis were performed using Agilent
Technologes 7820A gas chromatograph system
equpped  with HP-5  capillary
(30mx0.25; coating thickness, 0.25um) and
Agilent technologies 5977E mass spectroscopy

colum

ion trap detector. Analytical conditions were as
follows. Injector and transfer line temperature

2. RESULTS AND DISCUSSION

3.1. Mineral Composition

Minerals are important component of diet
because of their physiologicad and metabolic
function in the body. They are used by human
to perform certain chemical reactions which are
essential  for the normal functioning of our
body. In the present work the levels of the
micronutrients and macronutrients of the tuber
of P. edulis collected from Bako, Guliso and
Wolayata Sodo were analyzed and the results
are presented in Table 1. The cadmium content
of the tuber of P. edulis was below detection
limts. Many literature reports showed thet
cadmum has no known nutritional value, and it
is highly toxic to both plants and animals
(Fifield et al., 1997). The seriousness of the
acute cadmium poisoning in humans including
kidney damege, destruction of testicular tissue
and destruction of red blood cells were well
establishred (Manahan, S., 2000). Because of
the chemical gmilarity, cadmum may aso
replace zinc in some enzymes, thereby altering
the stereostructure of the enzyme and impairing
its catalytic activity. The very low vaue of
cadmium in the tuber of P. edulis can be taken
as one positive aspect of this plant as food.
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ae 220 and 260°C, respectively;
temperature programmed from 60°C to 240°C
a 3°C/min; carrier gas, helium a 1mL/min;
injection 5uL; split ratio, 1:30. Idertification of
the condtituents was based on search through
mass\hunter\librany\N1ST11.Land
mass\hunter\library\WON11.

oven

The level of chromum content was in the
range between 0.008 to 0.030 mgy/100g. The
value was found relatively superior in samples
collected from WS compared with those
samples from WW and BU.

Chromum is among metals

collected
reported to
potertiate insulin action and restores normel
ducose tolerance. The estimated safe and
adequate dally dietary intake recommendations
are 0.050 to 0.200 mg/day for adult (Shils et al.,
1999). The copper content of the analyzed
sample was 0.100-0.191 mgy/100g. The ability
of copper to pronote the development of
connective tissues that allow for efficient bones,
cartilage and blood vessels through all bodily
systens is reported (Food Program, 2015). The
level of this metal in the tuber of P. edulis is
found out to be comparable with the values
reported for potato tuber (0.1 to 0.3 my/100 Q)
(Shils et al., 1999).
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Table 1: Mineral composition of P. edulis tuber analyzed by AAS and flame photometer

Sanple source Mineral composttion of the tuber of P. edulis (mg/100g)
Cd Cr Cu Ni Pb Zn Ca K Na

Wolayata Sodo BDL 0030 [0100 [0.335 [0.016 |[0.135 [22.8+0.1 |[502.5+0.7 | 12.8+0.2
Bakko BDL 0020 [0191 [0.697 [0.022 [0130 [15.1+1.1 [490+1.0 |[135#0.7
Guiso 0.0005 [0.008 |0.134 |[1.065 [0.023 |[0.357/ |13.8+0.1 | 325#2.0 |13x1.0
Values  reported 0.1-0.3% 0.23 to| 23.04- 115-203° | 23-28°
from other 0.27° | 29.97°1.3 | 239-6942
sources t0 27.82
Recommended in| - 0.050- 0.025- | 0.015- | 3-30 210 to 120-1500
take (in mgyday) 0.200 0.035 |0.100 1300
for humans

BDL = below detection limit; a = in mg/200g from potatoes; b = in mg’100g from sweet potato; samples for andysis of Na, Caand K

weredone in triplicates

The level of Ni in the tuber was from 0.335
mg/100g for WS and 1.065 mg/100g for Guliso.
As discussed on Food Program (2015), nickel
plays a mgjor role in helping the body absorb
the iron it needs. It asssts in breaking down
ducose, helps in creating energy for daily use
and even contributes to the production of
certain enzymes that initiate important chemical
reactions such as the development of nucleic
acids. Hence, the ggnificant amount of Ni
observed from the tuber of P. edulis has some
hedlth implications. Also analyzed in this study
was the content of Pb which ranges from 0.016
to 0.023 mg /100g. The level was found to be
higher for samples collected from Bakko and

Guliso while comparatively lower value is
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recorded for sample from WS. The Pb content
obtained in the present study was found to be in
the range of the typical daily dietary intake of
lead which is 0.015 to 0.100 mg (Shils et al.,
1999). The tuber P. edulis had 0.130 to 0.357
mgy/100g of znc. The level was superior for
samples collected from Guliso. The values were
close to those values reported in the literature
sweet potato (0.23 to 0.27 mg/100g)
(Sanouss et a., 2016). Reports (Shils et al.,
1999) showed that zinc can boost the immune
system and diminish symptoms associated with

for

common cold or flu more quickly in those
regularly, or take
supplements to fight off these infections and
viruses. Zinc works with about 200 different

individuals who consume
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types of enzymes in the body in an effort to
maintain  normal  growth and  development

patterns.

Flame photometer was employed to determine
the level of Ca, K and Na Resuits showed that
the level of Ca were from 13.8 to 22.8 mg/100g
(Table 1). The value was inferior for samples
collected from Guiso. The cacium content
obtained in the present study is therefore
comparable with the values reported for sweet
potato and potato (Sanouss et d., 1016;
Mouille et al., 2009). According to Shils et al.
(1999), the recommended daly intake of
cacium is 210 to 1300 mg/day. Therefore, the
tuber under study can be used as food that can
be used as source of calcium. Furthermore the
presence of Ca in the tuber of P. edulis helps to
support  borne  dructure  of
Potassum contert (325 to 502.5mg/100g) in the
tuber of P. edulis was relatively high in all
samples analyzed in the present study. It was
aso found that the level of K obtained in the
present study is greater than the value reported
for sweet potato (308.67 to 328.67 mg/100g)
and potato (Sanouss et al., 2016; Mouille et al.,
2009)

human  beings.

Sodium is an important mineral that assist in
the regulation of body flud and in the
maintenance of electric potential in the body
tissue (Alinnor et al., 2010). Compared to other
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mgjor elements evaluated in this study, Na was
found in low amounts with values ranging from
12.8 to 13.5 mg/100g. The values were inferior
to those reported for sweet potato (Ukom et al.,
2009). According to Food Program (2015), the
recommended intake of sodium with diet ranges
from 120 to 1500 mg/day. Na/K ratio of the
tubers of P. edulis studied varies from 0.025 to
0.04. Various report showed that (Sanouss et
a., 1016), a food source having Na/K ratio of
less than 1 has impact on lowering blood
ratio
controlling high blood pressure. Thus, it can be
concluded that all the three samples of the tuber
of P. edulis are good food that have impact on

pressure snce Nak is known in

lowering blood pressure. P. edulis consumption
coud be recommended as useful nutraceutical
therapy for hypertensive individuals. The result
obtained from the analysis revealed that the
tuber can be used as food.

The flame photometric method was validated
by assessing its accuracy which was done using
recovery method. The recovery of the flame
photometric method was on average found to be
101% which indicates excellent accuracy of the
results. The atomic absorption spectrometric
method was validated by using its linearity. The
calibration plot obtained this  result
exhibited a correlation coefficient of 0.999

from
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indicating a high degree of correlation and a

3.2. Fatty Acid Profile of the Tuber of P. edulis

good linearity of the method.

The fatty acid compositions of the oil of tuber of P. edulis were determined using gas chrometography-
mass spectrometry (GC-MS), with the chromatogram  depicted in Figure 1.
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Figure 1: GCchromatogram of fatty acids of the oil of the tuber of P. edulis

The results obtained from GC-MS showed that
P. edulis oil contains a large proportion of
double bond containing fatty acids. The
domnant unsaturated fatty acid, obtained at
retention time of 50.39 min, was found to be
linoleic acid which accounts for the total of
42% of the fatty acids. The spectrum aso
showed other fatty acids at retention time of

45.12, 50.56 and 50.74 min which were due to
pamitic (31%), oleic (20%) and stearic (7%)
acid, respectively (Figure 2). These fatty acids
are typical fatty acids found
vegetable oils. The low values of the saturated
fatty acids recorded in the present study shows
that the oil can be used by people with
hypertension.

in various

Palmilic aci (160) Stearic acid (18:0)

Linoleic acid (18:2)

Oleic acd (18:1)

Figure 2: Fatty acids obtained from the tuber of P. edulis.
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The fatty acid methyl esters identifications were
made by comparing the gspectra of the
components with the database of the spectrum
of known components stored in the GC-MS
library. The mass spectrum of the peak

0 & |+ Scan (rt: 50.237-50.437 min,

1.2

0.8
0.6

N A
V.=

-

—
V.<

'

observed at retention time of 50.39 mn,
belongng to linoleic acid, is as depicted in
Figure 3. The mass spectrum (Figure 3) clearly
showed the molecular ion of the fatty acid
methyl ester was observed at m/z 294.3.
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Figure 3: Mass spectrum of linoleic acid (Peak at 50.39 ppm)

4. CONCLUSION

In conclusion the present study has shown that
the tuber of P. edulis had significant amounts of
mecro and micronutrients that can be used for
various physiological actions. The presence of
such high levels of macro and micronutrients
can also play a mgjor role in the maintenance of
mdividuals’ health. The ratio of Na/K in the
samples of P. edulis analyzed in the present
study in conjunction with the high levels of
unsaturated fatty acids in the tuber are suitable

as good food in the management of various
diseases such as hypertenson and diabetes. The
tuber was aso found to have oil with diverse
fatty acids profile. The predominant fatty acid
was linoleic acids. Both the minerd
composition and the fatty acid profile
investigated in the present study showed that
the tuber of P. edulis can be used as a natural
food that can combat malnutrition and diseases.
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Abstract

The effect of doping leve at roomtenperatureon thelow injectionlevel photo-response of various un-doped and
zinc doped p-type GaSo thin films wer e invegtigated using Raman spectroscopy measur ements. Thepresence of a
near-surface depletion region was deter mined thr ough thecomparison of the longitudinal optical (LO) phonon
mode scattering and the phonon-hole plasmon(L ) coupled nmode in sanples of different doping
concentrations Taking into account the values of the carrier dendties obtained using the Hall measurements and
theratios of the pick intensties of theLO and theL  nodes,sone of the near -surface characteristics, such as the
band bending and the surface Ferm-leve position abovethe valence band maxinum(VBM) could beinferred as
function of the doping level.

Key words: GaSh, Surface, Fermi-level, Raman scattering, transition, layers.
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1. Introduction

Gallium

semiconductor

antimonide  (GaSb) is
material with
attractiveproperties such as high charge carrier
mobility and small (direct) band gap of 0.727 eV at

room temperature. This enables the fabrication of high

anexciting

several

frequency optoelectronic devices working in wide
infrared region[1]. Gallium antimonide
(GaSh) have promising potential to resolve the future
challenges of IR optoelectronic devices such asthe
need for extending the wavelength for optical
communication beyond 155 pm
absorption losses in optical fibres [2], the need for
maximizing the noise-to-signal ratio of high-speed

range of

to  minimize

detectors workingat room temperature (un-cooled) [3-
5land the need for

optoelectronic  devices operating with low power

fabricating high frequency

consumption [6-9].

To realize these promises, it isessential to understand
and describe the factors controlling the photo-
responses of GaSb materials. Differentlayers of a
given semiconductor have different photo-responses.
However, recent studies on GaSb show that the near
surface depletion layer is found to be the most crucial
and responsible for the various performance of GaSh
samples[10-16]. Hence, the core objective of this work
wasthe study of the effects of the surface and the near
surface layersof different GaSb samples on the photo-
responsesof the sample by the means of Raman
spectroscopy.Raman  spectroscopy is found to be a
usefulmeans of studying the photo-responses of
different semiconductors.Several

layers in

researchersused Raman spectroscopic measurements
asa sensitive means of detecting the presence of a near
surface depletion layer and the effects of doping on
the photo-responses of different layers in extrinsic
semiconductors [12-16].This is typically achieved by
comparing the pick intensities of the longitudinal
optical (LO) phonon mode scattering and the LO
(L") mode.The
presence of the longitudinal optical (LO) phonon

phonon-hole  plasmon  coupled
mode is an evidence for the existence of low free
carrier concentration (free charge carrier depleted)
layer, and that of LO phonon-hole plasmon coupled
(L") mode scattering is also an evidence for the high
carrier concentration (neutral or accumulation) layer in
a given semiconductor [12-16]. The reports of several
authors show that, upon employing scattering
excitation of sufficient optical penetration depth (x,) to
probe the bulk of a sample, LO phonon mode
scattering originates from the hole-depleted near-
surface region and LO phonon-hole plasmon coupled
mode scattering (L ) originates from the higher hole
concentration regions(the neutraland partly from

accumulation layers) of the p-type GaSb [12-17].

It is known that, the electrical property of a
semiconductor is not altered under low injection
level.Low injection level is the case in which the
density of the photo-generated carriers are very much

less than the thermal equilibrium majority carrier

concentrations or the doping densitiesn a
semiconductor under illumination with laser (or
light).The widths of different layers in a

semiconductor can be considered as almost equal to
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the corresponding widths at thermal equilibrium. The
width of the highly depleted near surface layerfor an
iluminated semiconductor can be directly evaluated
by the comparisons of the pick intensities of the
longitudinal optical (LO) phonon mode scattering and
the LO phonon-hole plasmon coupled mode. The
width of the transition region also bedescribed in
terms of the doping level. Then, the width of the total
near surface depletion layer can be determined as the
sum of the width of the transition region and the width
of the highly depleted near surface layer. Once, the
width of the total near surface depletion width is
known, then, the band bending at the surface, the
surface charge density and the surface Fermi-level

2. Theory

The bulk of most isolated 111-V semiconductors
have three various regions of different carrier
concentrations. This consists of a neutral region
(with high thermal equilibrium majority carrier
concentration), followed by a transition layer
(with decreasing thermal equilibrium majority
carrier concentration in moving towards the
surface), and a depleted surface region of very

lowthermal  equilibrium carrier

majority
concentration [12-22].The band bending in
different layers accounts for the variation of the

carrier concentrations and the

majority
concentration of the ionizations in these layers.
Figure 1 illustrates (a) the position dependence

of energy band structure and (b) variations of

paosition relative to the valence band maximum(VBM)
at the surface can be determined as function of the
doping level. The doping leveldependence of the
surface Fermi-level pinning position also gives us

tremendous information about the doping level

dependence of the electronic properties of the surface
of a given semiconductor. In this work, we describe
whether the Fermi-level positionrelative to the VBM
is sensitive or insensitive to the doping density.As a
result,the electronic properties of the surface and the
performance of the under surface layer (highly
depleted layer) of GaSb can be investigated as
function of doping level at room temperature.

majority carrier density, p(x) and net charge
density (ionization), p(x), as function of energy
in different layers of p-type semiconductor at
room temperature. The widths of the transition
layer, the highly depleted layer and the total
depletion layer are denoted by bs, bs and by,
respectively. The valence band maximum (VBM)
in the neutral region (bulk) is represented by Egy
and that at the surfaceis represented by Es,. The
respective conduction band minima (CBM) in
the neutral region (bulk) and at the surfaceare
represented by Epc and Esc, respectively. The
total band bending at the surface is represented
by Es. The Fermi-level position relative to the
VBM is denoted by Egr in the bulk and by Eg- at

the surface. The Fermi and the intrinsic energy
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levels in the entire sample are also represented

by Er and E;, respectively. Applying Gauss’s

depletion region of a given semiconductor, the

magnitude of the built up energy of a point in

law to the surface and the near surface total the depletion layer can be given by:

k 2
E(x)=%(bl ~xF, (1)

D

where x is the location of the point under consideration relative to the surface, kg is the Boltzmann

constant and L, is the Debye length described by [17-22]:

lek,T
L,= B
D eZNA (2)
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Figure 1: (3) Position dependence of energy band structure and (b) variations of majority carrier density, p(x) and net charge

density (lonization), po(X), as function of energy in different layers of p-ty pe semiconductor.

surface region is highly depleted. At the edge of the

¢is the permittivity of the material and N,, the doping quasi-neutral region (x = by), the band bending

concentration. Equation (1) is derived assuming VErY  pacomes zero and at the surface where x =0 it has

large band bending at the surface and hence the near | 5je:

k,T
Eg=—E-b?.
5212 &
Equation that relates the band bending and the Fermi-level position at the surface of p-type semiconductor is
given by (see Fig.1):
Ey. =E, +E,g. (4)
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The description of the band bending at any location x
in the depletion region (Egn. (1)) also enables us to

densities at any point x in the depletion region. The
majority carrier, p(x) and the net charge (ionization)

density, p(x)at any position x in the depletion layer of

evaluate the thermal equilibrium free carrier’s . . _
a p-type semiconductor can be expressible as:
E(X) E(x)
=N _ =) land - _ _EWX)
p(x) A exp[ k,T J p(x) N, l:l eXp( k,T J:I (5)

The free hole concentration in Egn. (5) is in general
decreases towards the surface with increasing E(x)
while the magnitude of the concentration of the
ionization, po(x) increases with increasing E(x). The
minority carrier concentration at any point in the

depletion layer can be described using the law of mass

—-E
Pos=Ny4 exp[ kB;J and

Using Egns. (4) and
E —-FE
Pos=Mn, exp( IkBTSF j

Since n; and E; in Egn.

(7) are not the function

of N,, the doping level dependence of pos can be
described only if the doping level dependence of the

surface Fermi-level position, Eg: is known.

Oos =+N b, .

This charge is opposite in sign to the ionization charge
discussed in Egn. (6) above. Upon substituting
Egn. (2) into Egn. (5), the position dependence of p(X)
and p(x) in the depletion layer can be described. A
closer examination of Figure 1 (b) reveals that the

-51-

Pos =—N,.

action along with Egn. (5). The thermal equilibrium
majority carrier density, posand the net volume charge
(ionization) density, posunder the surface of a p-type

semiconductor at room temperature (Eg>>k,T )

hence can be expressed in terms of the energy band
bending at the surface, Es as:

(6)

(6), pos can be described in terms of the surface Fermi-level position, Eg:

()

The room temperature surface charge density (o)

described in cm® for p-type semiconductor can also be
determined by applying Gauss’s law to both the
surface and the total near surface depletion region as:

(8
majority carrier concentration decreases rapidly in the
initial stages (for energy E close to 0). This is because,
the exponential term is changing rapidly or varying
linearly with energy, p(x) and p(x) also varying
linearly with energy for small E as shown by line L;
and L, in Figure 1 (b):
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p@)=N{}—5§9jwﬂ px)=-N, &

kT k,T

If this variation keeps its initial value throughout the
process, p(E) will fall to its minimum value at the
surface and p(E) drops to —N, at energy E = kgT.
However, since subsequent slower variation follows
with increasing Ejthe majority carrier concentration,
p(E) drops exponentially to N, exp(—1), or 37% of N,
and the magnitude of p(E) also rises exponentially to
N,(1—exp(-1)), or 63% of N, at E =kgT as shown
in the solid curve of Figure 1 (b). This range of energy
in which the maximum variation of majority carrier
concentration takes place is called the transition
region. Therefore, the transition region in the depletion

orcan be derived from Eqgn. (1)by substituting x = bs as:

k., T
Es =25T%(b1—b5)2 1

where bs is the width of the highly depleted layer or
the distance of the edge of the transition layer from the

b, = b + b;.

Taking into account Eqgns.

bs =/2L,.

(10) and

Upon illumination of the surface of semiconductors
light of sufficient penetration depth,an
accumulation layer for photo-generated carriers is

with a

formed in between the quasi-neutral region and the

(11)along with Eqgn.

©)

layer of asemiconductor is defined asthe energy range
in which the majority carrier concentration decreases
to 37% of its maximum value or the ionization rises to
63% of its maximum value. It can also be defined as
the energy range in which the magnitude of the
majority carrier concentration decreases to zero or the
magnitude of the concentration of the ionization rises
to 63% of
variationsinp(E) and p(E) kept at their maximum rate
(9) above.The band bending at the
edge of the transition region or between the highly

its maximum value, provided the

as in Eqgn.

depleted region and the transition region is hence
given by:
(10)

(1)

surface (shown in see Figure 1), so that the width of
the total depletion layer is the sum of the widths of the
highly depleted and the transition layers:

(12)

(12)yields:

(13)
transition
intensity of the LO peak, I(LO)has previously been

described in terms of the width ofthe highly depleted
near surface region (bs) and the photon absorption

region[12-22].In  Raman scattering, the

coefficient () using the relation[18-22]:

-52-
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I(L0) = 1,(LO) (1~ exp(-2ab,)), (14)

where I4(LO) is the LO phonon mode intensity observed in a low carrier concentration (<10'° cm®) sample for
which the plasmon frequency is too low to affect the LO phonon mode.The factor 2 in Egn. (24) represents
the combined effect of the incident and scattered photons.

The L peak, I(L ) from the higher carrier concentration regions (accumulation and the neutral layers) isalso
described similarly as[18-22]:

I(L) = I, (L) exp(~2ab,), (15)

wherelo(L ) is the intensity of the L peak.Upon dividingEgn. (14)byEgn.(15),we get:

r
—:_1 2 b ]
P +exp(2ab,) (16)

whereris the ratio of 1(LO) to I(L ), and r, the ratio of 1,(LO) to lo(L ). The absorption coefficient for a direct
band gap semiconductor is expressed by several authors [23-26] as:

3

E 2 mm. 2 haw—E z
(@) = 21 o || 14 e 22| an
3n%\k, | m,(m,+m m, m, m,c

VBM and the CBM, k., high frequency dielectric
where 7i=h/2r is the reduced Plank’s constant,

constant of GaSb and m, is the effective
e the elementary charge, m, the free electron

electron/hole mass.
mass, ¢ the speed of light, » the angular

frequency, E, the energy band gap between the
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3. Experimental Details

The samples used in this study were epitaxial p-

type GaSb grown in Nelson Mandela
Metropolitan University physics laboratory by
metal-organic vapour phase epitaxy (MOV PE)
on semi-insulating (001) GaAs substrate. The
layer thicknessesfor the samples used were
varied between 1.4 pum and 153 pum. The
thicknesses of all the samples used were found
to be well exceeded the photon absorption depth
in the sample. Hall measurements were used to
measure the doping concentrations for all the
samples. The typical thermal equilibrium hole
concentrationused were 10'® cm® to 10" cm® for

un-doped samples and 10" cm® to 2x10°cm®

for the Zn-doped samples.

The main components of the apparatus used for

the room temperature Raman spectroscopic

4. Results and discussion

Figure 2 shows the Raman spectroscopy results
of (a) different p-type GaSb epilayers probed

using 514.5 nm laser lines, and the contributions

measurements were a laser  source
(monochromatic light source), a sample holder
(a thick quartz cell transparent to the incident
beam), a monochrometer (with diffraction
gratings) and a highly light sensitive charged
couple device (CCD). A 514.5 nm un-polarized
laser line with an incident power of 94 mwW/cn?,
was used for probing different depths within the
sample. The scattered light from the sample was
a mixture of all the Raman lines and the intense
Rayleigh line. Part of the scattered light was
then focused on a grating monochrometer using
lenses and resolved into its components. The
light from the monochrometer was converted to
electronic signals using the light sensitive
charged couple device(CCD). The spectra
were collected in a pseudo-backscattering

configuration.

of the intensities of L™ and LO as determined by
the peak fit method in (b) un-doped (c) slightly
doped and (d) highly doped GaSb samples. To
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describe the contributions of L and LO in the
entire intensities of all the samples in Figure 2
(a), pick fit methods were used. Then, the ratio
of the pick intensities of the longitudinal optical
(LO) phonon mode scattering, 1(LO) to that of
phonon-hole Plasmon coupled (L ) mode
scattering, I(L ) were described for all the
samples. The pick fit for Raman spectra of three
GaSb epilayers of different doping levels were
shown in Figure 2 (b) to (d) below. As can be
seen from Figure 2, the peak of the longitudinal
optic mode (LO) was prominent at around a
Raman shift of 237 cm™*for the un-doped and
lightly doped GaSh epilayers. The L mode was

p-type A =514.5 nm
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clearly observed at around a Raman shift of 229
cm™ in at the foot of most the samples might be
attributed to the background scattering that can
affect the entire intensities in the system, so that
their contribution is also included by the pick fit

method as it can be seen in Figure 2 (b), (c) and

(d).

The 514.5 nm line used to probe the samples in
Raman  spectroscopy  measurements  has
absorption coefficients (a) to be 4.77x10> cm*
in GaSb samples as described by D. E. Aspenset
al. [26], so that the samples with relatively high
carrier concentrations as compared to the LO

modes.
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determined by the peak fit method in (b) un-doped (c) dightly doped and (d) highly doped p-type GaS samples.

The broad band observed at the foot of most the
samples might be attributed to the background
scattering that can affect the entire intensities in
the system, so that their contribution is also
included by the pick fit method as it can be seen
in Figure 2 (b), (c) and (d).

The 514.5 nm line used to probe the samples in
Raman  spectroscopy measurements  has
absorption coefficients () to be 4.77x10° cm™*
in GaSh samples as described by D. E. Aspenset
al. [26], so that the absorption depth of the line
is found to be approximately 21.0 nm. Since the
powers of the lights used for illumination were

under low injection level, the effects of the

photo-generated carrier concentrations were
neglected in all the samples when compared to
the doping concentrations. Hence, the Hall
measurement method was considered as
sufficient technique for the determination of the
doping densities and the bulk thermal
equilibrium majority carrier densities in all
doped and un-doped p-type GaSb samples. The
calculation of the absorption coefficient «a(v)
(Egn. (17)) in GaSb assumes the high frequency
dielectric constant to be k, =14.4, the room
temperature band gap energy, E; = 726 meV, the
hole effective masses due to the effect of both
the light and heavy holes to be 0.8 and the
effective 0.047

electron mass

Table 1. Parameters related to the surface and the depletion layers in different p-type GaSb

samples extracted from the 514.5 nm laser lines Raman spectra shown in Figure 2.
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, Widths (nm) Energy (meV) Surface property
Po(cm™) rir e b b E.. E. Eo Pos(CM®)  aps(cm®)
1.00x10™ 47 183 641 824 1935 427 236.2 1.9x10°  8.2x10"
7.40x10'° 40 167 236 403 1418 755 2174 3.9x10"°* 3.0x10"
1.13x10" 26 133 191 324 1309 745 2054 6.2x10"  3.7x10"
2.60x10" 29 137 126 263 109.3 1130 2223 2.8x10"°  7.0x10"
3.23x10" 25 126 113 239 1037 1160 2192 2.9x10"°  7.9x10"
4.90x10"" 09 65 92 157 930 757 1687 3.7x10"°  1.3x10%
7.23x10" 15 96 75 171 829 1327 2156 5.0x10"°  1.4x10%
9.10x10" 13 85 67 152 770 1321 209.1 2.6x10"°  7.7x10"
1.34x10'® 09 61 92 153 930 717 1647 3.9x10"°  1.4x10™
3.37x10% 06 48 55 103 670 898 156.8 2.2x10"  3.2x10%
6.00x10™® 08 60 35 095 431 1898 2329 1.6x10"°  3.8x10™
1.27x10*° 04 36 26 62 282 1454 1736 3.4x10"° 5.6x10%
1.67x10" 03 25 18 43 89 147.8 1566 4.0x10*  8.6x10"
1.79x10*° 04 36 16 51 18 2772 279.0 1.3x10"  8.4x10™

Table 1 presents the values of the parameters
related to the surface and the depletion layers in
different p-type GaSb samples extracted from
the 514.5 nm laser lines Raman spectra shown in
Figure 2. Parameter r, was described from the
peak [o(LO) of
concentration (un-doped) and the peak intensity

intensity the very low
lo(L ) of the very high concentration (highly
doped) samples before normalization. Then, r
was determined from the ratio of I(LO) toI(L )
for each sample in Raman spectroscopic
measurements and the ratio of r to ro aso
described for each sample as function of doping
concentration. Using the values of r/r, from the

Raman spectroscopic measurement data, the

-57-

width of the highly depleted regions, bs for all
the samples were determined as function of
doping level using Eqgn. (16). Then, the width of
the translation layer, bs as function of the doping
level is determined using Eqgn. (13). The
values of the width of the total depletion layer,
b, for each sample determined as the sum of bs
and b; (see Eqgn. (12)). Then the maximum
energy bending at the surface, Es and the surface
Fermi-level position, Es= can easily calculated
using relations (3) and (4). The

temperature value of the energy bending at the

room

edge of the transition layer, Es; calculated using
Eqgn. (20) for all the semiconductors is to be
25.86 meV. The Fermi-level position relative to

the VBM in the bulk, Egg, the intrinsic Fermi-
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level position, E; and the intrinsic carrier density
for GaSb can be calculated using their well-
known relations for all semiconductor. The
value of Egr is decreasing with increasing
doping in the band gap of the semiconductor as
we will see later. The typical room temperature
values of E and n; calculated using the well-
known relations for GaSb are approximately
042 eV and 1.71x10"” cm?®, respectively.

Finally, the thermal equilibrium majority carrier

than the total width of the depletion layer
(Y a>b,). This shows that LO mode is ascribed
to scattering within the low carrier concentration

regions and L mode to scattering within the

that the near-surface layer remains depleted
across a large range of doping densities. As the
doping level increases, the L mode also
increasing and becomes dominant for highly
doped samples, since the width of the depletion
layer (b,) is decreasing and the effect of the
highly depleted

discussed earlier.

layer was suppressed as

The systematic increase
observed in the FWHM of this peak with

increasing carrier concentration was consistent

density, pos under the surface and the surface
charge density, oys is determined using relations
(7) and (8).

The LO mode remains dominant for the range of
doping in which the penetration depth of the
illumination is less than the total width of the
depletion layer (1 a<b;), while the L mode
dominates in the range of doping for which the
penetration depth of the illumination is greater

high carrier concentration region. Therefore, the

presence of the LO in most of the samples shows

with similar studies on GaSb [9, 27] and GaAs
[16].

Figure 3 illustrates the semi-logarithm graphs
showing the room temperature doping level
dependence of the values of (a) r/r, and (b) bs, bs
and b, drawnusing the data tabulated in Table 1.
All the solid lines in Figure 3 represent the
theoretical resullts fitted to the experimental
results (symbols).



MegersaWodajo

10

r/r,

10

A =514.5 nm 3

-1

10

(@

T T T T
10" 107 10" 10
Doping Concentration (cm’s)

Figure 3: Semi-logarithm graphs showing the room temperature doping level dependence of the values of (a) r/ro and (b) b,

bs and b; drawn using the data tabulated in Table 1.

Power functions were found to be more reliable
for the fitting all the three graphs at higher
doping regime. As can be seen from Figure 3,
the results obtained for r/ro and the widths of
the layers in the depletion region in It can also
be noticed from the slopes of the curves in
Figure 3 that, the width of the transition layer, b
drops faster than both widths of the highly
depleted layer and the total depletion layers, bs
and b; with increasing the doping density. The
transition layer dominates most of the depletion
region in the low doping regime and this
dominance decreases with increasing the doping
density and bsbecomes the dominance for the
high doping regime in the depletion layer.That
is, the majority carrier concentration falls

abruptly to its lowest value near the surface in

10

A =514.5nm

10"

Width of layers (nm)

0

10

(b)

Doping Concentration (cm®)

highly doped samples within a very thin

depletion layer.

For the un-doped and low doping samples, the
variation of r/r, and bs with doping is very small
while bs; changes exponentially in the same
manner throughout the doping levels. The
variation in the width of the total depletion layer,
b, also shows a slight decrease at the very low
doping regime and this variation follows the
same exponential manner at the very high
doping regime. It is very difficult to generate the
relations that can describe the doping level
dependents of the above mentioned parameters
at this level. This is possible in this case only
after describing the doping level dependence of
the corresponding energies at the surface and the
in general decreases with

depletion layer

increasing the doping level.
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Figure 4 depicts the room temperature doping
level dependences of (a) the band bending
energies at the surface, Es and the surface Fermi
level position, Es-, (b) The major carrier
concentration under the surface and (c) the
surface charge density under the surface. The
solid lines in Figure 4 also represent the
theoretical results fitted to the experimental
results (symbols). Description of Es very
necessary to determine the values of the other
parameters described in Figure 4. As is shown in
Figure 4 (@), logarithmic function is used for the
fitting of the graph of Es, linear function is used
to fit for Eg, linear function is used for the
fitting of pos and for the fitting of oos, power

function is used.

The result obtained in this case shows that, the
band bending energy at the surface increases

E, :C+kBT1n[N_AJ,
n;

(15)

slightly with increasing the samples doping
density. Since the increase in the band bending
at the surface is completely compensated by the
same amount of decrease of the bulk Fermi-level
in each interval (OEJ/ONs = -0Ege/ON,), the
surface Fermi-level position extracted using
Eqgn. (4), remains constant approximately at 210
meV above the surface VBM for all the samples
(see Figure 4 (a)). The insensitivity of the
surface Fermi-level position with a variation in
the doping level also confirms the fact that
doping appear to have no significant effect on
the density of the surface state of GaSb samples.
Since Eg: is insensitive to the doping level, Egn.
(4)gives the explicit form of the variation of the
surface band bending with the doping level in p-
type materials to be:

where C =E,, —E; isindependent of doping. Hence, one can easily notice from this relation that:

OE; kT

N, N, (16)

That is, the rate of change of the energy band bending at the surface is very fast for the low doping regime and

vice versa as it can be noticed from Figure 4 (a).

Several researchers have reported the position of the
surface Fermi-level of GaSb as a function of different
surface chemical exposures (Cs, O,, Rb, Au, etc.)
using different surface studies (X-ray photoelectron
spectroscopy, photoemission and electrical behaviour
study of the surface and interface states) [28-31]. The
room temperature free surface Fermi-level position

-60-

obtained by most of these authors lie below mid-gap
for p-type GaSh samples. Viljoenet al. [32] reported on
the cleaved (110) surfaces of GaSb samples using
photoemission measurements and showed that the
room temperature free surface Fermi-level position
relative to the VBM in p-type GaSb roughly below 300
meV. These reported values are hence in consistent
with the room temperature surface Fermi-level



MegersaWodajo

positions of p-type GaSb samples obtained in the
present work. Viljoenet al. [32] have also shown that
the surface of GaSh is p-type under all circumstances.

It is very easy to identify from these reports that the
near surface of p-type GaSh undergoes depletion.

20
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Eg —210 meV 1077
d 10" 4
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© 0" density under the surface.
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Figure 4 (b) also shows the majority carrier density, pos
extracted from the measured results of different p-type
GaSb samples used in this work. The results for pos
using Egn. (6) shows that, the doping level and
the variation of the band bending do not affect the
values of the majority carrier concentration at the
surface. The room temeperature values of the under
surface free hole concentration (pos) in this caseis
negligibly very small when compared to the free hole

concentration in the quasi-neutral region (po) for highly
doped samples and remains constant roughly at about
10” cm®in all ptype GaSb samples used in this
experiment. A closer examination of Eqgn. (7)
confirms the insensitivity of pos, Since n;, E; and Eg: are
not function of doping. The room temeperature under
surface free electron concentration (nos) described
using the values of pys and the law of mass action is
also found to be approximately 10° cm®. Since nos is
very much less than pos, this can also be the proof for
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the premise that the surface of p-type GaSb undergoes

Since the Fermi-level paosition is varying with doping
level in the depletion layer except at the surface, the
thermal equilibrium majority carrier concentration in
the depletion layer also varying with doping level. This
variation also increases with incrasing distance from
the surface. It can be shown using Egns. (1) and (5)
that, at a fixed distance from the surface in the deletion
layer, the majoriy carrier concentration increases with
increasing the doping level. This variation also also
increases for points far away from the surface. The
quantities in transition region show doping level
dependence properties that is intermediate to both the
surface region and the quasi-neutral region. The
increase in the majority carrier concentration in the
transition layer with the doping level can have great

5. Conclusions

The room temperature photo-responses of different p-
type GaSb samples have been measured using Raman
spectra. The pick intensities of the longitudinal optic
(LO) phonon mode and the phonon-hole plasmon (L )
coupled mode of various p-type GaSb epilayers were
compared using the measured results. The width of the
highly depleted near surface layers were calculated
directly from the comparisons of the LO and L  pick
intensities for samples with various doping levels.
Since the system was under low injection level, the
effects of the photo-generated carrier concentrations
were neglected in all the samples and the Hall
measurement results were used to describe the doping
level and the majority carrier concentration in the
quasi-neutral region (bulk) of all the samples. The
energy gap between the surface and the edge of the
quasi-neutral region,bs was described using the values
of bs obtained from the Raman spectroscopic
measurements, the calculated value of the width of the
transition layer, bs and the doping densities obtained
using the Hall measurement results techniques. Using
the doping density dependence of the width of the
transition layers reported by other researchers for p-
type GaSb samples at room temperature, the band

depletion.

contibution in the shielding of some parts of the deep
bulk region from the effect of the surface charge and
tends to narrow the width of the depetion layer with
increasing the doping density.

As it is depicted in Figure 4 (c), the surface charge
density increases with increasing doping level. This
increment is due to the contribution of carriers to the
surface states by the additional dopants and increased
ionized impurity present in the depletion layer. The
variation of the surface charge density has therefore no
effect on the surface Fermi-level position and it has
direct effect only on the variation of surface band
bending in contrary to the effect that the doping level
has on the variation of the bulk Fermi-level paosition.

bending at the edge of the transition regions were
described for all the samples. With the description of
these three quantities, the other surface properties like
the surface Fermi-level position, the under surface
thermal equilibrium carrier concentrations, the surface
charge density and other related parameters in the
depletion layer could be described. The results of
Raman spectroscopic study revealed that both the band
bending and the charge density at the surface of p-type
GaSb increase with increasing the samples doping
density. However, the surface Fermi-level was
insensitive to the doping level and pinned roughly at
(210£25)meV above the VBM for all of the p-type
GaSb samples considered at room temperature. The
under surface thermal equilibrium majority and
minority carrier concentrations are also found to be
remain constant with the variation of doping level in
al ptype GaSb samples. This confirms that, doping
appears to have no significant effect on the thermal
equilibrium electronic properties of the surface of
GaSh. The existence of high thermal equilibrium free
holes concentration than the corresponding free
electrons concentration near the surface confirms that
GaSb undergoes depletion (not inversion) at room
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temperature. The doping dependence of the electronic
properties in p-type semiconductor increases for points
far away from the surface in the depletion layer. The
transition region shows intermediate electronic
properties to both the surface region and the quasi-
neutral region. Most properties in the transition region
are dlightly influenced by the doping density as
compared to the near surface region. The effects of
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influential in the regions closer to the surface. This
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electronic properties of the surface region.
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Abstract

The fundamental goal of urban master plan isto control urban development scale and limit urban
construction scope. However, little enpirical research has been conducted to understand the degree to
which urban master plan is being implemented after plan adoption and the factors contribute to the
variation of itsimplementation. The resear ch examines the effectiveness of Adama City master plan by
measuring the degree to which actual urban expansion over a ten-year period conforms to the plan
intention. First, spatial expansion of construction land in planning period is identified. Second,
conforming, nonconformng, and unfulfilled areas are identified. Third, two indicators on boundary
control were used, through which the effectiveness of boundary containment, and land sufficiency were
exploredto highlight the effectivenessof the plan. Fourth, the preservation level of proposed land for
green spacesis examned. Results of the study reveal that, though, the area encompassed by the master
plan isdesigned largeenough to accommodate new devel opments; it has met nore difficulties to control
and direct urban growth effectively. Furthernore, proposed land for farmland, informal green, and
formal green areashave met nore difficulties to follow the plan. The limited effectiveness of the plan
mainly attributed to geographic variables, monitoring and evaluation, and political influence. The
findingsof the researchwould support sugainable spatial policy and direction of spatial development
with respect to sustainable urban environment and creating a balance between ecological and socio-
economc needs.

KEY WORDS: urban growth, master plan, urban planning, green spaces
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1. INTRODUCTION

The fundamental goal of urban master plan
IS to ensure the sustainable development of
urban areas. Urban Growth Boundary
(UGB) in the City mester plan (CMP) is
used to control urban development scale and
delimitating construction  scope
(Huang and Tian, 2008). Thus, UGB serves
as an effective tool to control the urban

urban

sorawling and gves prominence to the
guiding role of master plan being widely
applied. growth  management

approaches, urban containment policies are

Among

widely used to manage urban growth within
a planned construction boundary preserving
land, and
environmentally sensitive areas that are not
curently suitable for urban development
(Nelson and Duncan, 1995).
proposed urban growth boundary in mester

open space,  agricultural

Similarly,

plan of Ethiopia’s urban centers has been
implemented as lega  boundaries
managing urban growth.

for

Most of the previous studies tended to hold a
postive  attitude UGBs, ad
advocated the application of UGBs in
different countries to solve the domestic
urban problens. At the earliest, Nelson and
Moore (1993) evaluated UGB in Portland by

toward

using ‘residential  density” mdicator.

Brody & Highfield (2005) have assessed the
efficiency of

as

land-use planning and plan
implementation in Florida by measuring the
degree to which wetland development over a
tenyear period conforms to the original
design of adopted comprehensive plans of
Southern Florida. More recently, Han (2014)
analyzed
construction boundary (UCB) in Beijing by

the effectiveness of urban
comparing the morphology of planned UCB
with that of the actual urban boundary using
GIS technique. Other studies have provided
methods of UGB delimitation (Qiwei et d.,
2015). Beside these acknowledged studies,
however, examnation of effectiveness of
urban mester plan as a tool to rein urban
built up expansions within planned growth
boundary and related challenges have not
been addressed well so far. Moreover, no
empirical research is conducted to evaluate
Adama City master plan implementation in
ad in

preserving proposed lands for green spaces.

controlling  urban  expansion

Hence, the present study examines the level
of implementation of Adama City mester
plan to direct and control urban growth and
to what extent it protected the proposed
open spaces a the beginning of planning
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period. The plan actualy functioned from
2004 to 2014 ad it is denoted by CMP0O4 in
this study.

With  this the sudy adopted
conformance based

| mplementation of
management

am,
approach.
growth

from

urban

was analyzed

morphological  conformity  assessment  of
bult up land. The effectiveness was
examined using boundary containment ratio
(BCR) and boundary sufficiency
(BSR). Nonconforming developments were

futher used to examine conservation of

ratio

proposed strategic green spaces.

2. MATERIALSand METHODS

2.1 The CM P04

Urban mester plan as a tool for urban
development has been practiced in the
country since 1940s. City master plan
(CMP) has traditionally been a crucia type
of gpatial plan to both envison City
development perspective in the future and
implement land use control over a specific
planning period. It has been revised every 10
years. Accordingly, the latest plan prepared
for Adama City was approved in 2004 and

2.2 Data Acquisition Techniques

Data used in this study were from different
sources. UGB and land use plan mep were
extracted from Structural plan map. Existing
bult up boundaries of the City of both

actually functioned as a tool to direct and
control urban growth from 2004 to 2014. It
served as a basic spatia instrument to locate
urban infrastructures and to contain urban
growth. Structural plan map of CMP0O4
indicates the distribution and extent of mgjor
land use categories, shows magnitude and
direction of growth of the City in planning
period; and contains the general mandatory
provisions for the development of the City.

periods (2004 and 2014) were extracted
from land use land cover mep as of 2004
and digital orthophoto of the study as of
2014.
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2.3 Delimitation of Urban Growth Boundary (UGB) from CM P04

Structural plan map of CMP04 encompasses
13 principal land use categories. In order to
delineate  proposed  growth  boundary,
proposed land uses are categorized into two

classes; Condructible and  construction

forbidden areas (table-1). This classfication
was a base for generation of map of “two
areas”. The delimitation of the boundaries of
these areas provide reasonable basis for
studying the spatial growth boundary of the
City.

Table 1. Reclassification of proposed land use categories in structural plan of CMP04 into “two

area”

Land use category in

CM P04 New class
Centers &markets, Housing
expansion, Mixed land use,
Social service, Health service, | Constructibl
General service, Manufacturing | earea
& Storage, Government office,
and Transport
Children play ground, Informal Construction
green, farm land, farm and forbidden
ground water, protection zone,
Horticulture area

2.4 Conformance Based

Evaluation

refers the
conformty between plan and actua
development. This  theory
technocratic view and emphasizes the role of

Planning  conformance to

follows a
plaonng as a rationa tool to draw a

Specifically, planning

conformance theory assumes that once a

blueprirt.

plan is adopted, a definte image of the
confirmed. Thus, the plan
evaluation can be undertaken by identifying

future is

how closely plan outcomes conform to plan
prescriptions (Oliveira &Pinho, 2010).
order to achieve a proper evauation for
different plans, the evaluation theories need
to be selected based on the nature of plans.
Urban plans can be categorized into two
types. project-oriented plans and strategic

In

plans. Projected-oriented plans refer to
traditional plans which mostly provide
blueprints of the designated end-state of the
physica ervironment. On the other hand,
strategic plans deal with the coordination of
diverse actors (Faludi& Van, 1994; Faludi&

Alexander, 1989).
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CMPO4 is essetidly a materia-oriented
blueprint plan with a clear envisaged end-
state. In other words, the future is closed in
the framework of a plan. Hence, with the

2.5 Conformity Assessment

For morphologc conformity assessmert,
gpatial overlay analysis of actual built up as
of 2014 and growth boundary of the plan
was carried out in GIS framework. Spatial
extert, and pattern
nonconforming developments

identified.

location, of

were

Quartitative
using two basic indicators developed by Han
et a. (2009): Boundary Containment Ratio
(BCR) and Boundary Sufficiency Ratio
(BSR). Figure-1 helps to illustrate these
indictors used in the effectiveness
assessmernt.

conformty was determined

25.1 Boundary containment ratio

BCR was used identify that to what extent
actual boundary of construction land as of
2014  deviates growth
boundary in CMPO4. In this regard, less
should the
boundary than insde if the plan is effective
to contain urban growth. It is measured by

from planned

urbanization occur outside

perception that CMP04 has more features of
project-oriented plan, planning conformance
theory is chosen as the quiding framework
for evaluating implementation of the plan.

Initial state (20041

End state (2014)

Legend Legend
uce [ Unficlfilled ares
I Suiltop iz 2004 I Builiup i 2004

=3 Expansion insils UICE
EA Erpension outsids UCH

Figure-1: Tustration of the areas and boundares

of analyzis

the ratio of ‘“area of increased urbanized

land outsde the boundary (nonconforming)

since its implementation” and ‘“area of
increased  urbanized land  within  the
boundary (conforming) since its

implementation”. The higher value of BCR
indicates  limted  effectiveness and  vice

versa.
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Non—-conforming area

BCR = Conforming area

BCR =0,
0< BCR <1, limited ef fectiveness
BCR>1, complete failure

2.5.2 Boundary sufficiency ratio

BSR state that the total possible increase of
urbanized land area should be less than or
equal to area of proposed land for urban
the planned growth
beginning of planning
achieve effective urban

expanson  within

boundary at the
period in order to
containment. In this case the area of actual
total expansion shoud be no more than area
of proposed expansion. It is measured by the
ratio of “area of total increased built-up land

complete ef fectiveness

since its implementation” and “area of

proposed land for urban growth”.BSR is
inversely proportional to sufficiency of the
size of UGB.

Total urban expansion
BSR =

Proposed area by the plan

BSR <1, planned area size is large enough

BSR>1, planned growth area is insufficient

2.6 Analysis of Green Space Preservation

Green gspace plays a dgnficant role to

prevent uban sprawl, improve urban
environment, and store enough space for
future development. CMP04 had four kinds
of dtrategic green space land uses. Formel
green, Informal green (forest), Farm land,
and Ground water protection

Evaueting the implementation of

Zones.

green

space strongly indicates the control of urban
sprawl (He, 2012).

In order to evaluate the level of green space
preservation, spatial overlay analysis of
nonconforming  developments and  green
spaces proposed in CMP04 was conducted.
Then gspatial extents of misused land uses

were computed. The level of implementation
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of the plan was amayzed in terms of

preserved areas of each land use class in

proposed green spaces class.

3 RESULTS

3.1 Proposed UGB by CM P04

CMPO4
development as much as possble and
practicable in view of the local climatic
conditions (NRSO, 2004). Based on this,
urban growth boundary was redefined. By
controlling the total amount and regulating
the gpatial location of urban built-up land,
CMPO4 is expected to be able to rein the

targeted a bringng compact

Figure-2: Aggregated proposed constructible and
non-constructible areas by CMP04

UGB in CMPO4 is predictive type
formulated based on the prediction of urban

-71-

development in proposed urban construction
boundary.

Resut of aggregated two area classfication
UGB deimtation in this study is
depicted in figure-2. Area within UGB is the
land that reserved to meet the urban growth

for

need in planning period.

land  development
population growth in planning period.
Spatial analyss indicates that the plan
total 2839.8na for bult up
expansion and 7887.9 ha for open spaces

required for expected

proposed

usng drategic green frame to  conserve
fuure development and
support smart growth.

resources for
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2.2 M orphological Conformity

Result of spatial overlay of actual built up
and planned urban growth boundary in
CMPO4  (figure-3) shows that non-
conforming developments occurring  outside
of planned boundary during planning period.

Magjority of these open space encroachments
are adjacent to UGB at western and eastern
parts of the City aong the main road from
Addis Ababa-Harar. In addition, significant
leapfrogging developments away from the
dense nodes were aso idertified in North-
We<t, South-West, ad South- East
directions, regardless of the UGB set in
between. This shows the limitation of the
plan in controlling the location of urban
construction and preserve open spaces for

future development.

-72-

S25000

30000 S35000

930000
950000

945000

945000

940000
940000

= - Dev1 cutside of UCB .
21 [Juce curos re
= [: Planning boundary =
. Non-Constructable area
0- )"(‘_l Y 3 % (’K"l | Constructable area
525000 530000 535000
Figure-3: non-conforming developments in

Adama City as of 2014

Further spatial analysis of total actual urban
growth in planning period reveals that new
built up land inside the UGB is 1715.2 ha
conssting of 75% of the total built up
expansion. At the same time, built up land
outsde UGB is found 570.4 ha consisting of
25% of the total built up expansion. Most of
non-conforming  developments are  informal
developments as of 2004 and not considered
during plan preparation. They are supposed
be gadudly by City
administration. However, spatial  expansion
occured around them. On the contrary,

to removed

despite it is reserved for urban growth,
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1124.6 ha of land inside UGB located at
northern and southern parts of the City is not
yet developed indicating

3.2 Quantitative Conformity

poor

Effectiveness of the plan in controlling
urban growth is analyzed using computed
value of selected indicators. BCR from area
of bult up outsde and insde UGB; and
BSR from area of total built up expansion in
planning period and area of proposed land

for urban growth in CMP04.

The result shows that value of BCR is 0.33
indicating urban growth outsde the UGB
has a dgnificant share of the tota growth
indicating the plan has not effectively

3.3 Green Space Preservation

The result of gpatial overlay of map non-
conformng developments and map of
proposed land uses in dtrategic green frame
is depicted in (figure-4). It demonstrates that
open space encroachments are converted

implementation of the plan in guiding

direction of spatial growth.

corntrolled the spatial location of new
developments. On the other hand, vaue of
BSR was found to be 0.8. It indicates thet
UGB in CMP0O4 was planned to encompass
area large enough to accommodate al new
urbanization if measwed by the actud
development density. The values of both
indicators underline that even the most well
intentioned spatial  planning designs  cannot
guarantee conformity or prevent the adverse
impacts of sprawling growth patterns.

from farmland, formal green, and informal
green. Spatial extent of misused land is
table-2  highlights  the

preservation level of proposed green spaces.

summarized  in
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950000

145000

945000

940000
940000

935000

935000

v
525000

Legend

Main Asphalt road Protec. zone

Expressway

I "on-Conforming

Formal green

Farm land ,:

Cenn
Informal green .=

Cons area

Figure-4: distribution of unplanned developments

Table-2: spatial extents of preserved strategic

green spaces proposed by CMP0O4
Proposed Preserve  Misused
green spaces d (ha) (ha) (%)
Farmland 2737.2 41;'3 131
Formal green 1217.7 7368 57
Informal green 2673.7 8442 31
Grouno! water 688.9 i i
protection
Total 73175 5705 219
Results depicted in figure-4 and table-2

reveal that proposed ground protection area is
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well farmland,  informal
green, and formal green areas have met more

preserved  while

difficulties to follow the plan.

Further analysis indicates that farm land is
higny  encroached by
developmernts. This  encroachment IS
perceived at the outlet to Addis Ababa in

nonconforming

front of “Abba Geda”. It is strategic site
suted close to main road and office of
Regond  Government  and
potential  busness ste. In addition to this,
unplanned developments are identified at the
Adama-Addis Ababa
expressway and main road passing through
the City a both ends. These stes are
relatively
trangportation access. And aso most of
developments at the outlet to Harar are those
of exiging developments before CMP0O4
preparation. According to proposa of the
plan, they would be removed gradudly.
However, in redity they spatialy expanded
indicating implementation.  Other
leapfrog developments converted from farm
land migt be due to

supervision.

considered

junction point  of

perceived suted to ease

poor

lack of close
Moreover,
in front of ASTU

norn-conforming
developments occurred
supplied for expansion has a large share of
developments

norconforming converted

from formal green and large area occupied by
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T/Halyimanot Orthodox church at the eastern
part is converted from informal green. These
4 DISCUSSIONS

In summary, the primary function of urban
mester plan is to guide and control spatial
development of urban areas during planning
period. Thus, effectiveness of the plan should
be measured by the level of conformity
between actua land use outcome and
proposed land use in a master plan from both
morphological and quartitative perspective.

In this study, effectiveness of the plan is
measured by the level of conformity between
plan intention and actual outcomes. The
findings reveal that the level of conformty is
acceptable when measured by the size or
quartity. The total area of increased built up
land in planning period remains in the limit

of the land use quota proposed by the plan.

In contrary, level of conformty between the
plan intention and actual land use outcome is
the
morphology. There are dggnificant  new
developments UGB
indicating limitation of CMPO4 in controlling
gpatia location of new developments. Such
developments are gpatial indicators of urban
sprawl (Brody and Highfield, 2005). On the
other hand, the plan has met difficulties to

low when measwred in ternms of

occurring  outside

-5

al explain that CMP04 has met difficulties in

preserving proposed open spaces.

preserve dStrategic green frame characterized
by encroachment of farm land, informal

green, and formal green.

Based on these evidences, it is enough to
conclude that CMPO4 has met difficuities to
play its role in guiding and cortrolling spatial
growth of Adama City. In spite of the
morphological deviation, the total area of
new developments occurring during 2004-
2014 has not exceeded the area alowed by
CMPO4, which at least shows that the size of
reserved land  is The non

conforming developments might result from

reasonable.

the following four potential factors.
I.  Geographic variables
Proximity to likely public infrastructures and

mgjor
affects the degree of plan conformty. The

transportation  corridors  significantly

gpatial variables support the visual results of
the study and indicate that most of non-
conforming developments occurring outside
of UGB ae close to mgor road and
expressway passing in the planning area due

It is aso
infrastructure

to better transportation access.

perceived that other
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developments in these areas are relatively
good. By contrast, lack of these variables at
northern and southern parts of the City is
retarded the proposed developments.

ii.  Monitoring and evaluation

identified in
this study might be occurred due to a lack of
in a timely
through

Non-conforming  developments

supervison and  monitoring
Technically,
monitoring and evaluation, land use changes
usng geospatia technologies i.e. geographic
informetion system and

manner. regular

remote-sensing, it
identify  unplanned
developments and take measures to stop the

would be possble to

construction in atimely manner.

In addition to this, despite the developments
outreach the plan intention, proposed area has
not been fuly wubanized. Apparently,
11.25kn? of land within UGB
undeveloped. It is larger than the area of non-
conforming developments identified
indicating despite the possibility to develop
within reserved area, a large proportion of
construction activities happened outside. This

explains limitation in monitoring.

remains

iii. Lack of commitment

-76-

lllegal and informal developments in 2004
duing CMP0O4
preparation and they would be removed

were not  consdered
gradually in planning period. However, in
practices, the City administration has not
these developments.
Instead, spatial expansion occurred around
them. the City administration
recognized developments  that
outreached UGB. It explains that why the
mgjority of illega developments as of 2004

existed in 2014.

removed many of

Even

ome

iv. Political factor

Of adl the reasons, unsupported political
leadership is perhaps the most essentia
reason that led to the deviation between plan
and outcome. Because CMP04 is mainy a
‘government-led’ plan, the extent of support
from regional government will thus largely
decide the extent of implementation success
of the plan. In Adama, socio-political
acceptance and economic development is
given the first priority. Hence, in most cases
City administration chose to secure political
acceptance and support development rather
than control. With this am, political leaders
in the City administration, Mayor and its
advisory team (cabinet) would place their
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primary focus on economic development and
political security, since both are the principal
criterion when regional government assesses
thelr political achievements. Hence, political
leaders in the City provided little support in
the implementation of the plan. Instead, the
success of investments in Adama made the
City administration believe that attracting
developers through land supply was an
effective way to maintain a rapid economic
growth.  Moreover, regiona  government
coud obtan a consderable sum of land-
transferring fees when lending lands to
investors,  which  largely helped  the

government to maintain its fiscal balance.

Therefore, when development projects come
to Adama, the City administration and
regonal government would satisfy the ste
selection proposed by developers as much as

possible even including areas out of UGB.

Especialy ones with large economic added-
vaue showed their interests in the City,
investors were amost free to select any stes
they needed regardless of the limit of UGB.
For investors were conmpletely market-
oriented, the decisions they mede for the
locations were mostly based on cost-benefit
andysis. Thus, they sddom took the
implementation of UGB into accourt. If the
gtes out of UGB were economic and
appropriate in their opinions, they would
defintely apply for that land than within
UGB. In order to retain the investment, City
administration  uitimately
applications. This

developments occurred out of UGB at the
outlet to Addis Ababa in front of “Aba Geda”
are high standard Hotels. Hence, political
context in Adama has not created a

accepts  their
explains why

supporting  implementation  environment  for
CMPO4.

5 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

By mapping the spatid expanson of
construction land under CMP04 control and
measuring the degree of plan conformance,
this research evaluated the effectiveness of
the plan. The value of the study can be

explaned in  different ways.  Firs,

morphological conformity assessment  using

geospatial
extent for keeping a plan on track and

technologies  provide  spatia

ensuring  effective  implementation over the
planning period. This method can help

plaoners  recognize  where there s
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nonconformty or significant deviation from
origna plan desgn that may adversely
influence urban environments. It serves as a
monitoring tool with which to guide the
direction of plan implementation, to adjust
course to updated informeation, or to plan a
new heading before negative outcomes
Second, quantitative
conformity assessmernt using BCR and BSR
is  highlighted
CMPO4.This provides insght into master
implementation as sufficient  plan
design only by itself will not insure plan
implementation.  Third, qualitative analysis
provides a better understanding of the mgjor

become irreversible.

the effectiveness  of

plan

factors  contributing to  nonconforming
development and sprawling growth at urban

5.2 Recommendations

Although
information on the effectiveness of Adama
City mester plan and influencing factors, the

this study provides important

results should be consdered only an initial
step understanding  the

between uban land use plan ad
implementation.  Further
needed on severa fronts. First, only one
is outlined the
effectiveness of urban plans, which by itself
is not sufficient. Other evaluation techniques

towards links
its
rescarches are

approach to examne

fringes. ldentification of why development
occurs in unintended areas can help planners
reduce such an occurence in the future.
Moreover, it helps the government to design
gpatia policies to the context to improve
to miigate sprawling
development  patterns, and
environmen. Most

plan implementation,
to conserve
the
techniques and findings of this study could

importartly,

facilitate an adaptive approach to other
urban centers in the country. An adaptive
approach to long-term planning can more
effectively reduce undesrable outcomes
or prevent development
patterns from taking mgjor detours from the

originally intended path.

such as sprawl

must be developed, and plan implementation
shoud be evalusted with use of multiple
approaches of analysis, both quartitative and
qualitative. Second, the study has examined
Adama City master plan of single planning
period. Future research should analyze plans
in different planning periods to identify the
trend of effectiveness of Adama City master
is recommended that level of
implementation urban mester plans in more
Ethiopia should be
examned. Comparative

plans. It

urban centers in

analyses  would
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provide an increased understanding of the regonal and National land-use policies
effectiveness of gpatial planning and plan should be considered more effectively in
conformty in genera. Moreover, more order to isolate the effects of growth
researches are needed on the factors management  tools on land use plan
influencing plan conformity and the degree implementation  and  sprawling  growth
of uban plan inplementation.  Finally, patterns.
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Abstract

In this work we reported the status of one of Ethiopia’s Great Rift Valley Lakes; “The ever expanding Lake
known as Beseka” in respect to water quality parameters. A composite sample was prepared by combining equal
volumes of water sanples taken from five Sanpling sites. Five physical parameters (pH, DO, EC, T° and
Turbidity) were determined for all sanplesat the spot of sampling while other physcal parameters such as TSS
and TDSwere determined in thelaboratory. AASwas used for the determination of heavy metals Pb, As, Cd, Cr,
Fe, and Pb while spectrophotometer was used to determine water hardness, total chlorine, NO3, PO,%, NH3,
SO,” Alkali metalsNa andK are determined by Flame Photometer. The findings indicated that the lake was
foundto be alkaline with pH above nine and brakish with TDS value of 2569.70 ng/L. The measured higher
values of EC and turbidity resulted fromhigher valuesof TDSand TSS Also these values are much higher than
the acceptable values for surface water such as lakes. Smilarly Pb, Cd, As, F and total Cl are above the
permissible values whileother Physical and chemical parameter are within the acceptable limt of both WHO
and FAO Guidelines for drinking and irrigation water.

Keywords: LakeBeseka, Great Rift Valley, , Physicochemical, Water quality parameters
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1. INTRODUCTION

Ethiopia is naturally endowed with abundant
water resources that help to fulfill domestic
requirements,  irrigation and  hydropower
(Minstry of Water Resources, 2000). With its
curent per-capita fresh water resources

The main Ethiopian rift (MER) valley is a part
of east African rift system, which extends from
the Kenya border up to Red sea The
seismically and volcanically active northern
main Ethiopian rift (MER) and Afar rifts are
virtually the only places worldwide where the
transtion between continental and  oceanic
rifting is exposed on the land (Keir D, 2006).
The complex geological processes associated
with the rift valley are responsible for creation
of east African’s largest lakes as well as much
of its topography (UNEP, 2008). The main
Ethiopian (Woldemichael, 2014) rift valley
system occupies very wide plain areas and is
constituted by number of surface water bodies
mainly lakes of different hydrologcal and
morphometric characterigtics (Turdua,
2006).The lakes in the Ethiopian rift valley are
Stuated within three basins: Awash basin (lake
Koka, Beseka, Abe), which is located in the
northern main Ethiopian rift, the lakes region
(HaroDambal, Langano, Abijata, and Shalla),
occupying central part of the MER and southern
basin (lakes Awassa, Abaya, Chemo and Chew
bahir) in the southern section of the main
Ethiopian rift

(Wikipedia) https://en.wikipedia.org/wiki/Great
_Rift Valley, Ethiopia Being ore of the Rift
valley lakes, Lake Beseka is subjected mostly

to the impact of natural geologic activities
related to the rift valley formetion and also to
anthropogenic activities that could affect the

estimated at 1924n?, the country is one sub-
Saharan African countries endowed with the
largest surface fresh water resource. However,
ony 2% of potentia is annualy utilized
(MOWR, 1999).

water quality of the lake and enhance its
pollution (Tamiru, 2005). Lake Beseka is one of
the highly mineralized lake waters (Bedilu
Demissie, 2014). The beds of the lake are
volcanic rock and sediments of volcanic ash.
Hence the Lake is volcanically dammed,
endothermic and saturated with dissolved

solids. Lake Beseka has been expanding at an
astounding rate since the late 1960’s and early
1970’s. According to the study carried out by
Sir William Hal crow and partners in 1978, in
1962 the lake covered only 3 kn? and by the
year of 1972, the area coverage had reached to
11knm? (Ministry of Water Resource, 1990). In
1998 its coverage was about 40 kn? with
maximum depth of 11m (MoOWR, 1999). In
2005 the lake coverage was about 41.8kmf
corresponding to depth of 15.2m (Tenalem,
2005). Terndem has evidently showed that
change in volume has been found to be related
to shift of water balance caused by ground
water inflow through open rift faults from the
surrounding over irrigated fields and regulated
Awash River. Moreover, it has been ever
expanding in volume as a resut of which
serious  social, economic environmental factors
have been wunder threat (Tendem, 2005),
(Amare, 2005)(Tamiru, 2005); (MoOWR, 1999).
The expansion of Lake Beseka is aarming and
has detrimental effect on the surrounding
biological, physical, hydrologicad and infra-
structural  environment.  However, trace meta
hydrochemistry of the Ilake which can
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potertialy be affected by presence of hot
springs and the on-going physical dynamism of
the lake that involves interaction of the water of
the lake with its surrounding geology needs to
be studied since the lake is alowed to flow to
Awash River, on which thousands of lives are
dependent (Ministry of Water Resource, 1990)
(Minstry of Water Resources, 2000). Lake
Beseka is by the surrounding population for
sanitation, drinking water for cattle, home for
different aquatic, animals, birds and a number
of wild animals. In additon to natura
geological factors Lake Beseka is vunerable to
huge anthropogenic activities by the nearby
Metehara municipal; Metehara Sugar Estate and
Abadir Farm. The color of the lake Beseka is
yellowish-brown (Amare, 2005) and this also
visually observable. There are different factors
such as presence of natural metallic ion (Fe and
Mn), humus and peat materias, plankton,
weeds and industrial wastes which can impart
color to natural water (APHA, 2005); the

reason why the color of water of the Beseka is
yellowish-brown has not been analyzed. Since,
change in color can affect water quality in
terms of changing transparency of the water of
the lake and hence its biological productivity
potertial (Wetzel, 1999). MOWR is trying to
control the expansion of the lake by discharging
about 10nP/s of water to Awash River.
However, the adverse effect of the above fact
has not studied yet .To these end, the resuit of
the investigation will play a crucial role for
futher understanding of the chemistry of the
lake water and thus contribution to the future
water resources management, Uutlization and
environmental protection. So the study involves
investigations of the effects of geologica and
anthropogenic  activities on the physcal and
chemica water quality parameters as well as
the impact of the lake on the surrounding
ecosystem especialy on the downstream of
Awash River.

2. MATERIALSAND METHODS

2.1. Study Area

Lake Beseka (latitude 39°51°- 31°53’N and
longitude 8°52°- 8°54’E) is located in the
northern half of the Ethiopian Rift Valley close
to Metehara Town at the junction of the Main
Ethiopian Rift (MER) and the Afar Triangle
about 190 km to East of Addis Ababa. Fringed
either side of the main hignway and railway
line, the lake has been threatening Ethiopia’s
only access to the Port of Djibouti. It covers an
area of more than 40 kn? with a mean depth of
6 m and maximum depth of 11 m Moreover,
the surface area of the lake has been increasing
continuously and its size has changed from 3
knf in 1964 to more than 42 knv(Tendlem,
2005).

Figure 2.1:- Boundaries of Lake Beseka in 2015
and its watershed and sanpling sites
(Source: Google Earth open source)
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Table 2.1: Surface sampling points and the corresponding locations.

2.2. Instrumentation

GPS coordinates
Surface sampling stes/ points  Altitude North East
Lake Beseka Pointl (LBP1) 3179 8°54°22.10” 39°53°01.25”
Lake Beseka Point2 (LBP2) 3158 8°53°31.62” 39°51°27.98”
Lake Beseka Point3 (LBP3) 3139 8°52°21.14” 39°52°25.05”
Lake Beseka Point4 (LBP4) 3554 8°53°24.62” 39°54°30.70”
Lake Beseka Point5 (LBP5) 3139 8°49°46.15” 39°50°35.66”
sampling. For this sudy, a number of
A number of instruments and apparatus are instruments were  used to determine the

used in sampling, sample holding,
transportation, preparation, preservation and
testing. PET bottles were used as sanple

holder and ice box for preservation of water
sample during transportation.  Turbid metric
2100A, EC meter (JENWAY, 4200), pH meter
(JENWAY, 430), to measure turbidity,
electrical conductivity and pH at the spot of

concentration of selected Chemical parameters.
The Determination of Pb, Cd, Cr, Mn, As, and
Fe done ou by FAAS wheeas the
determination Of, NO3-, SO42_, NHs, F, PO43-,
total hardness and Total Cl was done with
Spectrophotometer. The cdibration of the
instruments was carried out based on (APHA,
2005) protocol.

2.3.Water sampling, transportation, preparation and preservation

Sanple collection protocol is the most
important step to be followed in any analysis of
environmental sanmples such as water, ar or
soil. In this experiment we followed (UNEPA,
2010), Guidelines for regulatory monitoring
and testing water and waste water protocol.
Accordingly, new plastic bottles were labeled
and transported to the sampling site. The bottles
were rinsed twice with sample water before
they are filled with water sanple. Al the
samples were grab samples taken from the
suface at one point in the cross-section of the
flow. Following the protocol, the samples are

84

then acidified with ultrapure HNO3, to pH of
2+0.2 (ImL of 65% HNO;3; per liter of the
sample), packed and transported to the
laboratory for further preparation. The water
samples were filtered with a 0.45 um pore size
cellulose acetate membrane filter inserted in a
Millipore filtration glass assembly. Samples for
metal analysis are transferred to UV-transparent
new polyethene bags and, then, 100 umol/L of
uitrapure H,O, was added to initiste radical
generation during Solar-UV irradiation.  This
sample was irradiated with solar-UV  of
intensity 560 mW/cn? for 24 hours (Gelaneh
W.M, 2011).
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2.3. Method Validation, quality assurance and Sample Analysis.

Method Validation quality assurance and
Sample Analyss was done according to
(UNEPA, 2010) gquidelines for regulatory
monitoring and testing water and waste water

3. RESULTS AND DISCUSION

3.1. Recovery test results

The percentage recovery lied in between 98.32
to 100.12% for AAS as described in table 7 and
99.55 to 100.1% for spectrophotometer (Table
3.1). These imply that, the measured results are

2003. Accordingy MDL, percentage recovery
were determined for method validation while
mean, dStandard deviation and One way
ANOVA are used for quality assurance.

within the acceptable range of 75-110%. Thus
the digestion of water samples procedure for
chemica andyss in the water sample was
validated.

Table 3.1:-Recovery test results for metals analyzed by FAAS and spectrophotometer

Parameters Pb Cd

Cr

As Fe Mn

% recovery 98.32 99.60

100.12

3.2. The results of physicochemical parameters

According to (Chapman, 1996), (WHO, 2004)
the pH of most natural waters are within the
ranges of 6.5-8.5 implying that lake Beseka is
considered as akaline(table 3.2). The akaline
nature of Lake Beseka arises from the presence
of bicarbonate ions (Bedilu Demissie, 2014);
(MOWR, 1999) and other akali and akaline
metals present in the bed rock and volcanic ash.
(MOWR, 1999) classfied the lake as a sodium
bicarbonate type and evidently showed the
correlation of its higher pH vaue with its
dominating bicarbonate ions.

The mean temperature of the lake water is 26.6
°C. This phenomenon of temperature has an
effect on the physicochemical parameters such
as total dissolved solids (TDS), electrica
conductivity (EC), pH, dissolved oxygen (DO),

99.90 100.01 101.01

and other aguatic life and limnological factors
of natural waters. This increased temperature is
partially responsible to low amount of DO in in
the lake water.

The electrical conductivity of Lake Beseka is
measured to be 2709.98us/cm (table 3.2) which
was above the allowable standard for drinking
(WHO, 2004). The reason for the observed
value of EC arises from the presence of high
amounts of dissolved inorganic substances.

The turbidity value of the lake Beseka was 6.34
NTU (table 3.2) and this is dightly higher than
the limts alowed for drinking water quality,
according to the WHO (2008) standard which is
5 NTU. The presence of high TSS (630 mg/L)
is responsible for this value. This increase in
turbidity decreases the light attenuation by the
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lower portion of the water and this in turn can
affects aquaculture.

The total dissolved chemical species (TDS) is
2569.7 mg/lL (table 3.2). This inplies that Lake
Beseka can be classfied as a brackish water
type dnce natural waters with TDS values
between 1500 mglL and 5000 mglL are
classfied as brackish. In other words, the lake
water is between the classes of natural waters
known as freshrwaters and sdline-waters. The
research finding clearly shows that the observed
total dissolved solids and suspended solids are
above the agreements of (WHO, 2004).

FAO classfied water resources with TDS
values greater than 2000 mg/Lunder ‘severe’

degree of regtriction for the use of irrigation
based agriculture. Lake Beseka’s mean TDS
value was about 2569.7mg/L which is well
above the FAO quideline limit and thus cannot
be recommended for irrigation purpose. Since
the lake water has been reported to be sodium-
bicarbonate type (Bedilu, 2005), (MoWR,
1999) the application of the water for irrigation
pupose may cause sodicity problem to
agricultural soils. On the other hand, releasing
the lake water into Awash River to regulate the
ever expanding volume of the lake as it has
being practiced by the Ministry of Water
Resources may also have possble negative
implications on one of the most vital rivers of
the country.

Table 3.2:- Mean results of Physical parameters for composite water samples.

Parameters | pH EC(us/cm) DO (mg/L)

Turb.(NTU)

Temp.(°C) [ TSS(mg/L) | TDS(mg/L)

Values 9.42+0.02 | 2709.9+0.01 | 6.01+0.03

6.342+ 0.01

26.6+ 050 | 630+32.01 | 2569.7+35.43

BOD indicates the amount of biodegradable
organics that can deplete DO and it is the
measure of the amount of waste or the presence
of nutrients which helps the growth of green
plants such as algae because the decomposition
of these plants increases the concentration of
biodegradable organic matter or BOD. In this
anaysis the amount of BOD and COD is found
to be 0.50 and 23.40 ngO/L (table 4.3) the
lake water is in the acceptable range (WHO,
2004)

Ammonia is extremely toxic to fish and should
be present below 0.2 mg/L. Values above 2 m/L
are usudly an indication of serious organic
pollution (Chapman, 1996). Accordingly, the
measured value (0.22 mg/L) is in the acceptable
range. This implies that, the lake is safe for
aquatic life in respect to ammonia.

In fresh waters, the concentration of nitrate
does not exceed 0.001 mglL and are rarely
higher than 1mg/L (Chapman, 1996). Under the
influence of human activities, natural waters
may contain up to 5 mgy/L and this indicates
polluion by humen or anmal waste or
fertilizer-run off. The Measured vaue of nitrate
ions was found to be 4.42 mg/L (table 3.3)
indicates that the lake is getting polluted by
anthropogenic activities.

Arsenic was measure to be 0.059 mg/L (table
3.3) confirming that it is in the range to be
present in natura waters (1-2 mg/Land0.01
mg/L) in drinking water (WHO, 2003)(WHO,
2011). The research finding indicated thet, the
mean values of arsenic is within the above
acceptable limit for the lake (WHO, 2003) as
suface water but it is above thePermissible
limit to be used for drinking purpose.
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The observed concentration of cadmum is
0.054 mg/lL (table 3.3). The maximum allowed
concentration for drinking water is0.003 mg/L
(WHO, 2004). This indicated that the lake
water is not recommended for drinking.
Therefore, releasing the lake water to Awash
River might pollute the river itselff and can
increase headth risk of the people living
downstream and drinking Awash River water.
High concentration of cadmium is aso toxic to
beans, beets, and turnips a concentrations of
0.1 mg/Lin nutrient solution.

The fluoride content is 2.404 mg/lL (table 3.3)
which is above WHO’s standard (1.5 mg/L) n
drinking water (WHO, 2011). The observed
high value of fluoride ion confirmed a typical
characteristic of ground water of the rift system
it is the main cause for the observed tooth decay
in the area.

The total amount of iron species over the
surface of lake water averaged 0.19 mg/L (table
3.3). This is far less than the concentration of
iron expected in natural waters which is 0.50 -
50 mg/lL (WHO, 2003). However, the research
findings indicated that, iron concentration of the
lake increased from previous studies (MoOWR,
1990) which were reported to be in the range of
0.01- 0.16 mylL.

The high temperature of the Ethiopian Grate
Rift system is believed to increase the rock-
water interaction which coud be the man
driving force for increasing iron concentration
of the lake (Tamiru, 2005).

Lead concentration is 0.631 mg/L (table 3.3)
and this revealed that lead concentration is
above the maximum dlowable international
standards. According to WHO, concentration of
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lead greater than 0.01 mg/L is toxic for humans
especially for infants and pregnant. Lead is
toxic to both centra and peripheral nervous
systems including subencephalopatic
neurological and behaviora effects (WHO,
Guidelines for Drinking-water Quality, 2004).
Blood lead level of 30 pglL causes intelligent
quotient deficit of about four points in children.
Thus the amount observed in analysis reveded
thet, the water from the lake is unsafe for both
humans and animels.

Manganese concentration was found to be
0.075 mg/L (table 3.3). This concentration is
much less than WHO quideline value (0.4
mg/L) for manganese implying the lake water is
safe in respect to manganese.

The concentration of sodium in the lake water
was found to be 1415.1 mg/L (table 3.3) (table
4.2). The highest concentration of sodium is
one of the reasons for the hignest TDS of the
lake. According to WHO, no firm concluson
can be drawn concerning the possble
association between sodium in natural waters
and the occurence of hypertenson (WHO,
Guidelines for drinking water quaity, 2011).
Therefore no hedth based quideline is
proposed.

The average concentration of potassum value
of the lake water was 45.8 mg/L (table 3.3).
Although potassium may cause some hedlth
effects in susceptible individuals, potassium
intake from drinking-water is well below the
level at which adverse hedlth effects may occur
(WHO, Guidelines for Drinking-water Quality,
2004).

The measured concertration of sulfate (SO4%)
s 187.22 myL (table 3.3). No health-based



Fuad Abduro & Gelaneh W.Michael

gudeline is proposed for suifate. However,
because of the gastrointestinal effects resulting
from ingestion of drinking-water containing
high suifate levels, it is recommended that
health authorities be notified of sources of
drinking  water that contain sulfate
concentrations in excess of 500 mgl. The
presence of suifate in drinking-water may aso
cause noticeable taste and may contribute to the
corrosion of distribution systems.

The concentration of phosphate obtained from
the laboratory analysis is 21.68 mg/L (table
3.3). Thus the lake water has less contribution
to the plant nutrient and hence to the increase

concentration of BOD. In other words effect of
Phosphate to the depletion of DO is
insignificarnt.

Results obtained for CaCOsz; was 80.7 mg/L
(table 3.3). Thus the anmalyzed sample meets
WHO and Ethiopian drinking water quality
guideline standards of 500 mg/lL CaCOs
respectively (WHO, 2004). This also indicates
that, the concentration of divalent ions Ca®* and
Mg’ ions at Lake Beseka was very low and the
water is soft water.

Table 3.3:- Mean resuits of Chemical parameters for composite water sanples

Parameters | Conc. (mg/L) | WHO limit Pollution status
(mglL)
BOD 0.50+ 0.21 * Acceptable for the lake
COD 2340121 | * Acceptable for the lake
Lgradlness 80.70+£3.60 * Can cause scaling pipe lines/boilers
Ca-Hardness | 58.00+2.10 * Can enhance scaling
Xcl)lizllinity 8.60£0.31 * Induce scaling of pipe lines/boilers
High; can induce subencephalopathic neurological
Pb Oest00L | 001 and behavioral effects.
Cd 0.05+0.004 | 0.003 Can affect kidney
Cr ND 0.05 Safe
As 0.06 + 0.07 0.01 Polluted
Fe 0.19+ 0.01 * Safe
Mn 0.08 +0.06 0.4 Safe
NH; 0.215+002 |* Can cause taste and odor problems
1415.10+ * May give rise to unacceptable taste
Na 8.02
K 4580 +1.00 |~ Safe
F 240+ 0.12 1.50 Higher, may cause Skeleta/tooth fluorosis
NOs 4.42+ 0.01 50 safe
Tat. Cl 339.8+ 0.02 5 Very high, cause sterilization of the lake
PO,” 2168008 |* Safe
S0, 187.22 + 0.06 | * Safe; but may cause noticeable taste

*No health-based guideline value is proposed.
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4. CONCLUSION

Lake Beseka is expanding from time to time as corrupt the river itself by increasng the pH of

indicated in part one of this article and the base the water, salinty and less sutable for river

rock is basicaly of volcanic ash and is biota by reducing DO and increasing chlorine

contributing to the alkaline nature of the lake toxicity. The high concentration of some toxic

water. Thus the release of the lake water to the heavy metals such as lead can also contaminate

river Awash needs careful attertion since it can the river and can endanger humen health
downstream.
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Abstract

Mathematics has been globally approved as an essential cormponent of engineering and science fields. Thus,
studying theperformance of applied mathematicsis a crucial input for a programaimng at promoting and
controlling quality of educationin higher learning institutions training studentsin engineering. The purpose of
this paper is to investigate the performance in applied mathematics among engineering students of Adama
Science and Technology University, Addis Ababa Science and Technology University, Addis Ababa University
and Bishoftu Defense Engineering College. Stratified random sanmpling technique is used and cross-sectional
data are collected from 886 eligible students through structured questionnaire and standardized
performance/achievement test. The chi-squaretest and the logisticregresson modd analysisrevealed that there
was no statistically significant difference in students’ performance between the science and technology
universitiesand the other universities. The paper also identified topics where students performed poorly in
applied mathemetics. Moreover, performance of students in applied mathematics was influenced by gender,
parents’ socio-economic status, pre-university information, high-school mathematics background, class size,
absenteeism classscheduletime, student-lecturer interaction and participationin cooperativelearning. Finally,
the paper callsMinigry of Scienceand Technology, Universitiesunder study, applied mathematicslecturersand
other stake holdersto overcome the prevailing problemns.

Key words: performance, engineering students, applied mathematics, statistically significant
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1. INTRODUCTION

1.1. Background of the Study

Mathemetics is a fundamental field of study
that plays a pivotal role in the development of
science, technology, business, and computer
science (Barton, 2000).Mathemetical
techniques are consstertly being developed to
meet the changing requirements in Physics,
Chemistry, Biology, and Behaviora science,
Engineering and Computer science (Adleke,
1998). Thus, no other subject forms a strong
binding force among other branches of sciences
as methemetics. Fields such as Social Studies,
Medical science, Psychology, Geology and
Busness Administration requires Mathemétics
and use it (Ozer, 1986). Mathematics lessons
are more likely to be taught in schools and
colleges throughout the world than any other
subject (Orton A. and Frobisher J., 2004) and it
profoundly  influences the  socio-economic
development of asociety and civilization.

Mathemetics as a field of knowledge is
concerned with conscious examnation and
study of processes than with particular answers
to particuar problems, and by the essentia
dissociation of many of its parts from institution
and concrete experience (Hassana O., 2013). In
relation, the experiences involving shape or
gpatial forms lead towards the concept of shape
and hence to practical work in real problems
(Lee, 1962).

Mathemetics is a  subject  dgnificantly
supporting a large number of engineering
couses and consequertly, it is important for
engineering students to hold a strong and
fundamental knowledge that can keep ther
motivation for equitable progress of their

-02-

engineering fields. Engineering as aprofession
requires a clear understanding of mathemétics,
sciences and  technology, hence engineering
graduate acquires not only a practical but also
abstract understanding of mathemetics (Pyle,
2001). Therefore, itis crucia that in university
level, most of programs of study require
mathematics, a  which the ability to
mestermathemetical skills  are  important
indicator of potertial for students in all levels of
academics endeavors (Tang, eta. 2009).
Mathemetics is therefore a subject that supports
all the sciences and hence it is the mother of all
sciences (Felder M., et a. 1994). It is an
inconvertible fact from historical evidence that
much advancement in science and technology
have their roots in mathematics. Consequently,
no nation can hope to advance higher in science
and technology without the proper foundation
in mathematics. Therefore, the importance of
mathematics to humanity cannot be over-
emphasized.

The government of Ethiopia is trying to gve
specia attention to Mathematics and Naturd
Science filds so that the country will be
transformed into industrializations. Despite the
atention gven by the government and the
aforementioned  significances and  applications
of mathematics in sciences and engineering, |
have observed a Sgnificant discrepancy in
performance of applied mathematics among
engneering  students  in - my  discourse  of
teaching experiences. Therefore, the
investigator found that it is cruciad to
investigate performance of students in applied
mathemetics and background factors associated
with it among engineering students.
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1.2. Objectives of the Study

The objectives of this study are to: 1) examine
if there is a dgnficant difference in
performance of applied mathemeatics between
the Science and Technology Universty and
other Universties, 2) identify some gpecific
areas of difficuty encountered by most of
students while learning applied mathemetics, 3)

2. RESEARCH METHODS

This is a quantitative study which explores
performance of engineering students in applied
mathemetics. A sanple sze of 886 students
was determined under the assumption of 95%
corfidence level and 5% margn of error.
Stratified random sampling technigue was
employed to select the €ligible students and
cross-sectional data were obtained  through
structured questionnaire and the standardized
achievement/performance test. The first stratum
consisted Adama Science and Technology
Universty (ASTU) and Addis Ababa Science
and Technology Universty (AASTU) which
were categorized as science and technology

3. RESULTSAND DISCUSSION
3.1

investigate if there is a dignificant difference
between and female students’
performance (achievement) in applied
mathemetics and 4) explore some factors thet

influence students” performance in applied
methemétics.

male

universities while the second stratum consisted
Addis Ababa Universty (AAU) and Bishoftu
Defense  Engneering College (BDEC) which
were under the category of other universities.
The data were analyzed by using the Statigtical
Package for Social Science (SPSS 7.0). The
analytical tools employed in this study were
logistic regression model and a chi-square test.
A logstic regresson model was used to
measure the overal effect of independent
variables performance and a chi-square test was
used to test the existence of the association
between  peformance  ad independent
variables.

Performance in Applied M athematics and Specific Areas of Difficulty

Figure.1: Performance in science and technology universities and other universities ()

652 % hi evers

36.8%

= Non ag)—/j'vers

6%

As
achievers

indicated in Fig.1, the
was 63.2% in

proportion of
Science and

93

Technology Universities where as proportion of
achievers was 67.6% in other Universities.
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Moreover, the analyss in the chi-square test
indicated that there was no satigtically
dggnificant  difference  between science and
technology universities and other universities in
the performance of applied mathematics of
engineering students (c2 = 1937,) as given in
table 3.

In the standardized test of applied mathemetics
| areas of difficuty were application of
integration, defintion of limt and vectors
spaces and subspaces as depicted in Fig.2.

Figure.2: Distribution (%) of students’ performance in topics of applied mathematics I (n=296)

1 i * i
TAL9 | T |
w ;
TALT f |
TALS f
|
TAL3 | :
TAL-1 ] e ‘ — 7\
0% 20% 40% 60% 80% 100%
Keys: TAl-1 Vectors TA1-6 Basc differertiation rules
TA1-2 Vector spacesand sub-spaces TA1-7  Derivative tests
TA1-3 Matrices and system of linear equations TA1-8 Max-min value problems

TA1-4 definition of limit

TA1-5 Continuity

Similarly, in the standardized test of applied
mathemetics 11 the areas of difficuty were

TA1-9 Techniques of Integration
TA1-10 Application of integration

multiple  integrals  and
presented in tablel.

its applications as

Table 1: Distribution (%) of students’ performance in applied mathematics II topics (n=295)

Topic/subtopic Percentage(%) of correctly answered questions
from agiven topic/subtopic

Sequences and series 79.7

Convergence tests for series 63

Power series 71.2

Directional derivatives and the gradient 86

Limt & continuity of funs of several variables | 72.1
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Extreme values of funs several variables 57

The Lagrange Multiplier 44

Multiple integrals 32.3

Application of multiple integrations 19.9
In the standardized test of applied methematics theorem and  divergence  theoremsurface

I, the areas of difficulty were Stockes’

mtegral and Green’s theorem as indicated in
table 2.

Table 2: Distribution (%) of students’ performance i applied mathemeatics 11 topics (n=295)

Topic/subtopic Percentage (%) of correctly answered
questions from agiven topic/subtopic
First-order ODEs 834
Bernoulli equation 79.3
Application of 1% order ODEs 42.1
Second-order ODEs 76.4
Euler equations 79.8
Application of 2" order ODEs 36.5
Fourier series-funs of period 67.8
Fourier series-funs of period 51.2
Half range expansion 311
Laplace transform: s-shifting 71.4
Convolution 33.2
Laplace transform: t-shifting 321
Line integrals 45.3
Green’s theorem 27.2
Surface integrals 25.4
Stockes’ theorem and Divergence theorem 23.7

3.2.

The result of the study as indicated in table 3
the probability of being an achiever in applied
methemetics for female students were  lower
than that of male students (). This might be
perhaps due to the fact that most of the families
do not encouraged their female children
academically during high school due to some
socio-cultural  factors and these might in turn
influence their performance in university.

Factors Affecting Performance of Students in Applied M athematics

The probability of being an achiever for
students from lliterate parents was lower than
that of students from parents with diploma and
above level of education and the difference was
strongly Significant as indicated in table 3.
Furthermore, the probability of being an
achiever for sudents whose parents have
completed primary and secondary level of
education were and respectively lower than that
of students from parents with diploma and
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above level of education. Thus, College
diploma and University degree of parents had
guaranteed for the performance of their children
in applied mathematics in  universities under
study. This means students from families who
are closest to the academic culture had greatest
success in applied mathemetics. This might be
obviously due to the fact that educated parents
provide therr children both the necessary
informetion and materials that support their
education while bringng up them These
parents aso provide higher levels  of
psychological support for their children through
environments that encourage the development
of skills necessary for academic success since
the higher the educational attainment for
parents, the greater thelr aspirations for their
children.

The resuits in the chi-square satistic and the
logistic regresson depicted that the chance of

being an achiever in applied mathemetics was

srongly associated with their high school
mathemetics  background and  informetion
before joining universty about engineering

fields as shown in table 3. This suggested that
convertional measures of academic
achievement are the best determinants of future
performance a universty. However, the
performance of students in applied mathemetics
was not significantly different between students
from government and private high schools with
value.

As it was expected, students’ class attendance
influenced  their achievement in  this study
because regularity shows the effort and
seriousness  of student about his or her
education.

Table3: Results of logistic regression model on performance of applied mathemetics (n=886)

Variables Regression SE P-value | Relative
coefficients odds:
B) Exp(B)

Sex(reference = Male)

Female -1.273 | 0.54 | 0.018* | 0.280

Parent education( reference = Diploma and above)

[lliterate -3.48 0.832 | 0.000*** | 0.031

Primary -2.394 0.624 | 0.000*** | 0.091

Secondary -2.011 0.591 | 0.001** 0.134

Parent occupation( reference = Employed)

Unemployed -1.992 | 0.468 | 0.000*** | 0.136

Parent monthly income(reference = 6000-10,000)

0-1000 -3.150 0.746 | 0.000*** | 0.043

1001-2500 -2.909 0.748 | 0.000*** | 0.055

2501-5999 0.736 0.714 | 0.303 0.479

10,000 -1.329 0.653 | 0.042* 1.265

Type of high school completed (reference = Private)

Government -0.196 | 0.745 | 0.792 | 0.822

High school math background(reference = High)

Moderate -2.062 | 0.592 | 0.000*** | 0.127
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Fair/poor -3.355 | 0.570 | 0.000*** | 0.035
Pre-university information(reference = Y es)

No -4.745 | 0.595 | 0.000*** | 0.009
Class size(reference = 31-60)

<30 -0.909 0.685 | 0.000*** | 1404
>60 -4.013 0.586 | 0.000*** | 0.018
Class attendance/non-absenteeism(reference = High)

Moderate 0.281 0.479 | 0.557 0.325
Fair/poor - 1.707 0.618 | 0.006* 0.181
Class schedule time(reference = Always/mostly

morning)

Sometimes morning -0.656 0.567 | 0.247 0.519
Always/most of the time afternoon -2.460 0.540 | 0.000*** | 0.085
L ecturer-student interaction(reference =High)

Moderate -1.110 0549 | 0.043* 0.330
Fair/poor -2.663 0.717 | 0.000*** | 0.070
Co-operative learning(reference = Y es)

No -1.292 | 0.463 | 0.005* 0.275
Extra-curricular activities(reference = Y es)

No 0.658 0.498 | 0.187 1.930
Type of university (reference = Other universities)

Science and technology universities -0.325 0524 | 0.534 0.722

Table 3: Resuits of logistic regresson model on performance of applied mathematics

-2L oglikelihood

1144.654

M odel x 2

979.688

Note: Statistically significant at: * P < 0.05; **P < 0.01; ***P < 0.001

In the analysis of this study as presented in
table 3, it was found that students’ performance
was associated with class size during applied
mathemetics lesson. Thet is, the resuits in this
study showed that students performed better in
applied mathemetics in smaller class size.  This
is the case because in a large class size students
lack concentration and the teacher also fail to
manage the whole class. As a resut, some
students prefer to st at the back and may be

connected to some socia media like face-book
through their phone cells. Some students may
also discuss about issues that are not related to
the subject being taught in the class. Students
must be given a fair chance to demonstrate their
capacities in learning.

Time of class schedue had shown an effect on
students’ performance i applied mathematics
according to the results in table 3. Thus, the
performance of students in applied mathemetics
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was better when class schedule arranged most
of the time morning. This resut may be
judtified as, students might be absent most of
the time from class or might get depressed and
felt deep when the class schedued in the
afternoon.  Learning  mathematics  requires
drilling, diggng and following its steps
atentively. So, mathematics class should be
shifted from hot afternoons to morning to
reduce tenson and anxiety among the studerts.

According to this sudy, lecturer-student
supportive  interaction  andperformance  in
applied mathematics was strongly associated as
presented in table. This might be because most
methemetics  instructors  encourage and  give
attentions to few students who are brilliant.
Some of them are inaccessible to students that
they are teaching and only few are happy to
support, encourage and ready to mentor
students with low capacity in mathematics and
hence such students afraid to knock at their
mstructors’ doors to seek for clearance of
teachings dore in the class as well as during
study time which they could not understand. It
is high time that mathematical sciences
lecturers  shift from theory to practica
application of those theories. As its name
“applied mathematics” indicates instead of just

4. CONCLUSION

According to the resuits of this study, there was
no dSgnificant difference in  performance of
applied mathematics between science and
technology universities and other universities.
Besides, there was strong association between
the dependent variable performance in applied
mathemetics and a number of predictor
variables such as sex, parent educationa level,
parent occupation, parent monthly income, pre-

teaching the theoretical aspect of mathemetical
sciences, showing its applicability in real life
and eveyday life dtuation may enhance
interest and better performance of students. In
support of the recent drive of the Ethiopian
government for technology transformation and
sustainable development, the generic skills in
mathematic can be explored. Time has come;
lecturers  in  mathematical  sciences  should
enhance  their teaching with  practical
applicability of the proofs and computations to
real life gtuation and help students in
developing interest by answering the question
“computation for what?”

The resuts in table 3 indicated thet
participating in co-operative learning and thus,
studying together assisted students in  their
performance of applied mathemeatics. This
might be the case because students organized in
cooperative learning  (five-inrone) got the
intended support from those outstanding
students in the group through doing work sheets
and solving different problems together. But the
performance of students in applied mathemetics

was not significantly influenced by
participating in  different extracurricular
activities.

university informeation, high school
mathemetics  background, class size, class
schedule  time, class attendance/absenteeism,
participation in co-operative learning and
lecturer-student  supportive  relationship.  But
performance had no Sgnificant relationship
with type of high school completed,
participating in extracurricular  activities and

type of university.
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Abstract

A considerablenunmber of TVET trainees arecharacterized by inconmpetence, as revealed by COC assessment
which resultedin failure to beself enployed and enployed in different public and private sectors. Using this
situation asa rationale, this study aimed to assess thereasons behind incompetence of trainees of conpetency
based programin TVET institutions of Oromia Regional State. Percentages, mean values, standard deviation,
Mann-Whitney U test and binarylogidic regression were enployed to analyzethe data. The study revealed the
ineffectiveness of TVET program with 74.6% inconmpetence and 25.4% conpetence of trainees in COC
assessment. The study found out that weak preparation of teaching learning materials, poor inplementation of
principles of competency based training, poor TVET teacherstrainingand poor TVET institutions and industry
linkage. The study also investigated thefactor s that have strong predicting power of competence of traineesin
COC assessiment. Integrating knowledge, skill and attitude during training, making competenciesto beachieved
public in advance, actual dermonstration of competencies during training, engaging trainees in applying skills
similar to thereal world of work, using progressrecord chart duringtraining and providing practical skillsto
trainees by industries during cooperative training were found to be the major predictors of competence of
trainees in COC assessment

Key Terms: TVET, COC, Competency-based Curriculum, Industry TVET Linkage, Binary logistic regression

-100-



Lemma Dadi

11.

TVET plays a crucia role in human resource
development of the country by creating skilled
human resource, enhancing industrial
productivity and improving qudity of life.
Strengthening the importance TVET Sharma
(2008), indicated education is consdered as a
key to development whereas TVET is a master
key because it has the ability to open al doors
of the lifelong learning, reduce unemployment
and improve the quality of living. These roles
can be realized when competency based TVET
program is applied.

To implement competency based curriculum,
curriclum reform has been undertaken in the
TVET system of the country. In the reformed
new competency based Ethiopian TVET
system, the role and the character of curricula

1.2. Statement of the Problem

According to sudies mede in  Indonesia
(Suertini, et a. 2010) and Ghana, (Dasmani,
2011) most graduates from competency based
TVET schools lacked adaptability toward the
change or development of technology and faced
difficuty to cope with it. As a result, the
industries were hesitant with competence of the
graduates. Competency based TVET program
was not effectively implemented in  those
countries to fulfill the needs of industry.

The studies so far made have focused on the
competence of graduates, and the number
employed graduates. However, they have not
assessed the reasons behind  incompetence  of
trainees in COC assessment. Thus, from this
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Background of the Study

dgnificantly differ from the role and character
of the curricua in the past. While in the past the
responsibility for curricula and  curriculum
development was on the federal Ministry of
Education (MOE), it is now transferred to the
regions and individual training providers. In the
new competency based TVET system, the
Ethiopian Occupational Standard (EOS) serves
the function of the national Ethiopian standard
which defines the occupational requirements
and expected outcomes related to the specific
occupation. Regarding curricula and curricuum
development, the EOS is the basic and relevant
reference (MOE, 2007). Therefore, since
competency based TVET curriculum design
and implementation is a complex, challenging
and demanding task, it becomes necessary to
investigate how it is designed and implemented
and its overall effectiveness.

point of view, it becomes very crucial to assess
the reasons behind incompetence of graduates
of competency based TVET program in TVET
indtitutions of Oromia regional sate  with
particular emphass on TVET curricium. To
assess these problems the following basic
guestions were Set.

1. What is the current competence status of
TVET trainees as assessed by Oroma
Center of Competence?

2. How do TVET inditutions design
competencies based teaching learning
meterials?

3. How do TVET indtitutions implement
the basic principles of competency
based curriculum?
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4. To what extent does teachers’ training
support  teachers’ i implementing
competency-based TVET curriculunm?

5. To what extent are TVET indtitutions
attached to industries and other sectors?

2. RESEARCH METHODOLOGY

2.1.Research Design

Research designs are plans and procedures used
for research  spandecisons from  broad
assumptions to detailed methods of data
collection and analysis. There are three types of
research designs, namely qualitative,
quartitative and mixed methods. From these
research designs mixed research method was
employed in this study. There are different
types of mixed research methods or strategies.
From these different drategies, this study
employed the concurent nested (embedded)
mixed research method or srategy. More
emphasis was given for quantitative approach,
and the quditative method was embedded in it.
This drategy will be enployed when a
researcher chooses to utilize different methods
to study different groups or levels (Creswell,
2009). In this study, different target groups
(trainees, trainers, deans, coordinating teans)
were involved and studied quantitatively and
qualitatively and, hence, this will be the reason
for selecting this strategy or method.

Instruments of Data Gathering

The primary instruments for collecting data was
self  developed questionnaires and  interview
questions that help to gather evidence based
guartitative and qualitative data on the views,
opinions and perceptions of the informants
regarding TVET curriculum material
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6. What are the mgjor determnants of

competence of tranees in  COC
assessment?
preparaton and  implementation, teachers’

traning, TVET industry linkage and, in general
the effectiveness of competency based TVET
program in Oromia Regional State. Content
anaysis of competency based teaching learning
material was done using Technical Education
Curricllum  Assessmert  rubric,  (TECA).
Validity and reliability were established usng a
panel of academicians and apilot test.

Ethical Consideration

Ethical approval was obtained from Oroma
Center of Competency. The research permit and
approval was obtained from the Department of
Curricdum Studies and Teachers Professiond
Development  Studies of Addis Ababa
University. | nstitutional consent was
communicated to the deans of TVET
indtitutions  before  conducting the  study.
Informed consent was obtained from the
participants before they filled in the
guestionnaires.  Specifically, the participants
were informed about the objectives of the study
and were informed that their participation was
puely volutary and they were free to
withdraw at any time in the course of the study.
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3. DATA ANALYSISAND INTERPRETATIONS

The data presentaion and analysis part is prepared, how basic principles of competency
divided in six mejor parts that includes the ba%d C_U”'CU|Um IS wrplc_ar_nented, TVET
current status of conpetence of trainees, how industry linkage, teachers fraining and analysis

competency based  curicdum  meteria  is of main predictors of competence of trainees in
COC assessmert.

COC assessment result. The COC result

3.1 Competence of Trainees in COC
obtained from OCOC is depicted in Table 1

Assessment
below.
Trainees’ COC assessment result is highly
important for this study because the
competence of trainees is determined based on
Table 1: COC Result N=299
Resuits Frequency Percent
Not competent 223 74.6
Competent 76 254
Total 299 100.0

are not successful will not have the opportunity
to be employed. Thus, the effectiveness of
competency based TVET  program is
determined by trainees COC result. As a result

As shown in the table above, three-fourth of
the respondents were not competent in COC
assessment, whereas only one-fouth were
labelled competent. Trainees are employed

based on ther COC assessment resut. Those
who succeed in COC assessment will have the
opportunity to be employed, whereas those who

the data obtained in the present study reveaed
the ineffectiveness of competency based TVET
program.

3.1. Assessment of Competency-based TVET Teaching Learning M aterials

To assess the quality of the designed competency based TVET curriculum teaching learning materials,
Technical Education Curricuum Assessment rubric was used. Accordingly, competency based TVET
curricuum meterial assessment criteria was designed to guide the judgment of the quality of curricuum

meterials. (See Table 2).
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Table.2. Assessment of Competency based TVET curriculum Material

Criteria

o
< s ®]

L earning outcomes (competencies) 1 3.37 1 1.87 2.13

Instructional strategies 1 3.2 1 2.86 1.6

Problem solving 1 3.33 1 1.33 1

Assessment 1 3.2 1 2 18

Personal Qualities

Grand mean 1 3.33 1 191 1.79

As can be seen from the table above, no
curriculum material was rated as ‘excellent’ in
meeting the criteria set.  Only  Electrica
Electronics teaching learning meaterial was rated
as ‘good’ in meeting the criteria set for the
assessment, with grand mean value of 3.33. The

remaining teaching learning materials  of
Automotive, M anufacturing, ICT ad
Condtruction  Departments were rated as

‘weak’ in meeting the criteria set, with grand
mean value of 1, 1, 1.79, and 1.91 respectively.

Thus, the reviewed teaching learning meterias
were not designed according to the principles of

competency based TVET curricuum except the
Electric Electronics material. According to
Gonciz  (1990), conmpetency based TVET
curriculum meaterial design should pass through
different development processes such  as
DACUM and Functional Anaysis. Experts
from industry should be involved in content
determination processes. Participants who have
profound knowledge of the occupation should
be selected from various levels of relevant
occupation and it is important theat different
interested educators, practitioners, and unions
should be involved in the preparation of
curriculum meterial.

3.3 Implementation of Competency- based Curriculum

Mean and standard deviations were used for the
analysis of opinion of trainers’ and trainees

regarding implementation of competency-base
curricuum.  Standard deviation is a measure of
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spread or dispersion in a set of score. When the
standard deviation is greater than the mean, it is
believed that the mean would be inappropriate
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as a representative measure of central tendency

(Kean University, 2013).

I mplementation of competency based TVET curriculum. N = 439

Table: 3
ltems Mean Std.
dev
Identification of competencies 2.92 122
Teaching learning ( presentation) 2.86 1.44
Learning Materials 221 1.17
Entrepreneurship instruction in the classroom 2.76 1.80
Assessment 2.98 120
Record keeping 317 1.23
Grand mean 2.80

The grand mean for the implementation of
competency based curricuum in the classroom
iIs 2.80. This indicates that, competency based
curricllum is not well implemented according
to the principles of implementation of
competency based TVET curriculum
Unfortunately, this can have an adverse effect
on the competence of trainees. Competencies
to be achieved by the trainees need to be

publicized in advancefor effective
implementation of competency-based
curicum.  This idea is  consstentwith
NCTVET (2006), which has indicated that, in
competency-based instruction,trainees are
informed about the criteria and attitudes that are
important to  the  occupation.Furthermore,

competencies to be achieved need to be
specific, precise and stated inwritten form.
Again, this idea corresponds with the work of
Brown (1994), whichindicates that, one of the
characteristics of competency based instruction
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IS that whateverstudents learn is based on
specific, precisely stated outcomes that have
been recentlyidentified as being essentia for
successfu employment in occupation for which
the trainee is being trained. These competencies
are made available to al concerned exactlywith
what the students will be able to do upon
completion of their training. According tothe
responses obtained from the participants, in
spite of therr importance, the abovementioned
items  for  effective  implementation  of
competency-based  curriclum  were  notfully
utilized during the implementation of the
program, a Stuation which can adverselyaffect
the competence of the trainees.
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331 Comparison of Responses on
I mplementation of Competency-based
Curriculum

Mamn-Whitney U Test was employed to see
whether there are datistically  significant
differences in opinion between trainees and
trainers of TVET indtitutions regarding the
implementation of competency based TVET

curricdum. Manmn-Whitney U test was used to
test the differences of responses between two
independent groups on a continuous measure.
This test is the non-parametric alternative to the
t-test for the independent samples. The main
values that are needed to look at in the Mann-
Whitney U test are the Z value and the
dgnificance level (Palant, 2007).

Table 4. Comparison of participants response on implementation (N= 439)

N Mann- Asymp. Sig. (2-

Status of Whitney Test tailed

responders Z

Trainees 299 1.878E4 -1.741 082

Trainers 140

Total 439
As can be seen from Table 8, the z value of the sgrficant.  This implies  thet  there is 1o
tet indicates — 1.74 with a p= .08. The significant  difference in the responses between

trainers and trainees regarding  the

probability value (p) is not less than or equal to
.05, consequertly, the result is not Hatistically

implementation of competency based TVET
curriculum

3.4 Support of Teachers’ Training in Implementing Competency- based Curriculum

To assess the support of teachers’ traming in
redizng the implementation of competency
based TVET curricuum, questionnaires with
three categories each with different sub items
were prepared and presented to the trainers.
These categories are ‘pre-service teachers

training’, ‘in-service training’ and ‘continuous
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professional development’ (CPD). As indicated
in Table 5, the values of standard deviation for
al items is less than the mean vaues of all
items and, hence’ there would be no problem of
usng mean for the analyss of the role of
teachers training in implementing competency-
based TVET curriculum.
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Table 5. Response of trainers on the roles of teachers training

N =140
Items mean S.dev
Pre-servicetraning 2.50 1.04
In-servicetraining 2.73 1.06
Continuouspr ofessonal Development 2.61 1.04
Grandmean 2.64
The mean value for the pre-service training is category  regarding teachers’ traning in

2.5, which is less than the average. This implies
that pre-service TVET teachers’ training is not
based on competency based approach. are
properly trained in pre-service training that is
supported by in-service training.

Similarly in-service training was not properly
practiced in TVET indtitutions. The mean value
for this item is 2.73 which is less than the mean.
However, without updating their knowledge,
skills and competencies acquired during pre-
service training, TVET trainers will run the risk
of rapidly becoming obsolete in ther training
capacity. This implies that in-service training
for trainers is a very practical solution for
increasing their professional level. The last

supporting the implementation of competency
based TVET curricilum was concerned with
continuous  professona  development  (CPD).
This item was rated below the mean, (2.61).
However, international experiences as indicated
in NICHE (2010), as in general education, CPD
also encompasses in-service training, but may
go beyond in-service training, and it congtitutes
fundamental and increasingly important link in
TVET trainers learning sequence. Because CPD
IS very important, international standards on
further and in-service education stress that it is
a professiona obligation for instructors to
involve in CPD for quality teaching and to
integrate the latest educational research for the
success of educational programs.

3.5 Attachment of TVET Institutions to Industries and Other Business Sectors

Table 6 below reveals the responses of the
participants about TVET ingtitution attachment
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to industries and other small enterprises on
practical skill development in the real world of

work.
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Table. 6: TVET- Industry linkage

Items Mean Standard
deviation
Thereis acollaboration between industries and other business sectors and TVET 282 120
institutions to determine training needs
Thelink between industries and TVET institution is based onwillingness of industry 294 110

owners

TVET institutions make survey of employers to gather labour market information with 2.82 1137
collaboration of industries

There is asupportivegovernment policy that facilitates and encourages collaboration 2.96 116
between TVET institutions and industries

Industriesand TVET institutionsjointly draft competency based curricula and coursesof  2.69 110
study

Industriesinvolve in determining occupational standards 2.87 111
Industriesinvolve in evaluating the result of the training 2.69 1.06
Thereis astrategic partnership between industriesand TVET institutions 279 110

TVET institutions make linkage with handcraft villages and in household businessto 277 119
conduct onthe job training

TVET teachersare allowed to know what goesonin industriesand beable to supportin 258 117
guiding trainees

Industries support teachers to updatetheir knowledge and skill alongside new 249 119
technologiesin industries

Industries play great role in updating and enhancing theskills of trainees. 258 124

TVET institutions play role in updating and enhancing knowledge and skills of workers 277 123

cooperative training helped students to acquire further knowledge and skill that help 285 130
them for their future job

TVET institutions conduct tracer study and interact closely with industriesthey serve 257 118
Trainees are given opportunity in the industriesto practice on the same devices operated 246 118
at the work

The curricula and teaching methods are upgraded with TVET institutionsand industries  2.67 179
jointly to adapt to rapid changesin production technology

Industriesinvolve in planning and administration of competency based TVET program 270 117

Industries positively invite traineesto their factories to practice on the devices being 247 117
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used

There is acooperation and understanding between TVET institutions and industries

Industries support trainees to practice and handle new technology during cooperative

training

Industriesand TVET institutionsjointly updatecurriculum to keep it up with

technological change

Industries support TVET institutions by providing essential equipments, instructional

technology and learning materials

Grand mean

254 116
2.52 122
251 121
246 127
267

As indicated in the table, al items about TVET
industry attachment were rated below the mean,
with an aggregate mean of 2.67. Especially,
some  important  items  were  negatively
responded. According to the responses of the
participants, TVET instructors were not
allowed to know what is going on in industries
to support them in gquiding ther training.
According to Kambyat and Shmal (2010),
however, the complexities at a work placewhich
are brought about by the rapid technological
changes lead to a paradigm shift ineducation
and training and the growing demand for sKills
traning cal for harmonizedefforts to reverse
the acute sKill shortage. Trainers should work in
close collaborationwith industries to explore the
endless possibilities and derive new focus to

addresssocioeconomic  and  technology-driven
challenges. This implies that  industries
shouldsupport  trainers to acquire the new
technologes that exit in  industriesAs

indicated earlier, industries do not appear to
support teachers to update their knowledge and
skill alongsde the new technologies in
industries (as revedled on the tablewith mean
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value of 2.49). However, according to Kambyat
and Shmal (2010), one of thechalenges in the
present time is the rapid pace of technology
which mekes skills obsoleteat a greater pace
before everyone else could learn from them
The excessive pace oftechnological changes has
emphasized the need to integrate technological
knowledge andskills in education and training
to expand lifelong capabilities of knowledge
basedworker. According to Maumdar (2011),
the characteristics of the work place as
thesupreme  learning  environment  must  be
coordinated properly to ensure that there is
aclose correlation between the types of training
that the workforce is being prepared vis-avisthe
work ervironment, tasks and work systens.
Thus, since a weak linkage with localindustries
for hands on experience for trainers can lead to
an ineffective and inefficienttraining  of
trainees, industries need to work in
collaboration with TVET indtitutions toupgrade
trainees’ knowledge and skill, which were
overlooked, according to the responseof the
respondents.
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3.6 Determinants of Competence of Trainees

Binary logdic regesson was used to Logistic regression is used in a situation where
determine the factors that have strong impact on the dependent variable is not continuous, but
competence of trainees in COC  assessmert. when it is rether categorical or dichotomous.

3.6.1 Implementation of Competency-based TVET Curriculum asa Determinant of
Trainees’ Competence in COC Assessment

Binary logistic regression was conducted to meking competencies public in advance (odd
determine  which independent variables under ratio 1.58, 95% C.I 1.551- 2.190, p = .005),
implementation of competency based TVET assessment  based on actual demondtration of
curicuum are mgjor predictors of competence competency ( odd ratio .66, 95% C.1 .446- .982,
of trainees in COC assessment. p =.04), engaging trainees in applying skil
smilar to the real world of work (odd ratiol.48,
Accordingly, the mejor factors influencing 95% C.I 1.004- 2186, p =.048), meking
whether trainees are competent or not yet competencies to be achieved specific and
competent in COC assessment are integration precise (odd ratio 1.41, 95% C.1 1.042- 1.924,
of knowledge, skill and attitude during training p = .026 ), ad usng record chart during
(odd ratio .55, 95% C.| .378-. 810, p = .002), training (odd ratio .72, 95% C.I .519- .995, p =
.040) .

3.6.2 TVET- Industry Linkage asa Determinant of Competence of Trainees in COC

Assessment
Enter binary logistic regresson was computed of odds for this variable indicates that, when
to determine which variable under the category industries play role i updating and enhancing
of TVET industry linkage hes a determining the skill of trainees during cooperative training,
factor on competence of trainees, (competert the odds of being competent of trainees in COC
and not yet competent) assessment increase by a factor of 1.53 than
those who were not supported by industries in
only one variable, that is, ‘industries play role updating and  enhancing  skills  during
in updating and enhancing the skills of trainees cooperative training. Therefore, to improve the
during cooperative training’ has a strong competence of trainees in COC assessmert,
determining effect on competence of trainees in industries should play an active role in updating
COC assessment with odd ratio of 1.53, 95% and enhancing the skills of trainees during
C.l 1.031- 2.262, and P value of .035. The value cooperative training.
4 Conclusion
Competency based TVET curriculum was used motivated and adaptable workforce capable of
as a tool to achieve the competences needed by deriving economic growth and development in
the labour market and create competert, the country.  However, the present study
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concluded the ineffectiveness of competency
based TVET curicudum in TVET ingtitutions
under investigation. According to the findings
of the study, among the factors that have
influenced the effectiveness of competency
based TVET curricuum, is the failure to design
competency based TVET curricullum meterials
according to the principles of desgning
competency based curriculum

TVET indtitutions and industry linkage is
among the important factors that influence the
5 Future Research Direction

Much of the study has focused on teaching-
learning  process, emphaszng on how
competency based TVET curricullum materials
were designed, principles used during training,
trainers’ and  trainees’  perceptions  of
competency based TVET curriculum, teachers’
training, and TVET-industry linkage.
Furthermore, the delivery of qudity of
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Abstract

[llicit drug use and related crime have imposed significant costs on various source and transshipment
countriesfor a number of years Avariety of control strategies exist including prevention, treatment, and
variousforms of law enforcement, so a fundamental question of drug policy is how limited resources
should be allocated between different drug control programs, such as source country control,
interdiction, or different forms of domestic control such as prevention, treatment or domestic
enforcement. It isimportant to stressthat theillicit drugin any country or region is a dynamic one and
influenced by devd opmentsin youth culture. Therefore, the situation requires regular monitoring and
timely response to prevent rapid escalationin useand reduce the level of harms associated with abuse.
Sincedruguse and related problens substantially change over ting, it seems that drug interventions
should vary too. Static interventionsapplied to a dynamic process may be not productive. Therefore, an
optimal control with two control variables prevention and Treatment subj ected to a systemof nonlinear
ordinarydifferential equationsover a period of timeismodeled. Parameter values were taken fromworld
standards studied for drugs. Next, the problemwas solved numerically using matlab software. The study
shows that prevention is the most appropriate control policy when there are relatively few heavy users,
i.e. in the beginning of an epidemic. Treatment, however, is most sufficient to support the decline of drug
abuse optimally. In addition, these modd s areableto generatea number of interesting insights, such as
costs of interventions as well as social cost associated with the quantity consumed increase with the
delaysin the starting year of control measures and the effectsandresults of controlstakesabout fifteen
years to be seen.

Keywords: Control, Drug, Hamiltonian, Heavy user, Light user, Optimality, Prevention, Treatment, L-H model
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1. INTRODUCTION AND LITERATURE SURVEY.

A fundamental question of drug policy is
how limited resources should be allocated
between different drug control prograns,
such as source country control, interdiction,

or different forms of domestic control
(prevention, treatment or domestic
enforcement). Hence there is  ongoing

interest in understanding how much we can
save (in terms of lives, grams of
consumption, or cost to the society) per
dollar invested in each of these control
programs [1]. Prevention COIMeS in
different  forms, rangng from school
programmers, to community  based
interventions, and mess media and social
marketing approaches. Prevention
programmers tend to target adolescents by
highlighting the dangers of drugs, provison
of accurate informetion, improving self-
esteem, and teaching skills to resst peer
pressure. Other approaches include broadly
based non-drug focused drategies which
target the overal development of the child
and which seem to have impact on anti-
social behavior, drug use, overal hedth and
educational performance. In recent years

there has been increasng interest in
prevention approaches that target
intervertions a the developmental and

trangtion stages with attention focused on
the risk factors that can have an impact at
each of these stages [8]. The gap between
drug dependence and the availability of
treatment  services is  dgnificant  and
gowing wider as the rate of drug use
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disorders increases in different courtries. In
a recat goba suvey of treatment
resources, the data shows a general lack of
resources (facilities, personnel, etc.) for
treating people with dependence across the
world but much more so in  African
countries and especialy in east Africa [6, 8].

In particuar, most people who start using
drugs do so through contact with a friend or
sbling who is dready using. Indeed, the
metaphor of a drug “epidemic” is commonly
used precisely because of this tendency for
current users to ‘“recruit” new users. If that
were the only mechanism by which current
use affected intiation one might expect
initiation  to increase  monotonically, Musto
(1987) has argued that, in addition,
knowledge of the possble adverse affects of
drug use acts as a deterrent or brake on
intiation [2, 4]. He has hypothesized that
drug epidemics evertualy burn out when a
new generation of potential users’ becomes
aware of the dangers of drug abuse and, as a
result, dos not start to use drugs. Whereas
many light users work, uphold family
responsibilities, and generally do not
manifest obvious adverse effects of drug
use, a dgnificant fraction of heavy users are
visble reminders of the dangers of using
addictive substances. Hence, ore might
expect large numbers of heavy users to
suppress rates of initiation into drug use. It
seems plausble that any reasonable model
of an endogenous initiation might have the
following properties. The rate a which
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current light wusers ‘“recruit” initiates is
moderated by the “reputation” or image the
drug has, and the reputation is governed by
the relative number of heavy and light users,
not the absolute number of heavy users.

Although most new users are ‘recruited”,
for others the impetus to use is internal. In
the of diffuson models, these individuals
are “innovators” who initiate on their own
for the sake of curiosity.

2. MODEL OF CONTROLLED DRUG DEMAND

The mathematical model of a system usually
leads to a system of equations describing the
nature of the interaction of the system
These equations are commonly known as
governing laws or model equations of the
system. The model equations can be time
independent or steady-state model equations
but time dependent models are dynamic
model equations [9]. The LH modd is
essentially a continuous time analogue of
Everingham and Rydell’'s (1994) model In
this model, the population is divided into
three groups. nonusers, ligt users and
heavy users [1]. The number of non-users is
assumed to be large enough compared to the
number of users to behave like a constant
and does not need to be model explicitly [4].
The flow rates from one state to another are
assumed to be proportiona to the source
sates and ae computed as the time-
cortinuous equivalents of the Everingham-
Rydell model. The assumptions to develop
the model according [1] are redtricting the
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drug control budget. These assumptions can

be described as follows:

i. the budget is constraned to be
proportional to the size of the drug
problem, and the proportions of that
budget going towards treatment and
prevention, respectively, are chosen
once and fixed for all time;

ii. the budget is chosen as in case (i), but its

alocation  between  treatment  and

prevention can be varied over time;

the budget is unconstrained in that both

treatment and prevention spending can

be chosen to be any nonnegative
number at al times. Theoretically, this
case is the most reasonable one, because

a some stages of the epidemc, high

expenditures may be useful, while at

other stages spending less money may be
preferable. 1t should also be noted that
this model is more appropriate than one
with a constrained budget if treatment
and prevention resources are not
alocated from a snge  pot.
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Negative feedback of drug

Rate of escalation Heavy Users Rate of quitting
— Light Users
Initiation l
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Figure 1: Flow diagram for the LH model

Figure 2: Dynamic model of drug uses

System in Figure 2 is expressed meathemetically as system of ordinary differential equations as
follows.

L = I(L,H) +nH — (a + b)L, L(0) = L,

H= bL-(n+ g)H— B(H,wWH, H(0) = H,
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where: a = average rate at  which  quitting
from light user,

b = average rate at which light user
escalate to heavy user,

g = average rate at which heavy user quit,

n = average rate at which heavy user
escalate to light user

I(LH) = T + sLe(==

= initiationtolightuser

2.2)

where:
L =number of light users,
H = number of heavy users

s =average rate at which light users attract
NONUSESS,

q = constant measuring the deterrent effect
of heavy drug abuse,

T =number of innovators

1. Spending on prevention (denoted by w)
such as school-based prevertion progrants,
after school programs, Red Ribbon weeks,
etc.,, is assumed to reduce intiation into
drug use, as defined by, down to some
fraction y of its baseline level,

If policy targets first the groups at highest
risk of intiating drug use, one would
expect the first dollars invested in
prevention to produce bigger effects than
later dollars. That is one would expect v to

be a smooth convex function of prevention
spending  w(t) that captures such
dimnishing returns which  exponential
decay and approaching an asymptotic
value h

Yy(w) = h +(1 —h)e™™, (2.2
where:
h =the mnmum percentage to which

intiation can be cut down by prevertion.
1 — h = maximumpercentagebywhich

incidencecanbecutback

m isaconstantmeasuringthe

ef ficiencyofpreventionspending

2. Treatment(denoted by u) is modeled as
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increasing the outflow from drug use, in
this case the outflow from heavy use, H, at
a per consumption rate that is a concave
function of treatment spending u(t) per

(heavy) user. In particular,

B(H,uw) = c(——)*

(H+ ¢)

(2.3)

c = Is a constant measuring the efficiency of
treatment

d =is a congtant measuring the extent to
which expansions in treatment spending
retain that efficiency as opposed to suffering
from diminishing returns
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The constant € =10— 5 is a mathematical
convenience that avoids the possbility of
dividing by zero and has no effect on the
results at all.

In particuar, a constant social cost per gram
consumed (estimated to be « dollars per
gram) is mutiplied by the tota quantity
consumed, denoted by Q, which is computed
as the weighted sum of the number of light

V(u@),w)) = fgoe‘”(KQ + u + w)dt,

where: u(t)and w(t) denote the expenditures
on treatment and prevention programs at
tme t, and Q denotes tota annual
consumption in  grams.  ldedly the
government  would be free to choose
whatever corntrols u(-)and w(:) mnimize

and heavy users, with weights equal to the
average annual consumption rates of light
(k,) and heavy users (k).

kQ =k,L + kyH  (2.4)

So the decison-meker can be modeled as
seeking to minmize the entire discounted
stream of costs associated with llicit drug
use.

(2.5)

resut  society  alocates  drug-cortrol
resources in proportion to the current
megnitude of the drug problem

u+ w = yQ. (2.6)

The optimzation problem becomes a

(25), but public budgeting is sometimes i | "
reactive, responding to the problem As a roniinear contro probiem
Maximize {— (x + ) [ e " Qdt} 2.7)
Subjected to:
L = yWI(L,H) +nH— (a + b)L, L(0) = L, (2.8)
H = bL-(n+ g)H —B(H, wH, H(0) = H, (2.9)
u= 0, (2.10)
w=yQ—-u= 0, (2.11)

3. DERIVING THE CANONICAL SYSTEM

we analyze the form of the canonical system
for control values lying in the interior and at
the boundary of the control set separately.

Since we have to consder mixed path
constraints as defined by (2.10) and (2.11),
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3.1 CONTROL VALUES IN THE INTERIOR

The andlysis proceeds, where £ denotes the state variables with respect to L and H, all in
Hamiltonian and A; and ), denote the co current-value
H = Ay (k + ¥)(=k,L—kyH)+ A1 L+ A2 H. (3.2)
We redtrict our analysis to the normal case,
whered, = 1,
d(k + y)(k, L + kyH) (i + y)(e L + kyH)

- 3L < 0,and — o <0 (32
The economic interpretation of the co-states negatives  thet  shows - aditiondl - user i
as imputed values or shadow prices of an always ‘“bad”. The Hamiltonian maximizing

additional light and heavy user, A1 and A, are condition for optimal interior control values,

u* = u" (L, HA,,4,),isgven by
H,= DY, —A,HB, =0, (3.4

=1, = Al(“/’—” together with the Legendre Clebsch condition (the Hamiltonian is concave

Hfu
with respect to control u).

}(uu = Alhpuu _AzHﬁuu < 0. (35)
Satisfies the strict inequality for al u, and t_he changes in the values (?f an additional
thus a unique interior optimal control value light and heavy user, respectively, where the
exists for (3.4). The evolution of the co- notation is simplified by

states A1 and A, which can be interpreted as

E(LLHu):=1Ly + IY, —(a + b), (3.6)
S(Hu)=n+g+(1+ dB> 0, 3.7)

I (LHW )= L + [P, < 0, (3.8)
L, =1, —H, =k, (k+y)+(@—5)1—bi, (3.99)
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Ay = 1A, —Hy=ky (k +vy) —HA, +(r + 2)A,

The optimal control value ux is only
implicitly determined by (3.4) and cannot be
replaced by a closed-form representation. To

Let A=

Solving the resuiting equation for u yields a
differential equation for the control variable,

A =kL(k+y)+ (T —E—-bA)A

U= —{F—"k+N-IT+0A+ 2+ EYA—AL—A,H }
u 1

The continuous differentiability of u(:) is
assured as long as the drict Legendre -

(3.9b)

avoid this inconvenience it has to transfer
the canonical system from the state- co-state
Space into the state-(co-state-) control space.

(3.10)

which allows us, together with 1, = A1, to
replace (3.9a) and (3.9b) by

(3.119)
(3.11b)

Clebsch condition is satisfied (H is concave
in control variable u) .

3.2. CONTROL VALUES AT THE BOUNDARY:

To determine the form of the canonical
system for solutions exhibiting a boundary

L=H+ pu+ pu,(y (kL + kyH) —u) ,

Thus we can use Pontryagn’s Maximum
Principle to derive the necessary conditions.
Obvioudly the control constraints cannot be
smuitaneoudly active as long asL > 0,H >
0 . We can therefore consider both cases
separately. The derivative of Lagrangian
py =—Hy pu, =Hy (323
The limiting transversality conditions for the
co-states, given by (3.21)

lim, e ™ A, (O)L(t) =0 and
lim,, e ™ A,(0)H(t) =0
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arc, we have to consder the Lagrangian of
the system,

(3.21)

with respect to control variable u or
optimality condition,

L,=0,

u

(3.22)

We find explicit representations of the
Lagrange multipliers as follows

Hence Control a the border of the
admissible regon foru* = 0,w* >0 is
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L =I(L,H) +nH — (a + b)L ——

H= bL-(g+n)H,

1,

1
A

ky(k + y) +(r —E(L,H,0))4, — b2,

A, =ky(k+y) —1(LHO)A + (@ + X (H0))A,,

And foru* = y(k,L + kyH),w* =0as

L = I(L,H)+nH—- (a + b)L ,

7 = bL- o
H = bL-(n+g)H +d12’

1,

k, (k + Y)+ (r— & (LHu )) A, — bA,,

A= ky (k+ 9) =1 (LHW) A+ + 2 (Hu ),

Remark Note that a trangtion into the
(L,H,A, ,u) -space is not necessary here,
because at the boundary arc u* is explicitly

be given

put = 0,and py(y(k L + kyH)—u )= 0,

and non-negetivity conditions pu,

>

(3.249)

(3.24b)

(3.24¢)

(3.240)

(3.254)

(3.25b)

(3.25¢)

(3.250)

(either u* = Oor
Additionally,

0, andu, > 0, have to be satisfied

u' =y(k,L + k,H)),

the dackness conditions

Table3.1 nominal parameter value used in the modd is taken from different literatures studied on

cocaine consumption [1, 2, 3, 5]

Table 3.1 lists of Nominal Parameter value used in calculations
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Parameter a b g T S q c €
Averagevalue | 0.163 | 0.024 0.062 50000 0.61 7.0 | 0.0005 | 0.6 | 0.00001
Parameter h 1-h m r n g k

Averagevalue| 0.84 | 0.16 2.37x10° | 0.04 004 |[531 | 113
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3.3EQUILIBRIUM CONSUM PTION

Ore can determine these equilibrium values by solving the nonlinear algebraic equations
obtained by setting the differential equations of the canonical system to zero.

Therefore, we proceed with numerically for the given parameter values given in (table 3.1).

j-[ll = 0,\7'[12 = 0,

rA—H, =0, (3.31)
rTA—Hy =0
The Equiliorium was found using Newton the system yields the following equilibrium
Raphson method numerically from dtate, co- in the postive section of the state control-
state and control state equations. In this case Space:
L, 347,474
H 124,354
E,=|.°]= ' 3.32
o7\ A 36863 | 332
u* 5,890,747

Note that the equilibrium shadow price of an additional heavy use, A2, and equilibrium treatment
spending w* , can be computed using (3.10) and (2.6), respectively

_ I(LOvHo)ll’u(V(kLLo + kyH,))

’ HoBu (W™ ,Ho) A4
= — 11,499 (3.339)
w* = y(k,Ly+ kyH,) —u",
= 102,937,557 (3.33h)

The specific question to answer is, how to differ.e.ntial gquatiors and two initial
solve the optimal control problem for the conditions, in  the Optlmall){ contrqlled
intial states (Lo, Ho), because “running the model we have four differential equations
optimal  control model’ differs  from plus information on the two initial states and
“running the uncontrolled model.” Whereas also_ the  terminal Cor‘ditip_ns’_ that  the
in the uncontrolled case we have two solution converges to the equilibrium [5].
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Figure 3 Time paths of light and heavy users for base
line parameters (uncontrolled model) it started to
decline dueto increase in heavy drug users after about
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Figure 6: State of the systems and control
state with time ( controlled model)
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Figure 8: control function started with small control
spendingover time with both variables
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Figure 9: control function started with optimal control
spendingovertime withbothvariables. It takes about 15
years to bring the dynamics to state of equilibrium.
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Figure 10: Projections ofthe controlled
trajectoriesintothe (L, H)-plane (controlled but
notoptimally controlled case)
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Figure 11: Projections ofthe controlled trajectories
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Figure 12: cyclic nature of drug epidemic in addition to the cyclic

nature the epidemic started to decline about fifteen years after we started

control measures.

RESULTS AND DISCUSSION

The effectiveness of drug prevention and
treatment vary over the course of a drug
epidemic, so their budget alocations should
be similar. Applying static interventions to a
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dynamic process may be not productive. In
particular, prevention does best when there
are relatively few heavy users a  the
beginning of an epidemic and treatment is
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relatively more efficient at supporting the to steady dtate. The benefits are much
decline of drug later in the epidemic. srdler if control begns later in the
epidemic, suggesting that early detection of
The trandtion between when al or most epidemics is valuable. High level of
spending should be allocated to prevention spending minimizes the total socia loss
than treatment and when it shoud be even though time discounting places a
dlocated to treatment is strikingly brief. greater emphasis on costs that accrue early
Indeed, if one recognizes the time lag in the plaming horizon. Later on, as the
between prevention spending and its effect, epidermic recedes toward its steady state, it is
with the present model it is essentially never optimal to spend very little on both controls.
optimal and robust to fund prevention
programs and treatment  Simultaneoudly. Historically, there have been cycles of drug
Control can reduce tota socia loss use, so the end of one epidemic may aso be
substartially if implemented early in an the begnning of another. Form this study
epidemic even though with or without one can understand that, it needs to apply
control the long-run equilibrium is similar; prevention for 15 vyeas  before
the differences show up during the transtion understanding the control effect.
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Abstract

Currently the Ethiopian region which is recognized as coffee forest is confined nostly to the southwest
(Welega, llubabor, Jimma,Kafa and Bench Maji) and southeast (Bale) administrative zones. In relation to
history of coffee production and marketing, south western Ethiopiaisveryimportant for two reasons. One Kaffa
region, which islocated in Southwest and South Ethiopia, is the genetic origin of one of the nost important
commercial coffee species Coffeaarabica. Second, theregionisone of themajor contributorsof superior quality
organic forest coffee to the global market. However, in Ethiopia there is a dilemma in the interest between
priority for conservation of genetic resour ce coffeearabica one the one hand; and to increase the quality and
guantity of forest coffee yield for susainable development. On thebasis of empirical evidences and secondary
sources, a dek reviewiscarried out to critically investigate the cause and solutions of the dilemmas between
conservation of forest organic coffee and increaseits quantity and quality for development focusing on South
West Ethiopia. A descriptivehistorical approachisusedfor discussion of the changesand continuities in forest
coffeeproduction and management system Differ ent theoriesand frameworks developed by different scholars
are appliedto for the analysisthe current debate between pro- conservation and pro development scholars. And
the study concluded that even though they have a significant contribution for protection and contribution of
organic coffee to the World market, forest coffee farmers are not getting a rewarding benefit.

Key words:forest coffee, coffee production, market chain, conservation and development
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1. Introduction

Next to ail coffee is the second most important
commodity in global market.Coffee is grown in
more than 70 countries. However, over 60 per
cent of the world’s coffee is produced by four
countries namely Brazl, Vietnam, Colombia
and Indonesa (Schufler, 2009:149-150)
According to FAO (2014:2) inthe years from
2007 to 2011, forinstance, the world’s largest
coffee producers and contributors to the global
market  were respectively Brazl (35%),
Vietnam (14%), and Colombia &Indonesa,
each contributing (7%) took the third rank.With
its 4.5% coffee contribution to the World
market, our country Ethiopia stands at the
fourth rank and is the first in Africa.

From over 120 species of World coffee, two
gpecies, coffee arabica and coffee robusta are
economically very essertia. From the literature
of coffee sector studies it is obvious that the
term coffee derived fronKaffa, the name of the
region where coffee or coffee arabica first
discovered (Mekuria T. &etal, 2004:2; selamta,
2016) Coffee Arabica, which covers 66% of the
world’s coffee produce, is the most widely
traded and consumed in the World.Our country
Ethiopia is not only its birth place but also she
Is one of its largest producers and contributors
to the global market. Ethiopia is the third most
important coffee  Arabica producer next to
Brazl and Colombia and stands at the first rank
in  Africa (Mekuria T. eta, 2004:2;
TadesseW/mariam, 2015:5)

In the vyears 2004 between 2009,from
Ethiopias four qudity export standard
commercia coffee with brand names of Jmma
, Sidamg,Yirgacheffe and Hararthat represent
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around 70% of total coffee exports registered
by the FEthiopian Revenue and Custons
Authority (FAO, 2014 :3), three of the
producing areas are located in south western
Ethiopia. It is from this same region that a high
quality organic coffee for export is produced in
a forest and semi-forest coffee production
system.Moreover, the three biosphere reserves,
Kafa BR, Yayu BR and Sheka BR, which were
nominated in 2010 and 2012, with a mandate of
balancing the goa of conserving the last
remaining wild coffee forests and safeguarding
the livelihoods of the local rural communities
located in southwest Ethiopia  (Friedrich
zurHeide, 2012:17-18).Therefore, south
western Ethiopia is the most important region in
contributing high quality organic coffee for
export and for preservation of coffee arabica
genetic pool. The south west Ethiopian coffee
sector is made to achieve twin goads of
augmenting quality and organic coffee and to
preserve the genetic pool of coffee arabica to
the World. However, the issue of increasing
quality and quartity of coffee production
without using modern input such as fertilizer
put the livelihoods of its producers and
exporters at dilemma. Using modern inputs to
increase the quality and quantity means losing
the organic /gene pool/ of coffee arabica;
through the traditional way of production
(without using modern inputs) forest coffee
farmers could not increase the qudity and
quartity of their produce.The purpose of this
paper is to examine and investigate causes of
the problenvydilemma. To that end the following
points are used as leading questions



Binayew Tamrat

1. How and why the term coffee arabica is
coined to Ethiopia's coffee?

2. How the concerned authorities of
Ethiopian coffee sector during different

regimes strive to enable the country to
secure proper benefit from it?

3. Is the issue of increasing quality and

guartity in coffee addressed without
affecting the interest of organic coffee
farmers?

2. Methods

This review paper has been done based on
intensive reading desk review. In doing so,
different theoretical and empirical evidences
relating to forest coffee production and its
genetic  pool conservation are  consulted.
Moreover, a historica approach is used to
examne the issue of how the Ethiopian coffee
expanded until it becomes an internationa
commodity. In addition, the works  that deal

3. Results& Discussion

The paper is organized in to three parts. The
first part deas with the early history of forest
coffee and discuses about how coffee was
distributed to other parts of the World from its
birth place. The second part of the paper makes
a brief historical survey about how forest coffee
grew as vauable global commodity up urtil the
early 20" century. The third section provides an
overview of south western forest coffee
Production &marketing along its marker chain.

with the experiences of different countries in
ecosyssem and sustainable natwral  coffee
management were examned. And as a
framework crafted by different scholars (such
as Méndez V. E ad Lovel, S T,
2007; Gatzweller, Franz W., 2005) are used for
the analyss of the existing dilemma between
the issue of conservation of forest coffee and
ataining better livelihoods through augmenting
the quality and quantity of production.

3.1 Origin and expansion of organic Coffee to other parts of the World from its birth place

3.1.A. Discovery of coffee and its Early History

The issue of how coffee first discovered is full
of uncertainties. There are various legends
about the discovery of coffee in south west
Ethiopia. One of the legends attribute the
discovery of wild coffee to the legend of
Khaldi(who lived in Ethiopia at about 850
AD)and his goat. (selamta, 2016; ICC, 2014)
The other legend, which is widely accepted by
the Oromo people, relatesorganic coffee’s
growth to a soil watered by Waga's tear. What
IS important and widely accepted fact is that

-129-

there is a long and widely practiced tradition
consuming coffee in various forms. The Oromo
people used coffee fruit which they called
“buna’ cautioudy for ritual purposes or as a
vigor pill for military expeditions. Even by the
15" the local Oromo people fried in butter and
ate it as coffeecake or bread. (Topik, 2013:2;
TadesseWoldemariam, 2015:6)

Now Ethiopia is widely accepted as a birth
place of coffee. (Daniels, 2009: 10: Topik,
2013:2) There is anmple evidence to prove that
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coffee arabica is originated in the south western
forest regon especidly in Kaffa Today it is
gereraly accepted that the center of origin of
coffee  arabica is  Southwestern  and
Southeastern  Ethiopia  (BirukGetenet, 2012:3-
5)0n the other hand, the name of coffee in
various languages or tongues like Kaffee (in
German), Koffie (in Dutch), café (in French,
Portuguese), caffe (in Italian), Koadég (in
Greek), Kodewnit (in Russian) al indicates that
the term coffee is derived from its birth place,
kaffa(  Stellmacher, 2007)Moreover, long
before the Arabs knew coffee the Oromo
people traditionally use coffee as energy food
(as bunagalaa and Qori)
(TadesseWoldemariam, 2015:7).In relation to
its early history, who and when Ethiopian
coffee was introduced to Yemen (formerly
known as Arabia)is still obscure. Some writers
such as llly and llly (2015) as cited in Tadesse
Woldemariam(2015:9) made  SuniMudens,
who starting from late 7" century orwards used
to pilgimage to Arabian holy places,
instrumental for introducing it to Yemen. Some
other scholars such as Till
Stellmacher(2006:80-82) on their part believe
enterprising traderstook its seedlings to South
western  Arabia a about 1000 A.D.
Accordingly, whaet is clear from the sources is
that after its introduction to Arabia the
Ethiopian coffee was at least until 15" century

used as stimulant crop. (TadesseWoldemariam,
2015:9-10)Unlike the people around its place of
orign in ad around Kaffa and south west
Ethiopia, the Yemeni and the SuffiMudims
used to boil the coffee beans and drink it to
stay awake at late night Dhikr /remembrance of
Allaty. After 15™ century however Coffee
Arabica began to be produced for commercid
use in Arabia Felix, today known as Yemen
(Till Stellmecher, 2006:80-83; Topik, 2013:2).

Once after coffee reached them, urtil 1600 the
Yemeni Arabs aorne controlled  coffee
production. Until the 17" century, coffee
cultivation was confined in Arabia especidly to
the highlands of Yemen and the Arabs kept
coffee as thar monopoly. They dtrictly
prohibited  exporting coffee to outsiders and if
they had to export it in few exceptional cases,
the Arabs roasted coffee beans so that it could
not be grown or germnated in an area outsde
their country (Janzen, 2010:1086) It was only
by the late 16th and 17" centuries that some
European and Indian travelers and merchants
took coffee beans ether by sealing or
smuggling it. However, the Europeans saw
coffee growing in farms and gardens of Arab
countries and Snce they first found coffee trees
grown in Arabia, Europeans named the
Ethiopian coffee as coffee arabica. (Daniels,
2009:10; BirukGetenet, 2012:3)

3.2.Spread of Ethiopia’s Coffee from Arabica to different parts of the World

It was in association with Idamic religion and
pilgrimages to Mecca that coffee was reached
to different parts the Muslim World. By the 15"
century coffee reached Mecca and Turkey.
From Mecca it was taken by travelers, pilgrins
and traders to the different parts of Middle East
and eventudly it spread to other parts of the
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Musim World. For example, from Mecca
coffee was taken by Hajj or pilgrims to north &
West Africa, to the Far East such as (Java &
India), and to Middle East (such as Persallrar/
Turkey). In the earlyl?" century, after few
sacks of coffee beans sent to Venice from port
Mocha of the Yemen, Coffee arabica began its
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jouney as export commodity. Soon the
commodity continued to reach Caro and
Alexandria via ships and through the agency of
caravan traders, from Cairo and Alexanderia
coffee entered to other parts of the Ottoman
Empire and to Europe (Janzen, 2010:1087;
Topik, 2004:7-8)

Unti the 17" century Arabia (Yemen)
monopolized coffee production. However, in
the 17" the Yemen lost control coffee raw
seeds or seedlings either through smugglers or
during wars in (in 1683).0Once after they get it
from Arabia, the Europeans spread coffee to
different parts of the World. Between the 17th
and 19th centuries, European colonial powers
took coffee to their own country and their
respective colonial territories. Three European
powers, the Dutch Republic, France, and Great
Britain; played sgnificant role in spreading of
coffee arabica. Firstly, in the 1690s the Dutch
explorers and  entrepreneurs  brought &
cuitivated coffee in their colony Java and then
they spread it to other areas of Southeast Asia
like Ceylon, Timor, and Sumatra. Within short
period of time, the Dutch East Indies became
important  region for  coffee  production.
Secondly, at about 1715 and 1718 the French
transplanted coffee and began to produce seed
beans that could yield a different kind of coffee
Arabica a ther colony BourboryReunion.
Almosta century later the unique coffee Arabica
which is different in kind from the one that
orignated in Ethiopia, taken by the French to
their colony in the New World /America/ and
soon the French edtablished coffee on the
Caribbean idand of Martinique. Almost at the
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same time the Dutch introduced coffee beans to
South America. The British had their own
specia role in spreading Coffee in  their
Colonies in the “New World” North America
(BirukGetnet  2012:6-8; Topika, 2004:7-11,
HeranSerkBrhan, 2010:9-10)

Relatively speaking the culture of coffee
drinking was introduced to Europe very lately.
It was in the 17" century Europeans started
coffee drinking and gradually coffee houses
expanded, and towards the end of the century
demand for coffee as stimulant beverage sprang
up. Apart from its stimulant value as beverage,
the demand for coffee consumption increased
for its social value. This is because in Europe
coffee houses gave consumers opportunity to
freely chat & discuss social issues beyond the
immediate sight/purview/ of state or religious
authorities.  With this risng demand, coffee
continued its rapid spread; it crossed the
Atlantic and arrived to the European colonies in
the two Americas. As it had been in Europe, in
USA coffee had a huge socia impact and the
coffee house quickly grew as important socid
gathering places. (Cowan, 2005:18-19; Janzen,
2010:1087-1088)

The French, who planted seed beans that yield a
different kind of coffee Arabica has a specid
place in coffee history for  generating the
ancestor of Brazl's ad Mexico's
coffeg(BirukGetnet 2012:6-8) And soon Brazl
began to grow as a leading coffee exporting
country by producing halfof the World's coffee
. In 1850 and in 1906 Brazl’s coffee production
grew in five fold. (Topik, 2004:18-20)



Binayew Tamrat

3.3.The Evolution of forest coffee from obscurity to a status of valuable global commodity

up until 1941

There is paucity of sources about history of
coffee production in the early and medieval
period Ethiopia. However, available sources
points toward the probability that in its early
days coffee production and consumption was
strongly associated with Idamic and indigenous
religious practices. It was the Sudanese daves,
who were taken to Arabia across Ethiopia, had
learned the custom of chewing coffee from the
people of southwestern of Ethiopia. In the
couse of their travel they introduced coffee to
south east Ethiopia such as
Harar(TadesseWoldemariam, 2015:6)Before
the culture of coffee drinking widespread
everywhere in Ethiopia after 19" century, it was
widely used by the south west and south eastern
regions, where  the population  was
predominantly non-Christian (SerkBrhan,
2010:15).However, ittook centuries for south
western  Ethiopian forest coffee to be
recognized as vauable commodity.Even in the
15™Mand 16" centuries, coffee was not used in
Ethiopia as a mgjor cash crop.It was through the
Arabs that the Ethiopia coffee entered to World
Market. (Topik, 2013:2; Abdusamad H.Ahmead,
1997:543)

3.4.Coffee production and marketing from
late 19" century up until 1941

Before the 19" century, merket relations in
Ethiopia were conducted mostly in a barter
syssem and long distance traders served as
agents of trade. Civets, daves, gold, gnger and
coffee were found from south west Ethiopia as
items of trade. Throughoutmedieval and early
modern period, coffee from south western
Ethiopian regon was taken by long distance
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traders across the trade route that stars from
saga /Agaro and run to north west across
Gondar and to the north east through Shewa. (
BahiruZewde, 2002,22-23 )But when compared
with other commodities, coffee exported from
Ethiopia through various ports like Massawa,
and Metemma was very limited (Abdusamad H.
Ahmed, 1997:544)

It was by the 19" century that coffee from
Ethiopia entered in to international market as
valuable commodity. Two historians have
different views about why demand for coffee
from Ethiopia. According to Abdusamad (1997)
it was with the advent neighboring colonia
powers such as the British in the Sudan and the
Italians in Eritrea that sprang up demand for
coffee. However, Steven Topik related the
growing demand to coffee to the Arab Muslins.
He expounded that it was only after the
Mudims across the Red sea domesticated
coffee tree and created promising demand in the
Mudim World that coffee from Ethiopia began
to be widely exported( Topik,2013:2).
However, Topik’s view is not convincing
because coffee from Red Sea area never been a
dominant cash crop. And hence it was with the
advent of colonial powers such as the British in
Sudan and the Italians in Eritrea that demand
for Ethiopian coffee grew steadily. In addition
to competing, as they did in other metters, to
divert the long distance trade routes to their
respective colonies, the British and ltalians
directly appointed colonia agents in strategic
areas.(Abdusamad, 1997; Binayew, 2014:298)

Towards the end of the 19th century, Amharas
of Shewa kingdom conquered the resourceful
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forest coffee region of south west Ethiopia and
tied ther best to monopolize coffee
exploitation and commercialization (
Bossolasco  L.,2009:3 ) Though Menilik
brought the region under Shewan control, until
the opening of the Addis Abeba -Djibuti Rail
way in the early 20" century, however long
distance caravan traders had used coffee from
south west Ethiopia as one of the mgjor trading
items. They dill were used to sell /export /it
ether through Metema or Asmara ad
Massawa. But starting from early 20" century,
amost al commodities including the south
western coffee began to be exported via port
Djibouti (Bahiru, 2002:101-102)

In the late 19™ century cash and coffee was
higny demanded by Emperor Menilikto
puchase modern weapons for the imperia
army. As reported by Guluma, a researcher, in a
letter he wrote to Aba Jfar of Jmma on 28
August 1893 Mendlik told the governor Jimma
about the impostion of tribute in coffee on
Oromo chiefs.  Accordingy, the emperor
explaned that snce the Europeans firearm
sellers asked him to pay the cost of the arms in
coffee not in cash, he demanded coffee as
tribute (GuimaGemeda, 2007:57-60)

Long before Menilik’s conquest of the region,
coffee in its natural state /conditior/ was widely
cuitivated by the Oromo and Omotic peoples of
the Gibe region. During Menilk’s war of
conquest and even a the time of early
administration by conquerors from the north,
the natural coffee in some parts of south west
Ethiopia was destroyed. Perhaps this indicates
the fact that at the early stage of their conquest,
Menilik and his soldiers considered coffee as
less valuable cash crop. The indigenous people
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on its part abandoned their coffee farms to
engage in producing subsistence crops for their
livelihood. Later the abandoned coffee farms
were designated by the conquering force as
“wild/forest” coffee farms. Emperor Menilik’s
soldiers, who then were appointed as loca
governors, took coffee farms as their “exclusive
property” and ordered the indigenous farmers to
bring the ripe beans to their’ coffee storehouses
as tribute. The governors’ agents sold the stored
coffee to loca and foreign merchants (Gulma
Gemeda, 2007:57-58).

During the last decade of Menilk’s reign
(1893-1913) there was increase in demand for
coffee as export cash crop. In addition to the
growing importance of coffee to the country’s
foreign trade commodity, Menelk’s strong
desire for more cash to acquire modern firearms
had its own contribution for growing  demand
in coffee. Thus the earlier neglect to coffee
production by state leaders reversed. Moreover,
in the early decades of the twentieth century,
the establishment of orderly administration had
its own significant role to transport coffee from
farms to market centers and to the port. Though
the Ethiopian coffee began to serve as mgjor
export commodity, prior to 1920s the largest
amourt of coffee had been used for loca
consumption  (Topik, 2013:2; YaredBerhe,
2010:12)

As Emperor Menilik 11 (1889-1913) did before,
Regent Teferithe later Haile Selassiel (1916-
1974) encouraged coffee as Ethiopia’s main
export commodity. This motivated the local
dite/balabat/ and farmers to cultivate large
guartities of coffee to get large revenue. For
that reason, in 1920s and 1930s rather than
restricting themselves on plots and tributes
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from subject farmers or gebbars, the appointed
governors decided to create their own coffee
plantations. To that end, the appointed
governors expanded their plots of land through
different  mechanisms such  through land
purchase or by smatching land from indigenous
peasants. In this plantation system the amount
of Ethiopian coffee production in south west
Ethiopia increased throughout 1920s and early
1930s. Concurrently, the amount of export
through port Djibouti sprang up from 288
metric tons in 1921 to 5,864 metric tons in
1925.In the immediate pre occupation period
(1935-1941) the exported coffee continued to
grow and in 1935 it reached 9,408 metric tons.
During the same years, large quantity of coffee,
which is edstimated from about 25,000 to
45,000 quintals of coffee , was exported to
British Sudan via Gambella dry port from
south west Ethiopia.(GuimaGemeda, 2007:57-
59; Topik, 2013:2; Yonas Seifu, 2002: 43-44)

Historians attributed the reason to the rapid
expanson of coffee cultivation in South west
Ethiopia to two mgjor factors. The introduction
and expanson of modern transportation
infrastructure  especially Ral way and water
transportation, which enabled transportation of
buky coffee commodity to the ports, was one
of the factors. Growing interest of the dlite
including the local balabat& officids to get
more revenue by involving in the production
and marketing of cash crops was the other
mgjor factor. As a result,from 1930s onwards
coffee began to play a leading role as the
country’s major export crop. At the same time
many actors other than farmers and traders such
as brokers emerged and began active
engagement in  coffee econonmy (Y onasSeifu,
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2002:43-44; YaredBerhe,
GuimaGemeda, 2007:60-63)

2010:12;

However, two mgjor challenges disrupted the
temporary boom in coffee production in
southwest Ethiopia. The economic crisis that hit
directly or indirectly all countries of the World
from 1929-1933, was one of the challenges that
caused for the decline in coffee production and
marketing. For example, the cost of one
feresulalequivalent to 17 kilo gram coffee
dragtically decreased from 13 Maria Theresa
dollars just a the beginning of the crises to
about 8 MT dollars during the crises. This in
turn discowraged coffee production in a
plantation system The second Ethio- Italian
war (1936-1941) was the other mgjor challenge
that prohibited large scale coffee production.
Like land lords, coffee plantation dislocated and
their land corfiscated. Moreover, the Italians
focused on producing cereal crops for feeding
their large army.Consequertly, for five years
during and after occupation period, coffee
production remained very low and stagnant.

(Y onasSeifu, 2002:44; GulmaGemeda,
2007:63)
For century’s traditional coffee production

system, have been practiced by smallholder
farmers and was dominant in  southwestern
parts of the country. The forest coffee
production system, which confined in south
west Ethiopia and Bale mountains, represents
the lowest and its yield coverage in the country
accourts less than 5%.Moreover, both in terms
of contribution to the country’s coffee
production and in its yield, forest coffee is the
lowest. Even though yields vary from year to
year depending on different factors such as
climatic condition and management during
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cultivation, the forest coffee contribution in
yields is on average 200-250 kg/ha of green
beans per year. Moreover, the south western
coffee forest and its ecosystem as cradle of
worldwide Arabica coffee are recognized as a

biodiversty  hotspot.  (TadesseWoldMariam,
2015:14-20; Zekarias Shumeta& etal, 2012:28;
Stellmecher T, 2007:1; Stelmecher T. and
Mollinga P., 2009:44)

4. Forest Coffee production and its M arket Chain in South Western Ethiopia ,1941- 2008

4.1.Conceptual framework

In south west Ethiopia traditional coffee
production systems is ill predominant. Even
though modern coffee  plantation  system
introduced 100 years before, it is the traditional
coffee production system, which composed of
forest coffee (FC), semi-managed forest coffee
(SFC), garden coffee (GC) that accounts more
than 90% of the country’s coffee produce. In
FC production system, local farmers directly
harvest coffee in its natural habitat by picking
and collecting coffee fruits with little or no
human intervertion in a wild forest. The effort

and forest management to improve the quality

and quatity of in a wild forest -coffee
production  system varies from  none
intervention to moderate intervention.

(BirukGetnet, 2012:8-9; TadesseWoldMariam,
2015:14-20)Hence the  management  and
intervention to improve the quality and quartity
of FC cannot be treated in separation its forest
ecosystem

According to Méndez, V. E. and Lovell, S, T.,
(2007:2) the forest ecosystem provides four

ecosystem  services,  production  services,
regulation  services, cutwal services and
supporting  services, are  essential  for

sustainability of human life. In relation to the
subject under investigation, in addition to its
importance as center of organic coffee Arabica
genetic  resource  conservation, the  south
western forest ecology is providing production
services. In this regard for a forest ecosystem
that serves as center of production and
conservation, Eco-agriculture is recommended
as viable framework. In theory Eco agriculture
focus among others on  biodiversity
conservation, protection of ecosystem services
and poverty aleviation. Hence it enables to
meet the goas of conservation and sustainable

development without jeopardizing the
livelihoods of the local community and the
generations to come. (Gataweller,

F.&etdl,2005; Méndez, V. E. and Lovel, S, T.,
2007:3-4)

4.2.Conservation Vs Sustainable Development in south west Ethiopia Forest coffee

production system

From the literature it is possble to see that
forest coffee production system is one of the
most debatable issuess To nmy best
understanding the scholarly debate in relation to
forest coffee production system in south west
Ethiopia revolves around two issues, one
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emphasis for conservation coffee  Arabica
genetic  /pool/ Resources by protecting its
natural forest biodiversty and the other is
emphasis for improve the quality of forest
coffee production and improve the lives of its
producers. The first group of scholars, who in
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one way or another contend that the original
CoffeeArabica genetic resources should be
conserved, are referred for this discussion as
“conservationists” and the second group, who

argue in support improving forest coffee quality
and improving the lives of its producers through

4.2.1. Essence of the arguments of “Conservationists” and “Developmentallists”

The Ethiopian wild popuation of Coffee
Arabica is threatened by rapid deforestation.
The conservationists believe and contend that
the south west Ethiopia forest coffee is one of
biodiversity hotspots that contain the world’s
unigue wild Coffee Arabica, and should be
protected and conserved as a reservoir of
genetic diversty. They found that about 60% of
the south western Ethiopian original natural
forest was destroyed between 1973 and 1997.
Due to accelerated deforestation the Forest (FC)
and sem forest coffee (SFC) land in 1973 was
found to be decreased from 71%in 1970s to
48% in 2005. Within 32 years 23% the original
forest in south and south west Ethiopia has
corverted either to crop lands or small hold
commercial  coffee  plantation  (CCP).And
between 1990 and 2005, the rate of
deforestation was accelerating on an average
annual deforestation rate of up to 9 %. Based on
such research based evidences, some scholars
warn that unless effective measures are taken to
stop deforestation and to regulate unplanned
expansion of commercial coffee plantations the
unique and irreversble natural coffee arbica
gene pool, may be lost al together with the
natural coffee. For scholars in support of
conservation, empowering a dedicated
ingtitution  that can coordinate  conservation
efforts, enforce forest policies and providing
approprigte  finance aong with  technica
support  for forest coffee farmers is supposed to
be best solutions(Gataweller,
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developmental  projects, termed here as
“developmentallists”
F.&etal,2007:2;Wakjira and etal.2007;

Stellmecher T., 2010:1)

Believing that less educated poor forest coffee
farmers have a short term planning horizon and
less concern to forest conservation for
sustainable  development,  “conservationists”
partially reject financia support to farmers and
suggest ingtitutional  development as a  solution
to sop coffee forest deforestation. They
explained that since these farmers give priority
for securing food & subsistence needs,
providing financial and technical support may
not enable them to cary the entre
responsibility of  conservation.(Agwanda& etal,
2009:1-2;Stellmacher T and Mollinga Peter,
2009:44) They dso recommended that in
addition to improving production in forest
coffee  qudlity, its farmers should be
encouraged to engage in multifaceted non
timber forest products like coffee, honey and
gpices production.(Hein and Gataweiler 2006;
Tadesse W/mariam, 2015:23-24)

Actuadly some of pro conservation scholars go
to the extert of criticizng the government for
its fallure to establish a strong central institution
to manage the forest coffee production. They
contend that regardless of its rhetoric to protect
forest coffee and its biodiversity by providing
land ownership certificate to farmers and
through  biosphere  reserves,  conservation
capacity in the country is low and the protected
area system is little effective in decreasing rate
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of deforestation. They also believe that because
of the imbalance between the rhetoric and the
practice the greatest amount of forest cover in
south west Ethiopia is vanished. In criticism on
what is done to the on the country’s organic
coffee forest, they complained that with in less
than 15 years until 2014, the country’s coffee
harvested area doubled from 250,000 to
520,000 hectares partly through deforestation
with no increase in coffee yields. Some of them
went to the extent of  warning that if such
practice continued it will take only 27 years to
totaly lose the remaning origna forest
together with the world’s only original wild
populations of Coffee arabica.” Accordingly
this threat is happening because the Ethiopian
government, instead of authorizing a strong
central indtitution, left the coffee for too many
players such as NGOs and Cooperatives in
charge of coffee governance. After dismantling
the Tea and Coffee Authority set up by the
Dergue, the current government practicaly
negected the coffee  governance” (Tarikua
Getachew, 2015:1-2; Agwanda&etal, 2009:1-2;
Gatzweiler,2005)

Developmentalists” too do not support the idea
of increasing coffee harvesting land through
deforestation.  They rather believe that through
deep involvement in forest coffee production
and proper management, it is possible to
increase  FC  yield. They aso support
certification both as dStrategy to prevent
deforestation and to motivate FC farmers to
produce quality/specialty coffee/ Accordingly,
certification enables forest coffee farmers to
intensify  their farm  management  through
activities such as withdrawing of over stored
trees, removal of ground vegetation. And forest
coffee certification system sad to have a
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postive  impact on  preverting  forest
degradation in the certified areas and the
surrounding forest regions.(BirukGetnet,

2012:8-9; Minten, B. &etd, 2014:9; Takahashi,
R. and Todo,Y ., 2015)

Conservationists doubted its effectiveness in
Ethiopia. Indeed they accept Certification as a
viable merket strategy and accepted that after
the introduction of certification in 1990s, the
Ethiopian organic forest coffee or the specialty
coffee has been attracting consumers’ attention
in Europe andUSA. However, they argue thet
uder the existing indtitutional  system,
certification as drategy for conservation and
sustainable development is not effective. As
justification for their argument, conservationists
assert that certification is accepted by (FC)
farmers as a motivating factor only when their
certified specidty coffee enabled them get
better price. Even though the Ethiopian
specidty& forest coffee has good image and
obtaining reasonable price, its farmers are not
getting appropriate price. It is rather some other
actors/mediators’ who misuse certification for
ther own benefit that is obtaining good
advantage from Ethiopian specidty coffee.
Scholars such as Stellmacher, T. (2007:9-10)
atributed this problem to absence of a free
press'media as a ‘watchdog against personal or
organizational abuse of certification. Moreover,
unless they use some modern mechanisms such
as usng fertilizer, even the most intensive
management systems coud not help forest
coffee producers to increase quality and
quartity of their yield. For this reason, smdll
hold FC farmers preferred ether to use some
fertilizer or clear some of the forest which in
one way or another affect the forest biodiversity
ecology and the organic nature coffee.( Mas
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AH. AND. Dietsch T. V, 2004:648;
Gatzweiler, Franz W.,2005).
The certification process itself is not only

difficut for the Ethiopian small holder forest
coffee farmers but also amost impossble to be
feasble in the existing management system and
administrative  dtructure. On the sde of its
farmers getting their coffee produce recognized
as specidty and organic coffee requires full
filing of different criteria.  (Stellmacher,T.
2007:9-10;

For instance, one of the measurement criteria,
‘fair trade scheme requires getting tangible
evidence to show that coffee farmers are
benefiting fairly, which in the presence large
middlemenvbrokers  in the long  coffee
marketing chains, is difficut to fuffill. In this
case with existing imbalance between retall
prices and farmers income from their forest
coffee getting certified and incurring high price
at international market is less likely. For the last
7 years from 2006 to 2013 for example only 2%
exported coffee was able to get certification
uder far trade  scheme/criterio/  in
international  transaction system.  Moreover,
even the certified forest coffee is not
necessarily fetch high price (K. Wiersum F.
&eta, 2007:3; OlivaJd, 2008:3;Minten,B.
&etal,2014:9 )

Some other scholars who wrote in support of
“developmendists’, believe that in the face of
volatle World coffee  market, pressurizing
forest coffee farmers to gve emphass for
conservation is futle effort. In this case it is
reported that between 1999 and 2004 when a
great coffee price dump occurred ,most of the
farmers in south west Ethiopia, as elsewhere in
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other coffee producing regions in the country,
converted thelr coffee farms to growing chat
and other food cereals. They did so because
during that time a certain amount of chat |,
which brought nearly equal price to ore kilo
gram of coffee at normal time, was sold for as
high as $9, whie the coffee was only for
$0.01.Moreover they argue that since the
genetic pool of south western Ethiopian
rainforests with wild coffee have aready been
modified due to converson of the orignal
forest to agricutural land or to garden and
plantation coffee systems;, rather than dtrictly
focusing on conservation of forest coffee it is
more  viable/imperative to work toward
increasing the quality and quartity of forest
coffee yields. From this point of view what is
intiated by farmers to improve their produce
ad by severa development project to
developing or breading models [perhaps
including in laboratories] of new coffee
varieties having international  importance  is
acceptable. They aso stated that in addition to
conservation coffee genetic resources, great
emphasis needs to be gven toward improving
marketing as a means to increase the incomes
of smalholder coffee producers.(SerkBirhan,
2010:9-10; Stellmacher T, 2007:9; Zekarias
Shumeta& etal, 2012:28)

Conclusion & Recomendation

The Ethiopian coffee spread from its original
homeland to other parts of the World. And it is
possble to safely argue that the culture of
coffee cultivation and consumption reached at
different corners of the World before it became
an international commodity in the late 19" and
ealy 20" century. It is possible to see that the
history of coffee cultivation and spread with in
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Ethiopia and the Horn follows a similar pattern
as the outsde World. At present scholars and
the international community amost entirely
accept that the South western Ethiopian region
is not only the birth place of coffee Arabica but
also recognized its forest coffee as important
habitat of coffee Arabica genetic pool resource
for future use. However, the issue of how to
conserve/preserve  Ethiopian  forest  coffee
genetic pool altogether with its biodiversity
while sustaining development through
producing organic forest coffee  without
jeopardizing the livelihoods its farmers is il a
controversial issue. From the literature of coffee
sector studies, two groups, who wrote about the
dilemmas between Conservation and
Development do not dive good emphasis for the
burdens of Small hold Forest coffee farmers.
One important point they stressed s
encouraging organic forest coffee producers
through certification. Whether certification both
as a market and conservation strategy, could
secure the advantage of coffee farmers is
debatable; some pro development writers show
a tendency of depicting its effectiveness. Pro-
conservation writers  stress  its  failure  and
attributed the reason to lack of appropriate
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Abstract

The study was aimed to determine the effect of processing on anti-nutritional factors of Hepho (black clinbing
bean) (Lablab purpureusL.). Two (2) anti-nutrients (theraw, dehulled traditionally cooked (DTC), undehulled,
traditionally cooked (UTC), dehulled pressure cooked (DPC) and undehulled pressure cooked (UPC) of hepho
bean seeds had respectively contents (mg/100g) of phytic acid 304.80, 196.20, 231.90,118.90, and 103.00; and
for tannin contents wer e 368.04,293.04,269.57,215 and 218.00) wer e determined in each sample seed. The four
processing treatments given to the seed showed a general reduction trend on these two anti -nutrientsat different
ratesand leves. Pressure cooking wasthe best processing method for phytic acid, and tannin while pressure
cooking after (PCD) was the best processing method for tannin. Then it was concluded that hepho (Lablab
purpureus L.) is good sources of nutritional profile and all processing methods effectives reduced anti -
nutritional factors and this might beinportant in utilization of hepho and popularizing it; because most of the
time the people have no interest to eat hepho dueto its bitternesscharacteristic that related with presencetannin
the seed renoving tannin through pressure cooking after removal of the hall will avoid this problemand

increase the importance of hepho.

Keywords:“Hepho”  (Lablab  purpureus  L.), domestic  traditional  cooking,  pressure
cooking, ant-nutritional factor, Dehulled and undehulled.
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1. Introduction

Hepho is the Afan Oromo name for Black
climbing bean (.Lablab purpureusL.) which is a
seed pulse crop, belongs to the Phaseolus
species and family of Leguminous. Therefore,
the word Hepho, as used by the Oromo,
describes the entire black climbing bean with
black seed bean. Hepho bean ( Lablab
purpureusL.) is one of the principal food and
cash crops legumes grown in both the lowland
and medium altitude areas of Ethiopia ranging
from 700-2000m above sea level, particularly,
in the North-West parts and Wollega Zones
(Western  and Easter  Wollega ad
Bemishangul-Gumuz)  (Derese, 2012). Black
climbing bean “Hepho” is the most important
food legume as the source of protein for
consumption (Tadese and Bekele, 2003). This
crop is known in the country since the 16"
century (Shimelis and Rakshit, 2005). Its
gowth habit of is in determne type-4
(climbing), seeds sze is medium spexied
Ispeckled with black color (Zeldlem 2002).
Intercropping with maize and planted under
Fence around household (supportive)
(Aboudum et a., 2010). Hepho seed usually
reech a harvestable stage within five to six
months from planning depending on the
environment, the plant dies after the seeds have
matured. From the singe plant one can harvest
a seed only once or can harvested a seed from
the plant in next year again. The storage of
Hepho is relevant only for seeds. The usua
storage method is to keep the seeds in suck or
in locally known storage place was similar as
that of cereds. Hepho is eaten at its early
meturing period and after its maturation period
when it is dried in the form of  wett with
Enera by adding different types spices those
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used as spice in the local and in the form of
mullu” Nifro. Though legumes are important
sources of dietary proteins for human and
animals, their usefuness have been hindered by
the presence of some anti—nutritional factors
known as toxins (Reedy, N.R. and Pierson,
M.D., 1994). Nutritiona quality is affected by
these factors that interact with the intestinal
tract such as phytate, tamins and oxaates
which reduce protein digestibility and amino
acid absorption (Heng .L, et a., 2006 and
Obas, 1994). Being legumnous species the
same things are happening in black climbing
“hepho” bean. However, these substances need
to be destroyed ether by heat or other
treatments otherwise concentration of toxins
will exert adverse physiological effects when
ingested by man and animals (Alonso et d,
2000). Because of this eating of hepho is not
popular throughout the country and it is
limted only to some parts of the country. Not
only this but also those who have the habit of
eating hepho also aways raise this issue as the
problem of eating hepho even though, it is high
nutritious  bean  like other common bean .
Therefore,  for expanding its proper utilization;
it is desrable to study its anti-nutritional factors
and to examne effects of processing techniques
on reducing these anti-nutritional factors. The
pupose of this sudy was therefore; to
determine the effect of DTC), (UTC), (DPC)
and (UPC) techniques on anti-nutritional factors

of hepho.



Mengistu Tadesse

1. Materials and M ethods

Sources of M aterials

The fresh seeds of ‘“hepho” or black climbing
bean (Lablab purpureus L) for this study were
obtained from Leka Dullecha district Oromia
State of Ethiopia.

All  equipment and chemicals used were
available at Adama Science and Technology
Universty Oromia state Adama town (sample
preparation part) and Ethiopian Health and
Nutrition Research Intitute (EHNRI)
laboratory services Addis Ababa which is
capital of Ethiopia. All the chemicals used were
of andytical grade. The experiment was
conducted on raw, dehdled and undehulled
hepho bean seed for analysis of anti-nutritional
factors of the seeds. Anti-nutritional analysis
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was carried out in triplicate via traditional and
pressure cooking methods.

Sample Collection and preparation

A total of 18 kilograms (6kg from each
kebele)  apparently uninfected Hepho were
collected from the randomly selected 18
households (1 kilogram per house hold) of
study ste (Bandira, Kubena Hambelta and Horo
Hambelta kebeles). The sanples were packed
in polyethylene bags, kept in an ice box (to
prevent moisture loss), and transported to
Chemical Engneering laboratory of Adama
Science and Technology  University within the

two days of sample collection.
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Fig 1. Dehulled (left) and Undehulled (right) of hepho seeds for flour production
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Determination of phytate

The method described by Nwosu (2011) was
used. The phytic acid in the samples was
precipitated with excess FeCl; after extraction
of 1g of each sample with 100m 0.5N HCI.
The precipitate was converted to sodium
phytate using 2m of 2% NaOH before

The percentage phytate was thus calculated:

% Phytate

Where W =weight of sanple used

au = absorbance of test sanple

digestion with an acid mixture containing equal
portions (1ml) of conc. H,SO,4 and 65% HCIO,.
The liberated phosphorus was measured
calorimetrically (Jerway 6051 Colorimeter) at
520nm  after colowr development  with
molybdate solution.

7 x(&) x ¢ xG

as = absorbance of standard phytate solution

C = Concentration of standard phytate solution

Vt = Tota volume of extract
Va=Volume of extract analyze
Determination of Tannin

The Folin-Denis spectrophotometric  method
was used. The method was described by Ezegbe
(2012). A measured weigt of each sample
(1.0g) was dispersed in 10ml distilled water and
agitated. This was left to stand for 30min at
room temperature, being shaken every 5min. At
the end of the 30mins, it was centrifuge at
1000rpm for S5minutes and the extract gotten.
2.5m of the supernatant (extract) was dispersed
into a 50m volumetric flask. Similarly 2.5m of
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standard tannic acid solution was dispersed into
a separate 50m flask. A 1.0m folin-denis
reagent was measured into each flask, followed
by 2.5m of saturated Na,COs; solution. The
mixture was diluted to mark in the flask (50ml)
and incubated for 90min a room temperature.
The absorbencies were measured at 250nm in a
Genway model 6000i electronic
spectrophotometer. Readings were taken with
the reagent blank at zero. The tannin content
was given as follows;
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| [ﬂ] 00 ¥
Tannin = W) X v X7a
Where, Au = Absorbance of test sample

As = Absorbance of standard tannin solution

C = Concertration of standard tannin solution

W = weight of sample used

Vf = total volume of extractVa = Volume of extract analysed

Va=Volume of extract analysed
Statistical analysis

The results obtained from the various analyses
were subjected to Andyss of Variance

2. Results and Discussions

Phytate and tamnin content of raw and
processed hepho floor were presented in
Tablel. All the processing methods applied in
this study significantly reduced (P<0.05) these
two anti-nutritional factors.

Phytate content

The phytate content of raw ‘hepho’ bean seeds
was determined to be 304.80my100g and
among the processng methods employed,
pressure cooking was found to be more
effective in reducing the phytate content. The
highest reduction (66%) was observed in the
dehulled PC followed by undehulled PC (61%)
reduction (Tablel). This report was in
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(ANOVA) usng Statistical Package for Socia
Sciences (SPSS) verson 16.0 (SPSS Inc,
Chicago IL, USA).

agreement  with the works of Akinjayegu and
Ajayi, 2011). on black beans (Phaseolus
vulgaris) and Osman (2007) reported pressure
cooking of lablab beans caused  reduction
phytate conternt by 52.29%. In this study, the
traditional cooking aso reduced the phytate
content where dehulled TC cause reduction by
36% followed undehulled TC by 24% (Tablel).
This finding was well agreed with work of
Mubarak (2005) that normal boiling decreased
the phytate content of mung bean by 25.36%.
The evident reduction in phytate during
cooking may be caused by degeneration by heat
or the formation of insoluble complexes
between phytate in addition to leaching into the
cooking medium, and other components, such
as phytate-protein and phytate-protein mineral
complexes (Abiodun and Adepegju, 2011) and
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adso the reduction might be due to the
hydrolyss and heat destruction of some
nmolecues of isositol hexaphosphate to penta,
tetra and triphosphate components (Eigu et al.,
2005). The reduction of phytate during
processng of bean seeds can enhance the
bioavailability of proteins and dietary minerals
(Soetan and Oyewole, 2009).

Tannin Content

The tannin content of raw ‘hepho’ bean seed
was determined to be 368.04 mg/100g and
among the processng methods enployed,
pressure cooking was found to be effective in
reducing the tamnin content. The reduction
caused by dehuled PC was found to be 42%
followed by undehulled PC which was 41%
(Tablel). This value was in agreement with the
works of past Authors such as Mittal et al.,
(2012) for chickpea processed by pressure

cooking. Osman, (2007) reported the reduction
of tamnin content of labal beans by pressure
cooking was higher than the present finding (60
to 70%). Signficant reduction was also
observed, 27% reduction by dehulled TC. This
agreed with the work of Ekanayake et al.,
(1999) on chickpea processed by normel
cooking. Dehuling and cooking was observed
to cause higher reduction in tannin content of
hepho bean that had agreed with the work of
Abiodun and Adepeju, 2011) for bambara nut.
This coud be attributed to the predomnant
presence of tannin in the seed coat and it’s also
heat labile and degrade upon heat treatment
(Rakic et a., 2007). Reduction of tannin
content in the hepho bean was expected to
improve its nutritional value because tannins
form complexes with proteins and reduce their
digestibility and palatability Abiodun and
Adepgu 2011). Tannin is known to contribute
for bitterness of beans (Ajala, 2009) and hepho
Is much bitter when eaten undehulled.

Table 1. Anti-nutritional composition of raw and processed Hepho bean seeds (mg/100g)

Trestment Phytate Tannin

Raw 304.81+0.727 368.04+2.4F°

DTC 196.19+ 0.04° 293.04+52.19"
(-36%) (- 20 %)

uTC 231.90+1.41° 269.57+ 0.00°
(- 24%) (- 27%)

DPC 118.95+1.00¢ 215.30+ 0.00°
(- 61%) (-42%)

UPC 103.72+1.02e 217.90+ 3.16¢
(-66%) (- 41%)

«“Mean not followed by the same superscript letters in the same column are significantly different (P<0.05).
NB: DTC stands for De-hulled Traditionally Cooked, UTC for Undehulled Traditionally Cooked, and DPC for Dehulled

Pressure Cooked and UPC for
mean”
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3. Conclusion

It is concluded that dehulled traditionally
cooked reduce the phytate content of Hepho
bean seeds than undehuled traditionally
cooked. Hence among traditional cooking
methods dehulled traditionally cooked was
more preferable to reduce anti-nutrient phytate.
Similarly, dehulled pressure cooked reduces
phytate content of the seeds than undehulled
pressure cooked; from this it can be concluded
that the removal of hull affect the content of
anti- nutritional factors, because in
bothtraditionally and pressure cooking methods
anti-nutritional  factors were effectively reduced
in dehulled case.In case of tannin content even
though the dehuled traditionally cooked from
traditional treatments decreases it. However,
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Abstract

The emergence of new infections and increase of bacteria drug-resistance rise up the urgent need for the
development of new antibacterial agents from natural sources. This study was designed to evaluate the
antibacterial activity of thecrudeextract of leavesof Catha edulis. The antibacterial activitywas determined by
the disk diffusion method against one strain of Gram-pasitive (Staphylococcus aureus) and one strain of Gram-
negative bacteria (Pseudononasaeruginosa). Themicro-dilution method was applied for the determination of
the minimal inhibitory concentration (MIC) of selected bacteria strains. Theantibacterial activity of thesamples
was mor e effectiveinhibiting the growth of Gram-negative bacteria comparing with Gram-positive bacteria.
Crude extractof leaves of Catha edulis showed the highest antibacterial activity against antibiotic resistant
Pseudononas aeruginosa; with a MIC value (200mg/mL) lower than the reference antibiotic tetracycline
(250mg/ml). Helvaci S, Kokdil G, Kawai M, Duran N, Duran G, et al. (2010). Antimicrobial activity of the
extractsand physalin D fromPhysalis alkekengi and evaluation of antioxidant potential of physalin D. Pharm
Biol 48: 142-150.High concentrated values (300 mg/m to 500ng/ml. These compounds have important
biological activitiesand could beresponsible for at least part of the antibacterial activity of the crude extract of
leaves Catha edulis. The crude extract from Catha edulis leaves waKalix P (1988) Khat: a plant with
anmphetamine effects. J Subgt Abuse Treat 5:163-169.s the most efficient to inhibit the growth of the bacterial
strain antibioticsred stant Pseudomonasaer uginosa, and Staphylococcusaureus, which represents an important
step for the search and development of a new antibacterial agent.

Key words: Antibacterial activity, Staphylococcus aurous, Pseudononasaeruginosa, antibiotics resistant.
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1. INTRODUCTION

1.1. Background and Justification

Infectious diseases results a greater deaths
approximately 17 million worldwide annually.
Mostly in children and the elderly (Butler MS,
Buss AD, 2006) the morbidity and mortality
asociated  with  infectious diseases have
remained  gSignificant, particularly  food-borne
llnesses including diarrhea among children and
respiratory  infections such as tuberculoss,
despite  the advances in antimicrobial
chemotherapy and supportive care. To meke
metters  worse, the haphazard use of
antimcrobials in  the treatment of many
infectious diseases has inevitably led to the
emergence  of  multiple drug  resistant
microorganisms (Powers JH., (2004)).

For example, in 1990, amost al cholera
isolates in New Delhi (India) were sensitive to
furazolidone, penicillin, cotrimodal and
nalidixic acid. In 2000, these drugs became
largely obsolete in the treatment of cholera. The
use of natwral products, such as medicina
plants as therapy against infectious diseases is a
traditional therapeutic measure especialy in
developing countries as they contan a
combination of potertial antimicrobial
compounds instead of a sSngle purified
molecue (Duran N, Duran G, et al, (2010). The
use of natwral products, such as medicina
plants as therapy against infectious diseases is a

traditional therapeutic measure especialy in
developing countries as they contan a
combination of potential antimicrobial
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compound(s) instead of a singe purified
molecule (Helvaci S, Kokdil, et al. (2010).

Catha edulis, from the family Celastraceae is a
natural stimulant that is found as aflowering
evergreen tree and is widely cultivated in Africa
and southern parts of Arabia (Costea DE, et al,
(2004)). The chewing of young shoots and
leaves of Catha edulis is a traditional and social
habit in some countries of East Africa, Arab
Peninsula and Ethiopia (Kalix P (1988)). The
chewing of young shoots and leaves of C. edulis
is a traditional and socid habit in some
courtries of East Africa and Arab Peninsula
(Kalix P (1988)). It contains the akaloid called
cathinone (an amphetamine-like stimulant) and
other polyphenolic compound such as tamins
and flavonoids, which generally occur as
gycosylated derivatives and are known for
their antioxidant effects (Kromhout D (1993)).

Although, the dtimulating effects of Catha
edulis are well known, the antimicrobial effects
of Catha edulis remain little work has been
done to test its antimcrobial properties. The
present study was designed to investigate the
antibacterial properties of Catha edulis extract
against Gram-postive bacteria, and Gram-
negative bacteria. The resuts reveded that
crude extractions Catha edulis possess potent
antibacterial  properties against Gram:-positive
bacteria tested as wel as Gram-negative
bacteria activity.
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1.2. OBJECTIVES

1.2.1. General objective

To evaluate the antibacterial activities of crude
extractions of the leaves of Cathaedulis on

1.2.2. Specific objectives

selected Gram postive and negative bacterial
Species.

1. To assess the artibacterial activities of crude extractions of the leaves of Catha edulis on
Saphylococcos aureus and Pseudomonas aeruginosa

2. To determine the minimum inhibitory concentration of crude extraction of leaves of Catha edulis
on Staphylococcos aureus and Pseudomonas aeruginosa

1.3. Statement of problems

Microbial infections are ill now cause great
troubles for humanity due to lack of vaccine
against some infections, especialy pathogenic
bacteria, emergence of drug resistance and the
resurgence of infection among the others
(Barron and Leung, 2015). In view of this,
scientific studies have to be conducted on the
traditional medicinal plants to overcome the

1.4. Significance of the Study

From this study we can understand and
meke peoples aware that Catha edulis are

1.5. Limitation of the study

This study was conducted in Adama Science
and Technology Universty west shoa, specia
zore of Oroma region. The study was only on
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goba problem of antimicrobial resistance and
for the purpose of developing a new, effective
and safe antimicrobial drug. It was necessary to
further study its antibacterial activity by using
crude extractions, which in turn could simplify
the isolation and idertification of active
principle  responsble for the antibacteria
activity of the Catha edulis.

not only used to as chewing and stimulart,
but it has medicinal value.

the leaves of Catha edulis and for our initial
study we selected two bacteria strains due to
time, materials and budget limitation.
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2. LITERATURE REVIEWS

2.1.  Overview of infectious diseases

Infectious diseases are among leading causes of
death in the world, in the face of mgjor medical
advances (WHO, 2012). In addition, infectious
discases are the key agents for aggravating
poverty in the world and causes enormous
health related burden through life long
disability (TDR, 2012). According to the WHO
death projection (2013), infectious diseases will
remain to be the Killer diseases with a level of
about 13 million human deaths annually until at
least in 2030 G.C. Although infectious diseases
can affect people of all ages, they impose a
particular burden on children of age below five
years (TDR, 2004).

The negative impacts of infectious diseases are
higny observed in  developing  countries
(Mulder et al, 2014). In high income courtries,
the deaths from infectious disease are mainly
due to respiratory infections and Human
Immunodeficiency  Virus/Acquired Immune
Deficiency Syndrome (HIV/AIDS) whereas in
sub-Saharan  African  courntries,  respiratory
infections,  diarrheal  disease,  HIV/AIDS,
malaria and tuberculosis account for roughly
smilar proportions of total infectious disease
deaths (TDR, 2004). In addition to the problems
of the known or establisned infections,
epidemics of new and old infectious diseases
periodically emerge which greatly megnify the
global burden of infections (Morens et al.,
2004).

157

Emerging infectious diseases can be defined as
infections that have newly appeared in a
population or have existed but are rapidly
increasing in incidence or geographic range. To

mention some  examples, the emerging
infectious  disease includes HIV/AIDS,
hemolytic  uremic  syndrome  (caused by

Escherichia coli O157:H7) Ebola (Barron and
Leung, 2015). Emerging infectious diseases are
pat of the infectious disease having a
ggnificant burden on global economes and
public health (Jones et al., 2008).

The  contributing factors for  emerging
infectious diseases include ecological changes
(those due to economic development and land
use), hurmean demographics behavior,
international travel and trade, technology and
industry, microbial adaptation and change, and
break down in public health measures. These
changes can lead to the emergence of new
diseases, the reemergence of diseases once
controlled, and to the development of
antimicrobial resistance (Cohen, 2000).

The mgjority of emergng infectious events are
caused by bacteria which can be associated with
evolution of drug resistant microbes (Jones et
al., 2008). The incidence of bacteria infections
can be affected by the occurrence of newly
emerging disease. For exanmple, the emergence
of infectious disease like HIV/AIDS has caused
the increase in the incidence of opportunistic
infections in both the developed and developing
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courtries of the world (Sedona and Bhagani,
2011).

Among the opportunistic infections, bacterial
infections are common since they occur when
the natural host defenses like neutrophils are
overwhelmed by disease causng agents like

2.2. Antimicrobial resistance

Antimicrobials are an extremely valuable
resource across the spectrum of modern
medicine to treat and prevent infectious
diseases. Ther development has been
associated  with  dramatic  reductions  in
communicable disease nortality and has
facilitated technological advances in cancer
therapy, transplantation, and surgery (Dixon
and Duncan, 2014).

However, after a certain time of antibacterial
usage, some Dbacterid pathogens became
uresponsive to many of the first effective
drugs. For exanple, the resstance feature or
evolution of Staphylococcus aureus had not
been stopped to the first effective drug, benzyl
penicillin, but continued to be resstant to
different  antibiotics. For  exanple,  this
bacterium became redstant to penicillin and
aureomycin by developing different mechanism
of resistance such as production of a lactamase
and increased cell wal production; which in
turn decreased the usefulness of such drugs for
serious staphylococcal infections (Howden et
al., 2014; Livermore, 2000).

In addition, antibacterial resource is threatened
by the dwindling supply of new antimicrobials
and the doba increase in antimicrobial
resstance (Dixon and Duncan, 2014). Even
though the artibiotic resistance is a global

-158-

HIV (Maka et al., 2010). Therefore, it is
possible to inplicate that researches focusing
on the causes of infectious disease and how to
effectively trest and prevent them from
spreading have to be encouraged to effectively
lift people out of infection and to build a better
world for future generations.

threat, its burden is higher in developing
courtries like Ethiopia because of the high
prevalence of bacterid diseases and the
presence of risk factors for its emergence and
spread (Huynh et al., 2015).

Rates of antimcrobia resstance among
hospital and community  pathogens have
increased considerably. This is especialy more
common in clinic settings in which resistant
strains are frequently found before they spread
to the community (Canton et al., 2013). Hence,
antibacterial resistant infections would be likely
more common in  immune-  compromising
conditions like HIV/AIDS patients due to their
frequent encounters with the health care system,
need for empiric antimcrobials, and immune
dysfunction (McNeil, 2014).

The increasing prevalence of hospital and
community-acquired infections caused by multi
drug resstant (MDR) bacterial pathogens is
the limting option for effective antibiotic
therapy. Moreover, this aarming spread of
antimicrobial resistance has not been paralleled
by the development of novel antimicrobials
(Casgir et al., 2014).

Therefore, the ongoing explosion of antibiotic-
resistant infections continues to be gobal health
care problem with an equally alarming decline
in the research and development of new
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antibiotics to deal with the threat (Ca | et al.,
2011; USAID, 2015).

According to Centers for Disease Control and
Prevertion (CDC) edtimation (2013), antibiotic
resstant bacterial infections in United States
caused more than two million people to be

2.3. Causes of antimicrobial resistance

The emergence and spread of bacterial
resstance have been driven by complex
socioeconomic and human behavioral factors
including misuse of arntibiotics, the practice of
unskilled practitioners and laypersons, and poor
drug quality, particdarly in  developing
countries (Okeke et al., 1999). In addition, the
spread of redstant bacteria in hospitals and the
community can be enhanced by overcrowding,
lapses in hygene or poor infection control
practices (Michael et al., 2014)

The emergence of antibiotic redstance is
primarily due to excessve and often

unnecessary use of arntibiotics in humans and
veterinary medicine.  The rates of bacterial
resistance to the antibiotics have been increased
proportionally with the volume of artibiotics
used for different purposes, the more these
drugs are used the quicker resstant strains
emerge and spread (Austin et al., 1999; Wise et
al.,, 1998) as a resut of selective resistance
pressure induced by antibiotic overuse.

For instance, the prevalence of penicillin
resstant  Sreptococcus  pneumonia  and
Sreptococcus pyogenic has been associated
with an increase in the outpatient antibiotic use
indifferent  countries (Albrich et al., 2004).
There are various factors which may influence
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sckened and resulted in a death of at least
23,000 patients every year.

In addition, antibiotic resistance has contributed
to an increase in economic burden to United
States, which may be as high as $20 hillion in
excess direct health care costs and $35 hillion
due to lost productivity of society.

an increase in irrational antibiotic use and hence
antibacterial resistance, but lack of awareness
and knowledge of the people to the antibiotics
is the main factor which has strong impact on
the non-adherence and inappropriate use of
most antibacterial (Chan et al., 2012) The use
of counterfeit and substandard medications is
the other component of irrational drug use
aggravating the development of drug resistance
as they may have insufficient or suboptimal
dose to kil or inactivate microorganisms
(Kelesdis et al., 2007).

On top of the contribution of irrational use of
antibacterial by humans for bacteria resistance,
inappropriate use in animals has shown to play
for the prevalence of bacterial resistance. Even
though the use of antibiotics in animals has its
own medical reasons, its overuse for farm
animals, especially for growth promotion and
prevertion of infection, contribute to the
increased  prevalence of  antibiotic-resistant
bacteria of human significance
(Khechatourians, 1998; Mathew et al., 2007).

Self-medication is another global practice and
potential  contributor to  human  pathogen
resistance to antibiotics, with a risk of causing
serious health hazards such as adverse reaction
and prolonged suffering.
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Self-medication  of  antimicrobials  without
medical gudance may resut in greater
probability of inappropriate, incorrect, or undue
therapy, delays in appropriate treatment; which
in turn can contribute to the emergence of
bacterial resstance and increased morbidity
(Bennadi, 2014). Self-medication  with
antimicrobial agents has been associated with
low income, lack of drug knowledge, advice
from friends, previous experience, long waiting
time in health settings and distance to the health
facility (Ganesan et al., 2014; Ocan et 4.,
2014). The main sources of self-medication
without prescription are the different retail
pharmecies (Ganesan et al., 2014). The extent
of antibacterial resistance is not only attributed
by the inappropriate use of antibiotics by
patients but prescribers aso contribute a lot.

2.4. Treatment approaches for bacterial diseases

2.4.1. Conventional approaches

Treatment of bacteriad infections is becoming
more difficut to treat as mgority of the
pathogenic bacteria become resstant at least to
one antimicrobia drug which was effective
previously for the causative pathogen. In spite
of such difficuties, the commercially available
antibacterial drugs play great roles for saving
the life of patients with bacterial infections
caused by susceptible bacteria (Carmeli, 2008).

The common antibacterial agents are often
classfied according to ther  principal
mechanism of action as cel wall synthess
inhibitors (example, B-lactams and glycopeptide
agents), protein synthess inhibitors (exanmple,
aminoglycosides, macrolides and tetracyclines),
nucleic  acid synthess inhibitors  (example,
fluoroquinolones and rifampin), anti-
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For example, bacterial selective pressure due to
inappropriate glycol peptide and vancomycin
prescribing has increased the prevalence of
multidrug ~ resstance  in  methicillin-resistant
Saphylococcus aureus (MRSA) strains (Shorr,
2007).

Over prescribing of antibiotics is associated
with an increased risk of adverse effects, more
frequent re-attendance and increased
medicalization of sef-limiting conditions. Viral
infections are the primary driving forces for
over prescribing of antibiotics, particularly in
primary hedth care. Among the different
bacterial diseases, respiratory infections are the
leading infection for antibiotic prescriptions
(Lior and Bjerrum, 2014).

metabolites (example, trimethoprim,
sufonamides) and those that disrupt bacteria
membrane structure  (example, polymyxins and
daptomycin) (Tenover, 2006; Walsh, 2000).

In order to treat the infectious disorders
effectively and to reduce the emergence of
bacterial resistance, the  practice  of
antimicrobial  therapy should consider the
following principles of chemotherapy. These
includes  susceptibility of the bacteria to
concentrations of the antimicrobial agent at the
gte of infection, the dose and route of
administration of the drug, the duration of
treatment and the immune status of the host for
microbial clearance.

In addition, initial empirical therapy to
severely diseased patients should be adequetely
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broad spectrum and adequately dosed by
considering safety and the pharmacokinetics of

the drug in individual patients (Carmeli, 2008;
Levison, 2000).

2.4.2. Traditional approaches of managing bacterial infections using medicinal plants

Herbal medicines have been used for many
years dating back as far as 3000 B.C. Despite
enormous advances in convertional medicines,
traditional medicines have been encouraged by
WHO partly because some convertional drugs
have failed to prove effective, have serious side
effects, or cannot cure certain new illnesses
such as AIDS (Kareru et al., 2007). It has been
estimated that about 65% of the world’s
population have incorporated medicinal agents
into their primary modality of health care
(Fabricant and Farnsworth, 2001). In Africa,
90% of the population relies on traditional
healers to meet their primary healthcare needs
(Kareru et a., 2007), which indicate the
presence of many medicina plants with a
potential source of new drugs.

The antimicrobial value of medicinal plants
relies on some chemical substances produced
by these plantss these chemicals called
“secondary metabolites” and include alkaloids,
terpenoids, flavonoids, tannins and phenolic
compounds, essertil  oils, lectins and
polypeptides,  polyacetylenes etc  (Cowan,
1999). Herba products from medicina plants
are preferred because of less testing time,
higner safety, efficiency, cultural acceptability

2.5. The Experimental plant
2.5.1Catha edulis

Catha edulis, the edible part of Catha edulis
Forsk, belongs to the score  of
vegetablemeterials that humans ingest not for
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and lesser dde effects. On top of these, the
chemical compounds present in herba products
are part of the physiological functions of living
organisms and hence they are believed to have
better compatibility with the human body
(Prasad et al., 2012).

However, the use of traditional plants may be
associated with the problems of scarcity of
valuable medicinal plants, lack of
standardization of methods of preparation, poor
storage conditions and incertitude in  some
traditional health practitioners, which affect the
efficacy and the practice of traditional medicine
(Njume and Goduka, 2012).

The crude extracts of different medicinal plants
such as Rhamnus prinoides leaf extract
(Berhanu, 2014), Calpurnea aurea leaf extract
(Umer et a., 2013), Peterollobium stellatum
root extract (Andudlem et a., 2014), Datura
stramonium, Croton macrostachyus, and
Acokanthera schimperi extracts (Taye et al.,
2011), etc have been sciertifically evaluated
and approved for their antimicrobia activity
against the growth of different pathogenic
bacteria  from which novel bioactive drugs
coud be obtained or derived by devisng an
appropriate scientific studies.

their nutritive value but to experience ther
psychoactive effects (Graziani et al, 2008). The
khat plant is a dense evergreen shrub belonging
to the famly Celastraceae (Kalix, 1996).
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The shrub grows at dtitudes between 1500 and
2500 m, requires high rainfall and grows best
on acid, well-drained, clay soil. With irrigation
and pruning, khat leaves can be harvested up to
four times per year. Khat plants grow to a
heigt of 6 m. The leaves are leathery, glossy,
brownish green, with serrated edges, arranged
in an dternate fashion on the straight branches.

2.5.2. M edicinal value of khat (Catha edulis)

The young shoots and leaves are the parts
chewed for their psychoactive properties. The
khat leaves are most commonly ‘preserved’ for
transportation by being wrapped in banana
leaves. A bundle of approximately 100-200 g of
plant material mekes up a measure of sde
sometimes  called, confusingly, a ‘kilo’ (Nezar
et al, 2005).

Traditional Catha edulis leaves have been used in traditional medicine for the treatment of depression,
fatigue, hunger, obesity, and gastric (Wilder et al., 1994)

Figure 1: Fresh Catha edulis leave

3. MATERIALS AND METHODS

3.1. Description of study area

The study was conducted in laboratory of
Adama Science and Technology Universty.
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Adama is a town in central Ethiopia and forms
a gpecil Zone of Oroma regon and
surrounded by East Shoa Zore. It is located at
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854"N and 39'27"E at an elevation of 1712m
above sea level and has annual rain fal of
7600mm and means amnua  monthly
temperature of 21°C. Adama City is situated at

3.2. Reagentsand chemicals

For this study Mmethanol, acetic acid, Nutrient
Agar, Peptone water, Penicillin, Crystal Violet
lodine, Alcohol, cotton swab, and Safranin
were used for this project paper.

3.2.1. Test organisms

Two human pathogenic bacteria made up of one
Gram-positive  (Saphylococcus aureus and
Gram  negative  bacteria  (Pseudomonas
aroginosa) were used for the antibacterial
assay, these Dbacteria were cultued In

3.3. Methodology

3.3.1 Callection of Catha edulis

The leaves of Catha edulis were bought from
loca market of Bole, in Adama East Shoa

3.3.2. Crude extraction procedure.

The Catha edulis leaves are then dried in open
ar (under shade) and it were powdered.
Approximately, 50g of the Catha edulis leaves
were ground and soaked in 100 ml of a water
bath a 25°C for 24 hours with continuous
shaking using Cole Centrifugation shaker at
320 ppm  Finally, the extracts were suspended
in 20 m and stored a 4°C until tested for
antibacterial activities.
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99 km South East of Addis Ababa and sts
between the base of an escarpment to the We<t,
and the Gresat Rift Valley
(http/en.wikipedia.org/wiki/Adama).

laboratories and identified by gram stan and
biochemical test.

3.2.2. Antibacterial Agents

For this study Penicillin, 1mg/ml, as the
standard reference drug for antibacterial assays
was used.

3.2.3. Media

The bacteria were cultured by using different
media such as nutrient agar, Peptone water, and
meterial petri dishes, test tubes, gram-stain Kit,
were used.

speciad zone of; Oromia. The fresh bundles
were packed in plastic bags and transported into
the laboratory in the month of March 2016.

3.3.3. Preparation of dried filter paper discs

Filter paper was used to prepare discs
approximately 6 mm in diameter. Then it were
mixed with crude extract of Catha edulis leaves
and placed in a Petri dish and sterilized in a hot
ar oven at160°Cfor 180 minutes.

3.3.4. Minimum Inhibitory concentration

Both bacteria are grown in 10 m of peptone
water respectively for various concentrations.
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After 12 hours of incubation at 37°C, different
concentrations of Catha edulis leaves extracts
ranges from O, 50, 100, 200,300,400,500mg
were added in various tubes of grown bacteria
and again incubated for 10-12 hours a 37°C.
After incubation we observed the growth
pattern in  UV-spectrometer a  320nm
wavelength for al concentrations, and further
andyzed for the  mnimum  inhibitory
concentration and the lethal dose of the khat
against bacteria.

3.3.5. Antibacterial activity test

The antibacterial activity test of the crude
Catha edulis extracts against one Gram-positive
(Staphylococcus aureus and one Gram-negative
bacteria Pseudomonas aeruginosa were carried
out by Disk Diffuson method. The agar plate
was prepared for each organism as follows. 0.2
m of the standardized inoculation were mixed
with 20 ml of sterile agar (maintained at 45-50
¢ in a molten state) using a mixer, and then
poured into sterilized petri dishes and set aside.
After congealing, well-isolated colonies of the
4. RESULT AND DISCUSSION

4.1. RESULT

same morphological type are selected from an
agar plate cuitured at 37 c for 18-24 hour. The
predetermned  lethal doses (350mg and
340mg/ml) of khat discs are dispensed onto the
surface of the incubated agar plate.

Each disc was pressed down to ensure
complete contact with the agar surface and the
discs are placed with a dispensing apparatus,
they distributed evenly. Ordinarily, 4 discs were
placed on each plate. Each plate are inverted
and placed in an incubator set at 37°%c for 18
hour after the discs ae applied. The
antibacterial  activity was  evaluated by
measuring the diameter of the zone of inhibition
excluding the whole size by use of an antibiotic
zone reader.

3.4. Data analysis method

The data for this study were analyzed by using
descriptive form of datistics and also it was
represented in the form of diagram, table, and

graph.

4.1.1. Catha edulis extracts exhibited antibacterial properties

The crude extract of Catha edulis were tested
against Gram postive bacteria and Gram
negative bacterial using the disc diffusion assay
(Ho PL, Chow KH, Yuen KY, Ng WS, Chau
PY (1998)]. The results reveadled that Catha

edulis extract inhibited growth of
Staphylococcus aurous and  Pseodomonas
aeruginosa. In the presence of extract, the

results showed that the zone of inhibition for
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Saphylococcus aurous around the Catha edulis
extract disc diffuson was 4.5mm and for
Pseodomonas aeruginosa around the C. edulis
extract disc diffuson was 8mm. Catha edulis
extract had effect against both Staphylococcus
aurous and Pseodomonas aeruginosa. The
zone of inhibition for P. aeruginosa around the
antibiotic disc (postive control) was 11.5 mm,
and the zore of inhibition forS. aurous around
the antibiotic disc (positive control) was 8 mm
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Table 1: Minimum inhibitory concentration (MIC, in 350 mg/ml) of crude extract

No| Tested Bacteria | Zore of inhibition growth Zone of inhibition growth by crude extract
ofleaves of C. edulis
bytetracycline
1 |P.areoginosa 11.5mm 8mm
2 |Saurous 8mm 4.5mm

4.1.2. Estimation of M IC and lethal dose

Our spectrometer results implied 350mg/mi
for Staphylococcus aurous and 340mg/ml

for

Pseodomonas aeruginosa were the

lethal dose of khat extracts as shown in

Drug Concentration

600

500

400

300

20 30 a0
MIC

50

fig2 and 3. Thesefiguwes shows that as
concentrations of crude extracted Catha
edulis increase, the inhibition effect on the
gowth of Pseodomonas aeroginosa and
Saphylococcus aurous aso increase.

60 70

Figure: 2. Antibacterial activity against Pseodomonas aeroginosa at various concentrations of crude
extract of leaves of Catha edulis
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Figure: 3. Antibacterial activity against Staphylococcusaureus at various concentrations crude extract

of leaves of Catha edulis
4.1.3. M easurement of Zone of Inhibition

Antimicrobial activity of leaves of Catha edulis
were evaluated based on the diameters of clear
inhibition zone surrounding the paper disks. If
there is no inhibition zone, it is assumed thet
there is no artimicrobia activity. Fig.4 shows
that representative disk diffuson plates with
intially our selected bacteria after 24 h
incubation. The diameter of inhibition zone of
Pseudomonas areoginosa was larger than that
of Saphylococcus aureus, indicating that
Pseudomonas areoginosa is more susceptible to
crude extract of leaves of Catha edulis than
Saphylococcus aureus. With regards to
diameters of the inhibition zones, crude extract
of leaves of Catha edulis demonstrated thet
effective inhibition on the growth of these
bacteria. Among two bacteria, Pseudomonas
areoginosa was dignificantly more susceptible
while  Saphylococcus aureus was more
resstart.

Zone of inhibition
‘—A'

The average sze of inhibition zones varied
from 5mm to 8.5nmm against Pseudomonas
areoginosa, ad 2 to 5 mm aganst
Saphylococcus aureus compare to standard
drug inhibition by tetracycline 6mm to 25mm
showed sSignificant  results. However, the
figure2 and figure 3 shows as the concentration
of crude extraction leaves of Catha edulis
increase, inhibition effect on the growth of
Pseudomonas areoginosa, and Saphylococcus
aurous were aso increased. This showed that
higner  antimicrobial  activity a  higher
concertration had clear inhibition zones. The,
inhibition zone sizes increased at a higher crude
extractions leaves of Catha edulis concentration
for most of the bacteria tested, which indicated
leaves of Catha edulis was more effective at
higher concentration against antibacterial.
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Figure: 4. Effect of Catha edulis on the Growth of Staphylococcus aurous and Pseudomonasareoginosa
at different concentration Bacteria by Disk Diffusion

4.2. Discussion

There are numerous studies that have explored
the antimicrobial activity of different medicina
plants from various natura resources by
employing diverse testing conditions. Although
C. eduliss widely studied for its psychoactive
properties, little work has been dore to test its
antimicrobial properties.

The resuits with the previous findings, which
demonstrated the antimicrobial properties of C.
eduis extract against bacteria (Porphyromonas
gngivalis, Tannerella forsythensis,
Streptococcus  pyogenes with the zone of
inhibition in the range of 10 to 14 mm at a
concentration of 10 mg per cm 3 but showed no

effect against either Staphylococcus aureus), or
yeast (Candida abicans) (Al-hebshi N, Al-
haroni M, Skaug N (2005)).

Our findings revealed that the crude extract of

Catha edulis exhbit antibacterial properties
against  Pseudomonas  aeroginosa, and
Saphylococcus aureus and we determined the
lethal doses were 350 and 340mg/ml
respectively. Our experiments also proved that
khat has some significant antibacterial property
compare to tetracycline. Our resuts also
implied that khat will be a potenta
antibacteril agent and can develop as an
antibiotic with further research.

5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

The findings of the present study were
demonstrated thet the potential of crude extract
of leaves of C. edulis against Gram-positive
(S.aureus) and Gram-negative (P. aeroginosa)
bacteria tested. This activity is the pathway of
developing an antibacterial agent able of
treating bacteria infections. Chemical activity
that found in leaves of C.edulis showed

5.2. Recommendation

Further studies should be conducted to isolate,
puify and identify bioactive principle(s)
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promising results against a tetracycline resistant
Saphylococcus aureus which represents an
important step for the search and development
of a new antibacteridl agent. Further
toxicologica and pharmacological studies  will
be useful to confirm of crude extraction leaves
of Catha edulis against antibacterial activity by
the same procedure or in other methods.

responsible for the antibacterial activities of the
plant.
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In vivo antibacterial studies of the crude and At last, the antibacterial activities of the plant
active solvert fractions should be conducted to should also be done on other bacterial species
corfirm the antibacterial effectiveness of the which were not addressed by this studly.

plant.
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Abstract

This study examined the attitudes of Adama Scienceand Technology Univer Sty prospective graduates towards
corruption. A total of 346 graduates of Adama Science and Technology University in 2014/15 G.C weres
selected using stratified, randomand systematic sampling techniques. Out of 346 randomly selected respondents,
286(86.1%) males and 46(13.9%) femalesfilled in the self-administered questionnaire adapted fromICAC
(1994). Thedata obtained wereanalyzed by usng descriptivestatistics The finding of this study revealed that
there were variations in understanding of corruption. Moreover, the students’ mind setup seems to be pre -
occupied with tendency toward corruption. Based onfindings of the study, it was recommended that, Ministry of
Education needs to integrate analysis of fundamental values and concepts related to the phenomenon of
corruption in to selected coursesthat arealready taught asto enablestudents of higher education to thoroughly
understanditsimpacts and strugglecorruption. Finally, other recommendations and suggestion werealso made
for further investigation.

Key terms: perceptions, attitudes, corruption, University, prospectivegraduates
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1. INTRODUCTION

1.1. Background of the Problem

Corruption has existed and constituted a serious
problem snce ancient civilizations. It is
experienced by all societies, in both developed
and developing countries (Egube, 2006 &
Faniel, 2009). In developing countries,
however, it is endemic due to the absence of
essertial  checks and balances between the
different centers of power (ESCPS (2012).
During an extensive period of time, corruption
was perceived as a kind of lubricant, or positive
incitement, in growing economics (Holmberg et
a., 2009). Nevertheless, the last decade of
public opinion surveys show that people
worldwide are surprisingly in an agreement
regarding the fact that corruption is vicious and
because of its socia, economic, political and
psychological implications (Mauro, 1995).

In line with this, ISSP (2004) identified thet,
corruption  perception coud have more
devastating effects than  corruption  itself,
because it generates a ‘culture of distrust”
towards some ingtitutions and may create a
cutural tradition of gft gving and hence,
raising corruption. On the other hand, African
Development Bank Group (ADBG, 2003)
identified that, individuals attitude towards
corruption are shaped by the social, lega and
economic systems of the countries they live in
as wel as ther everyday experiences of
corruption. In Africa corruption, it becomes a
mgjor governance challenge that has serioudy
impeded the continent’s development (AIMDG,
2008). It flourishes as luxuriantly as the bush
and the weeds which it so much resembles,
taking the goodness from the soil and
suffocating the growth of plants expensively

-172-

bred and tended (Wraith and Simpkins, 1963
cited in Faniel, 2009).

Individual perceptions of what is considered to
be corrupt are of interest because they can have
an impact upon the perpetuation of corrupt
practices (ESCPS (2012). According to
Hochschild (2005) perceptions of corruption
depend on where individuals are where they are
located both socialy and spatially and who they
are. Furthermore, strengthening the  above
concept, Independent Commission  Against
corruption  (ICAC) (cited in  Shimales,
2005.P.2) states,

If people do not recognize the
activity, which they may be
witnessing, or in which they may be
participating as “Corrupt” or at
least as “harmful” then they are not
likely to react to it as such. If they
do recognize the behavior as
corrupt, but believe that for
example, such  behavior s
appropriate given the
circumstances, they are also
unlikely to attempt to change the
behavior.

Institute of Educational Research (IER, 2001
cted in ESCPS (2012) dso dstated thet,
corruption in  Ethiopia become a serious
problem over the past few years and at higher
end of the scale in terms of the incidence and
magnitude. Similarly, The World Bank’s 2005
suvey showed that 40% of the businesses
surveyed cited corruption as one of the three
mgjor challenges to rumning a business in the
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small and mcroenterprises sub-sector. In its
2007-2008 as well as in 2009 annual report, the
World Economic Forums (WEF) Global
competitiveness Report aso identified
corruption as the fourth most problemetic factor
in doing business in Ethiopia (AIMDG, 2008).

Likewise, according to ESCPS (2012
conducted by FEACC, in Ethiopia, corruption
in the public sector was ranked the seventh
most serious problem next to access to safe

drinking water facing the country today.
Moreover the survey identified that, fraud,
trickery, embezzement; extortion, nepotism,

and theft were the principal features by which
corruption manifested in Ethiopia. Thus, these
indicate that corruption is still among the mgjor
problems in Ethiopia and more importantly, it
needs attention both from government and
citizers.

In line of this, researchers (e.g, Hallak and
Poisson, 2007, Heyneman, 2007) suggested that
in higher ingtitutions the presence of corruption
is a growing concern for the industry as it
influences its effectiveness and efficiency. As a
result, it may produce graduates whose sKills
and professional levels could be a danger to the
public sectors and industries. On the other
hand, as the purpose of education is to provide
a way for society to model good behaviour for
children or young adults, allowing an education
system to be corrupt may be more costly than
allowing corruption in other sectors; it contains
both immoral and llegal eements. It
undermines that would motivate young people
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to work hard and damages the ability of
education to serve a public good, most notably
the sdlection of future leaders on far and
impartial  bases (Rumayntseva, 2005). In this
sense, it contradicts one of the mgjor aims of
education, which is to transmit civic culture
together with values of integrity, equity,
farness and socia justicee. This has many
implications for the political, socia and
economic of the courtries.

Waite and Allen (2003) founded that, athough
corruption is widespread, the issue has not
gained substartial attention by scholars in the
field of higher ingtitutions students. In the same
way, Engudai (2011) has aso disclosed in her
findings about unethicadl behaviour and
improprieties  reflected by higher  education
indtitutions  students.  Such  improprieties  and
bad practices found in different sectors and
higher ingtitutions coupled with what would
seem influence students’ future behaviour as
they are potential entrant of various sectors and
industries, where people at large demands fair
services based on  transparency  and
accountability. Therefore, identifying students’
outlook towards corruption before entering
different sectors and industries has substantial
advantages for combating corruption in public
sectors from the grass root level across the
nation. Thus, this and the existing views
concerning the attitudes of university students
towards corruption are being intiated the
researcher to examine the attitudes of Adama
Science and Technology University graduates
towards corruption.
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1.2. Statement of the Problem

Corruption, the worst social evil on earth, has,
no doubt, become a mgjor global threat to the
sability and security of societies and the
flourishing of values of democracy, expansion
of ethica values, and enhancing sustainable
development (Faniel, 2009). Thus, corruption is
a pervasive cancer and a plague that invades al
sectors of society both in developed and
developing countries, though to varying degrees
(Atuobi, 2008).

Accordingly, various sources (e.g., Shimales,
2005; ESCPS (2012) in Ethiopia, though no
government ingtitution was reported to be free
from  improprieties, unethical acts and
corruption,  sStuation was  identified to be
relatively more serious in public institutions
such as sectors and agencies which are engaged
in the dlocation of land(Municipalities) and
government housing, the provison of telephone
services and electricity, granting of loans,
licensng and issuance of permis, collection of
taxes and procurement of consumable and fixed
assets. Likewise, customs and excise offices,
Finance, Judiciary, the police, Banks, Hiv/Aids
secretariat, construction sectors, as well as the
woreda and kebele administrations were aso
found to be highly affected by corrupt practices.
Worse situations noticed in these institutions
may be the reflection of the most senstive
services these offices have been providing to
the public (IER, 2001, ESCPS (2012). In line
with this, according to Shimales (2005.p.105)
states;

‘One major problem related to
corruption in Ethiopia is, the
popular misconception about it. To
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mentioned some as an example;
most newly recruited employees of
the Custom and Revenue Authority
came to the office with the wrong
impression and with the expectation
to enrich themselves illegally in a
short period of time. As a result,
some employees come to this office
leaving better salary anticipating

getting much more through
corruption. Such problem is, in
general, associate with  the

perceptions and attitude of the
society. Moreover, the attitude has
been much more reflected on
graduates recently recruited from
various colleges and universities’.

Even if a lot has been dore to take the edge off
corruption, ESCPS (2012) identified corruption
as one of the mgjor chalenges facing the
country. Likewise, athough there has been an
effort to include civics and ethical education in
the curriculum, over the last recent years, as far
as my experience and observation in higher
education ingtitution is concerning, this does
not guarantee that everyone who earns a degree
a a unversty is immure from choosing a
sector that is highly prone to commit corruption
instead of their genuine professional choice.

As a result, it is important to have a good
understanding of graduates’ attitudes as well as
of their overal reflection on corruption to
tackle. In addition, to the best knowledge of the
researcher, no previous studies seem to have
been conducted on the mind set up of university
students. Moreover, the attitudes of graduates’
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towards corruption has not yet been identified
and examned. So it is very instrumental to
check whether the corrupt act comes from the
pre-occupation of potential itinerant to the
sectors, and ther mnd has been built by the
corruption in society or not.

Therefore, the main purpose of this study was
to examne the attitudes of university students
towards corruption with reference to Adama

1.3.  Objectives of the Study
The general objective of the study was to assess
the attitudes of Adama Science and Technology
University graduates’ towards Corruption.

1.4.  Significances of the Study
It is clear that, today’s university students are
the potentialitinerant of public and private
sector, as wel as leaders of tomorrow.
Therefore, to fight corruption, examining the
atitudes of universty students  towards
corruption is indispensable.

Accordingly, this study will have the following
significances:
e Serving as an input for policy mekers,
curicuum  developers, experts, and
15. Delimitations

This study was delimted to cover Adama
Science and Technology University graduates
of 2014/2015 G.C from the regular classes. The
researchers were quite interested to assess the
problem and forwarded its solutions and
justifications.  Furthermore, this study did not
include post graduates and summer students as
they have aready been engaged in work life.
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Science and Technology University graduates
through investigation of their attitudes. It is
with this background of the problem statement
that, gpecificaly, this study was entirely
focused on answering the following research
guestions;
e What are the graduates’ preference areas
in securing their Jobs?
e What are the
towards corruption?

graduates’  attitudes

Ethics and Anti-Corruption commission
to know the perceptions and attitudes of
university students towards corruption
as managers and leaders of tomorrow.

e Serving as a source of reference for
others who would like to know more
about the attitudes of Universty
students towards corruption and it may
also serve as a spring board for further
studies in the area.

This study was delimted to the attitudes of
graduates towards corruption. This University
was chosen because of proximty of the
researchers to the study ste, the experience of
researchers in the study area and resource
limitations.
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2. RESEARCHMETHODOLOGY

2.1. ResearchDesign

The purpose of this study was to examine the
attitudes of Adama Science and Technology
University graduates of 2014/2015 G.C towards
corruption. For the purpose of this study, a
descriptive survey method was employed. Even
though the selection of research design depends
on the nature of the sudy, the research
problems being addressed and the resources
available for the study, there is an increasing
attention of using quantitative method as a
research strategy.

2.2.  Target Population

The target population of this study was
gaduates of Adama Science and Technology
Universty of reguar  program The
respondents were selected from five schools
(School of Engineering, School of Agriculture,
School of Humanity and law, School of Natural

23. Samples and  Sampling

Techniques

Determining an appropriate sample size to a

certain population under study is a very vita

issle in research because large sample sizes

may waste more resources, time and money and

small sample szes may lead to inaccurate

results. So, determining appropriate sample size
24. Sampling Procedures

With respect to sanmpling procedures, to select
sample respondents the researcher employed
sratified and systematic sampling techniques.
First, graduating respondents were idertified by
al sample schools and departments based on
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Science, and School of Busness and
Economics). Schools of Educational Sciences
& Technology Teachers and Hedth Sciences
were excluded from sanple due to the fact that
they have aready been engaged in work life
and absence of graduates respectively.

depends on the pupose of the study,
homogeneity or  heterogeneity  of  the
population, resources in terms of time and

money, level of precison (sampling error),
level of confidence (risk level) and degree of
variability (Israel,1992).

sex proportion. As a result, the sanple frame
was obtaned from the Regstrar of the
University and the sample size was determined
by lsrael (1992), to find out the respondernts
(sample sze) from the total population. Then,
by usng the students list, the respondents were
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taken through systemdtic
from sample departments.

random sampling

Accordingly, from the total 2502 respondents,
346 were taken as a sample of the study. Next,
the numbers of male and female respondents
from each department were obtained according
to the proportion of the population in each

2.5. Data Callection Instruments

In the study to investigate the perceptions and
attitudes of prospective graduates towards
corruption, two instruments were used to gather
pertinent  information.  These were  sef
administeredclosed ended guestionnaire
prepared in English that reflect the objectives of
the study. The questionnaire was adopted from
ICAC (1994) by the researcher. The
guestionnaire has two sections. The first section
comprised objectives and back ground of the
respondents. The second part consists of items
that can measure the variables (attitudes
towards corruption) in the study.
2.6. Data Collection Procedures

Following the pilot testing, every necessary
precaution such as securing permission to enter
research area (schools) and sanpling subjects
of the study were undertaken. The questionnaire
was administered to subjects by the researcher
together with a research assistant for fivedays
before and after classes within sufficient but
2.7. Pilot Testing

Pilot testing was conducted on a total of 30
participants (20 male and 10 female) students
were randomly selected from all schools. In this
case students were told how to give response to
the questionnaire that provided them and some
vague (questions, which forwarded by the
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siratum. Based on the gender proportion, the
researcher selected 298(86.1%), and 48(13.9%)
of male and female respondents respectively.
Finaly, the sample respondents were selected
from each stream using N value of systemetic
random sampling techniques. Therefore, the
return rate was very high 332(96%) and 14(4%)
were rejected due to significant missing values.

For the response formet items of the attitudes
towards corruption, this part has seven items
dedling with different aspects of questions on
reflections of students’ stances or attitudes
towards corruption in line with preference areas
of indtitutions in securing their job and also
twelve scales ranging from strongly agree to
strongly disagree. Again items were rated on a
four point Likert scale (4= Strongly Agree; 3=
Agree; 2= Disagree, 1= Strongly Disagree). In
the questionnaire, there were postively and
negatively sated items that were randomly
placed to reduce the effects of response bias.

specified period of time. In addition to what
was stated in the instrument, some concepts
were orally clarified during the administration
of the questionnaire. The respondents were
reminded to ask whatever doubt they might
have on the meanings of the items (words) and
additional explanations of the items were given.

students, had been made clear during the pilot
distribution.

The instruments were piloted to check the
clarity of the items and the internal consistency
of the instruments. To check the internal
consistency of the items of the questionnaire,
Cronbach-Alpha was calculated. Accordingly
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the apha coefficient for perceptions and
attitudes towards corruption items were found
to be 0.912 and 0.861 respectively.

Each item of these scales was validated by
experts in the area of psychology from Adama
Science and Technology Universty and Addis
Ababa Universty. Three of them have
unanimously agreed on the relevance of the
items for the desred target informeation.
Therefore, three, five and four items from

2.8.

Data collected through questionnaire was coded
and entered to computer by editing to avoid
some erors in the data collection. A computer
software known as Statistical Package for
Social Sciences SPSS/V.16 was used for
analysis. Before further analyses were carried
out, the genera characteristics of the data were

2.9.
Before starting to conduct the study, permission
were assured from the sdected study area
management  bodies. Ethical consideration was
taken into account so that the concern integrity
consents were protected. Essertially,
respondents were enlightened to know the

demographic variables, attitudes which lacked
clarity were discarded respectively. The clarity
of the items was further checked by the civics
and ethical education experts regarding
appropriateness of the items for the students. In

instruments, relevant  descriptions  were  given
for the words or expresson which was

suspected to be difficult for the respondents.
One language  expert  checked  the
appropriateness of the descriptions.

M ethod of Data Analysis and Procedures

tested. This was followed by an analysis of the
relationship of variables. For the data analysis,
both the quartitative and the qualitative
methods were used. The response obtained was
andyzed and presented using of snple
descriptive  datistics such  as  percentages,
frequencies, means and standard deviation.

Ethical Consideration of the Research

purpose of the study prior to responding to the
question. The selected study participants were
requested kindly permisson whether they agree
or not. Any information regarding this research
were corfidentialy protected and not to
exposed to anyone.

3. RESULTSAND DISCUSSION OF THE STUDY

3.1. Graduates’ Attitudes towards corruption

3.1.1. Students’ preference areas in securing their Jobs

This section deds with seven items on the
reflections of students’ stances in securing their
job related with attitudes towards corruption.
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3.1.1.1 Priority Area of Students to Study when they joined the University

Regarding priority area of students to study
when they joined the universty, among 332
total respondents, about 221(66.56%) of
respondents replied to join medicine and
engineering and 104(31.43%) of respondents
preferred Law, Business and Economics. Only,
about 7(2%) respondents have chosen others.
This implies that the students’ value most
inclined towards the above professons than
others like teaching. Previous studies in
Australia (CEPS, 2006) identified three types of

behaviours for corruption to take place. These
are pro-active behaviours, reactive behaviours
and stuational responses. Pro-active behaviours
are those behaviours that actively seek for
corruption which begins from selecting fields of
study a higher indtitutions up to selecting
organization in which they work. Likewise,
reactive behaviour’s which tend to commit
corruption whenever there is a chance to
commit it and finally Stuational response which
is influenced to commit corruption.

3.1.1.2 Basis of Student’s Preferences in Prioritizing their Study Area

Table.1: Respondents’ Basis of Preferences in Prioritizing their Study Area

Basis of student’s preferences i prioritizing F % Rank
thelr study area when joined the University
1 Employment opportunity 79 23.8 3
2 Expectation for high salary 100 30.1 2
3 Prestige 26 7.8 4
4 Persondl interest for the profession 127 38.3 1
Source: own field survey, 2014 F=Frequency

Regarding basis of students’ preferences in
prioritizing their study area when they joined
the universty in rank order, of al students,
about 127(38.3%), 100(30.10%), 79(23.8%)
and 26(7.8%) of respondents reported that they
were prioritized on personal interest for the
profession, expectation for high saary, on the
bass of employment opportunty and the
prestige of the study area has respectively (see
Table 1). It seems that most of the students

were inclined towards high sday ad
employment  opportunity than personal interest
for the profession during study area selection.
This finding is also consistent with Tina (2002)
report that individual job decisons can be
affected by corruption. Talented youth apply for
bureaucratic jobs instead of more scientific
professions, in order to extract rents, especially
where it is pervasive, corruption can deter
honest people from entering government
services honestly.

3.1.1.3. Preference Areas of Students to Work After their Graduation

With respect to the preference areas of students
to work after their graduation, the students were

asked to rate five (1-5) indtitutions in order of
respondents’ priority (1%, 2"4, 39 4" gndsth
choices) from the given alternatives, the public
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sectors they want to work after their graduation.
As a resut, the inditutions the respondents

indicated as their 1%, 2"9, 39, 4™and5!" choices
were indicated below (Table 2).
Table.2: Respondents’ Institutional Choices from the 1 to 5"'A ccording to their Priority

Indtitutions ~ SOE SOA SOHL SONS SOBE Tota
Choice F % F % F % F % F % F %
1% Custom 18 54 4 12 14 42 11 33 72 217 119 358
Municipalit 64 193 1 03 1 03 2 06 1 03 69 20.8
Y 11 33 1 03 1 03 0 O 4 12 17 5.1
Int’al NGOs
2nd Int’al NGOs 50 151 16 48 14 42 5 15 22 66 107 322
Custom 11 33 0 O 2 06 4 12 17 51 34 102
Municipalit
y 21 63 0 O 0 2 06 8 24 31 93
3d Municipalit 74 223 13 39 4 12 0 O 23 69 114 343
Y 11 33 3 09 0 O 5 15 5 1.5 24 7.2
Investment
15 45 0 O 3 09 2 09 23 69 23 69
Custom
4 Eth-Air 25 75 2 06 7 21 9 27 17 51 60 181
lines
20 60 4 12 1 03 2 06 12 36 39 11.7
Int’al NGOs
Ethio- 14 42 0 O 0O O 1 03 8 24 23 6.9
Telecom
5" Ethio- 25 75 2 06 1 03 4 12 27 81 59 17.8
Telecom
10 30 3 09 2 06 1 03 7 21 23 6.9
Municipalit
y 6 18 0 O 3 09 0 O 9 27 18 5.4
Eth-Air
lines

Source: Own field survey, 2014 Int’al NGOs = International NGOs F=Frequency

SOE= School of Engineering, SOA= School of Agriculture SONS=School of Natural Sciences
SOHL= School of Humanities & Law,
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Regarding preference areas of students to work
after their graduation, about 5.4%, 1.2%, 4.2%,
3.3% and 21.7% of school of Engineering,
school of Agricuture, school of Humanities
and Law, school of Natural science and school
of Busness and Economics of respondents
respectively reported that they want to be
employed in Custom and Revenue Authority as
their first choice (Table 3). Similarly, about
15.1% from school of Engineering, 4.8% from
school of Agricuture, 4.2% from school of
Humenities and Law, 1.5% from school of
Natural science and 6.6% from school of
Busness and Economics respondents rated
International NGO’s as therr second choice
institution.

Out of al 332 respondents, 22.3% from school
of Engreeringg 3.9% from school of
Agriculture, 1.2% from school of Humanities
and Law, 0% from school of Natural sciences
and 6.9% from school of Busness ad
Economics  showed  their interest in
Municipality astheir third choice institution.

With respect to preference areas of students to
work after their graduation, 7.5% from school
of Engreeringg 0.6% from school of
Agriculture, 2.1% from school of Humanities
and Law, 2.7% from school of Natural science
and 5.1% from school of Busness ad
Economics rated Ethiopian —Airlines as their
fourth choice. Finally, about 7.5% from school
of Engneering, 0.6% from school of
Agriculture, 0.3% from school of Humanities
and Law, 1.2% from school of Natural science
and 81% from school of Busness and
Economics rated Ethio-Telecom as their fifth
choice. Gererally, from the above data, out of
332 respondents 35.8%, 32.2%, 34.3%, 18.1%
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and 17.8% of respondents were showed their
interest  in Custom and Revenue Authority,
International NGO’s, Municipality, Ethiopian —
Airlines and Ethio-Telecom respectively. From
the above figure, it can be concluded that,
despite the irrelevance of their field of study,
consderable number of students has chosen
institution which is potential area for corruption
and improprieties. It seems that there is high
tendency of students aspiring to join institutions
either which has attractive salary payment or
high opportunity for rent-seeking. Moreover,
this indicates that a student psychological
meke-up has been pre-occupied to commit
corruption.

This finding is similar with Tanz (1998) which
sated that in corrupt ervironment, able
individuals allocate their energies to rent-
seeking and to corrupt practices, and not to
productive activities. Furthermore, the
researcher argued that in Stuations where rent-
seeking provides more lucrative opportunities
than productive work does, the alocation of
talent will be worse; taented and highly
educated individuals will be more likely to
engage in rent-seeking work than in productive
work, with adverse consequences for ther
courtries growth rate. Moreover, Klitgaard
(1988), and Caiden and Dwivedi (2001) in
their organizational culture theory state that
once an organizational cuture (or country) is
corrupt, every person who comes in contact
with it also runs a big risk of becoming corrupt.
Therefore (and interestingly enough) corruption
itself seems to be the ‘cause’ of corruption
(even though the specific causal relationship is
hard to define). Not becoming corrupt in certain
organizational cultures means betraying the
group (Punch, 2000).
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3.1.1.4. Reasons for Students to Select Institutions in which they want to Work After Their

Graduation

Table.3: Respondents’ Justifications in Institutional Selection after their Graduation

Reasons for students to select ingtitutions in which they want F % Rank
to work after thelr graduation

1 Socia interaction and experiences which hep me to be 105 31.6 2
familiar with diverse busness owners and transactions, SO
that | can learn how to create my own business in the future

2 Attractive payments so that | can fuifil my financial needs 147 44.3 1
with in short period

3 The popularity of the organization in its service provision, 68 20.5 3
employee treatment and managerial skills

Source: own field survey, 2014 F=Frequency

Concerning reasons for students to  select
ingtitutions in which they want to work after
their graduation, the study revealed that the
mgjority (44.3%) of respondents indicated their
reasons is to get attractive payments so thet
they can fulfil their financial needs with in short
period, about 31.6% for social interaction and
experiences which help them to be familiar with
diverse busness owners and transactions, o
that they can learn how to create their own
business in the future (Table 3).

This finding is consstent with what Rose-
Ackerman (1978) stated that, the public choice
theory which is centred in the individual corrupt

official who tries to maximize his or her utility
clams that, public officials are corrupt for a
snple reason: they perceive that the potertia
benefits of corruption exceed the potential
costs. Furthermore, klitgaard (1988) dates that,
if the benefits of corruption minus the
probability of being caught times its pendlties
are greater than the benefits of not being
caught, and then an individual will rationally
choose to be corrupt. This theory can be
expanded when conditions that influence the
cost- benefit calculations are taken into accourt.
Collier (2002) aso indicated thet, in the public
choice theory, actions of corrupt officids are
caused by a rational, conscious and deliberate
weighing process of an individual

3.1.1.5. Approaches of Graduates in Searching For Job after Graduation

With regard to reasons for students to select
ingtitutions in which they want to work after
ther graduation , the data gathered from
students indicted that, about 147(44.3%)
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reported that their choice is because of
atractive payments so that they can fulfil ther
financial needs with in short period, whereas
105(31.6%) sad that a socia interaction and
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experienced with help them to be familiarly
with diverse business owners and transactions,
so that they can learn how to create their own
business in the future, and about 68(20.5%) of
respondents were replied that the popularity of

the organization in its service provision, another
reason for choosing their future ingtitution are
employee treatment and manageria skills. The
remaining 12(3.6%) responded other options
(Table 4)

Table.4: Respondents’ Approaches in Searching for Job after Graduation

Approaches F % Rank
1 Approach through friends and relatives 111 334 2
2 Competing for relevant vacant positions 145 43.7 1
announced
3 Paying some payments that do not harm my family 21 6.3 4
4 Examining or assessng market gap, so that 55 16.6 3
| would start my own business
Source: field survey, 2014 F=Frequency
Similarly, regarding approaches of graduates in perceive. This finding is consistent with

searching for job after graduation, of 332
respondents, 145(43.7%) preferred competing
for relevant vacant postions announced,
111(33.4%) preferred approach through friends
and relatives, 55(16.6%) preferred examining or
assessing market gap and 21(6.3%) paying
some payments that do not harm therr family
(Table 4). Therefore, one can understand that
some of the students showed positive attitude
towards bribe and nepotismThis shows that
students are inclined towards what they

3.1.1.6. Bodies With Whom Discussions Were M ade

Engudai (2011) finding that unethical behaviour
and improprieties reflected by higher education
ingtitutions  students. With respect to this Gradf,
(2003) dtated thatabout the occurrence of
corruption in the existence of people with faulty
(moral) character ‘bad apples’, is a causal chain
from bad character to corrupt acts. Therefore,
corruption is found in defective human
character and predispostion toward criminal
activity.

Table.5: Respondents’ Opinion Regarding With Whom Discussions Made

Categories F % Rank
1 Friends 191 575 1
2 family members 29 8.7 4
3 with fellow studentsinthe class 32 9.8 3
4  with government corruption prevention 39 117 2

agent
5  Teachers’ 24 7.2 5
Source: own field survey, 2014 F=Frequency
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In line with bodies with whom students were
made discussions, respondents replied that,
about 191(57.5%) made with their friends
(colleagues), 39(11.7%) with  government
corruption prevention agent, 32(9.8%) with
fellow students in the class, about 29(8.7%)
with their famly members and the remaining
24 (7.2%) of respondents replied that they made
discusson with their teachers (Table 5).
Though famly and teachers are crucia
individuals to bring about behavioural changes

to fight against corruption, it was found thet
both famly and teachers have very limited
communications  about corruption  with
respondents.  Previous sudies (1 eg,
Rumayntsak, 2005) stated that, as the purpose
of education is to provide a way for society to
model good behaviour for children or young
aduits, tolerate an education system to be
corrupt may be more cosly than allowing
corruption in other ingtitutions; it contains both
immoral and illegal elements.

3.1.1.7. Attitudes of Students’ Regarding Corruption

In understanding corruption for each of the
three items, those who agreed or strongly
disagreed were acknowledging a narrow
defintion or lack of understanding of
corruption, whereas in  behaviours which
consdered to be acceptable, for each of three
statements, those who agreed or strongly agreed
were expressing a broader range of what
conddered to be acceptable behaviour by

individuals. Simillarly, with respect to mord
condemmation of corruption, for each of the
three items, those who responded agreed or
srongy agreed were expressng  mora
condemation  of  corruption and  lastly
concerning reporting corruption, for each of the
three statements, those who agreed or strongly
agreed were expressing problems associated or
no value with reporting corruption.

Table 6: Summarized Results of Attitudes towards Corruption in Terms of Frequencies and Percentages

Attitude statements Disagree Agree
SD A SA
D
a. Understanding corruption F % F % F % F %
1 A gven behaviowr must be unlawfu for it to 68 205 52 157 111 334 101 304
be corrupt.
2 If something is done for the rigtt reasons, it 38 114 76 229 105 316 113 340
cannot be called corruption.
3 You camot cal something corrupt 32 96 50 151 125 377 125 377
everybody doesit.
b. Acceptable behaviours
4 The government can afford to sustan mnor 54 163 72 217 132 398 74 223

theft without worrying abot it.

184



Amano Genemo & Kassim Kimo

There is nothing wrong with public servants
recelving gifts from a customer to speed up
efficient service.

As far as the job gets done efficiently, I don’t
mind how public servants go about receiving

43

6.0

13.0

34

80

10.2

24.1

85

95

25.6

28.6

193

114

58.1

34.3

incentives.

o

M oral condemnation of corruption

7 Those who take as well as those who gve

bribes should be condemned.

8 Even if |1 were forced by the stuation, | would

not give grease money (facilitation paymert).

9 Doing favours for public officials has severe

impact on my life.

253 105 316 50 151 93

151 107 322 89 26.8 86

199 79 238 95 28.6 92

d. Reporting corruption

10

There is no point in reporting corruption

96

because nothing useful can be done abot it.

11
suffer the cost.
12

reporting.

People who report corruption are likely to

Most corruption is too trivial to be worth

33

58

289 65 196 89 268 82

99 55 166 120 361 124

175 92 277 122 367 60

Source: own fidd survey, 2014 SD=Strongly Disagree SA=Srongly Agree  F=Frequency

Table.6, presented that, regarding attitudes
towards understanding corruption, itens 3, 2,
and 1 the mgjority of respondents agreed by
75.4%, 65.6%, and 63.8% respectively on each
item.  Similarly, concerning attitudes towards
corruption of the range of behaviours which
considered to be considered acceptable for item
5, 6 ad 4 about 83.7%, 62.9% and 62.1% of
the respondents agreed respectively. Responses

The findings of this study revedled that the
mgjority of respondents  indicated  their
agreement to the items related to understanding
corruption.  Accordingly, those who agreed
were not acknowledging a broader definition of
corruption. Therefore, the respondents have no
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to the items 8, 7 and 9 presented in the
Table.18, regarding attitudes towards moral
condemnation of corruption, about 56.3% and
52.7% agreed respectively, while 56.9%
disagreed. With respect to responses on the
three items of attitudes towards reporting
corruption (items, 11, 12 and 10) 73.4%, 54.8%
and 51.5% of respondents agreed on each item
respectively.

relatively  broad  potential  defintion  of
corruption.  Most  respondents’  definitions
appear to be limted to either legal definitions
or the criteria of the end justifying the means
and common practice accepted as sufficient to
exempt behaviour from the possibility of being
corrupt.

28.0

25.9

27.7

24.7

37.3

18.1
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Those who agree with these attitudes statements
are saying that they consider such justifications
to be legtimate. This finding is inconsistent
with that of ICAC (1993) who found that the
mgjority of respondents believe that behaviour
can be corrupt even if, it is not specifically
prohibited by law, the ends justify the means
and everybody does it. As a resuit, a belief that
such justification is not acceptable, as indicated
by disagreeing with these attitude statements,
assists in minimizing corruption.  In addition,
OEACC (2013) stated that “’what is wrong is
wrong, even if everyone is doing it. Right is
still right, even if no one else is doing it”.
Therefore, there is no right way to do the wrong
thing. Since it is difficut to control others
unethical decisions, al individuals should focus
on that which they can control, their own
ethical behaviour.

This sudy finding revealed that regarding
students’ attitudes about what are acceptable
behaviours, the mgority of the respondents
indicated their agreement. This implies that, the
respondents expressed a broader range of what
they consdered to be acceptable behaviour,
(that is, a narrower understanding of
unacceptable behaviour). Even though people
al over the world believe corruption is morally
wrong, some types of corruption are dill
perceived as more acceptable than others. The
forms of corruption, which are perceived as
more acceptable or less acceptable, can vary
among different contexts and potentially also
among different  policy areas (Kaufrmann,
2002).

Furthermore, it was found that most of the
respondents condone receiving illegal extra
incentives from the customer and tolerated the
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existences of petty theft. As previously reveaed
in the literature, about workplace crime
suggests that people may rationalize or excuse

activities  otherwise  defined as  corrupt
(Horning, 1970). Similarly, in  some
environments,  behaviour which  might be

labelled as corrupt is simply ‘taken for granted
‘by the community (Malec and Gardiner 1987,

P.277). For example, Graonbeck ( 1990)
described behaviours’ such as ¢ graft,
kickbacks, overzealous promotion through

meritocracy, such founds which have public
effects without public accountability ( and)
favours which bypass normal channels’ as ¢
behaviours’ which may people take as part of
the everyday cost of government’ ( P.174).

Others (for example, Deakin University, 1994,
P.35) have suggested that there is genera
community acceptance that’ petty pilfering of
stock and equipment from employers is fair
game dmogt afringe benefit for employee.

From this study anayss, it was found that
concerning moral condemnation of corruption,

the respondents’ opinions were slightly fairly
divided. When the responses of each of the

three items combined about 50.7% of
respondents agreed with the idea, whereas
49.3% of respondents reflected  ther
disagreement.  Therefore,  till  considerable
numbers of respondents  were  expressed

tolerance of corruption incidents. This seems
that there is a postive tendency towards
tolerance of  corruption among  some
respondents. This might be resulted from less
sengitivity of the respondents due to fear of
reprisals.

Regarding attitudes to reporting corruption, this
study finding indicated thet the mgjority of
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respondents agreed with the statement ° there is
no point in reporting corruption because
nothing useful will be done about it’, people
who report corruption are likely to suffer the
cost and most corruption is too trivial to be
worth reporting. Therefore, for each of these
statements, those who agreed expressed their
little value in reporting corruption. This finding

Is condstent with that of (ESCPS,2012)
reported that there was some reluctance on the
part of citizens to get involved directly in
reporting incidents of corruption to which they
may be witness. A mgor factor for this
reluctance seemed to be fear of reprisas
whether physical or psychological.

4 CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion

There was individual variation in the
combinations of perceptions of scenarios which
were considered the behaviour as corrupt. Thus,
the respondents’ understanding of corruption
may not be shared by his or her colleagues. It is

apparent  that, lack of commonaity of
uderstanding adds to the difficuty of
cortroling  corruption. Hence, from the

findings, it can be concluded that prospective
gaduating students differ in the way they
perceive corruption.

From the resuit, it can be concluded that, the
mgjority of respondents were not ready to
report  corrupt  behaviours internally  or
externally and more likely to say that they
would do nothing for corrupt behaviour. This
implies thaet, it is not possble to assume that
once behaviour is idertified as corrupt, people
will  necessarily taken action about it
Respondents were aso dgnificantly more likely
to report the matter outside organization than
within their organization. It seems this might be
resulted from fear of retaliation.
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Despite the irrelevance of their fields of study,
consderable number of students has chosen
cussom and revenue Authority, International
NGO, Municipdity, Ethiopian- Airlines and
Ethio-Telecom indtitutions, which is  either
highly potertial area of corruption or attractive
sdary payment. This indicates that a student
psychological make-up has been pre-occupied
to commit corruption.

In this study, the finding reveds that, the
mgjority of respondents were limited on legal
defintion than social definitions of corruption,
judtifications for the end justify the means and
‘everybody does it‘. Therefore, it can be
concluded from finding that, behaviour which is
not specifically prohibited should be allowed.

The mgjority of respondents condone petty theft
and receiving extra illegal  incerntives.
Therefore, this indicated that there is high
tolerance of petty theft, bribes and nepotism
This is therefore; it implies that there is a
postive tendency of respondents towards
corruption.
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4.2 Recommendations

On the basis of finding of the study, the following could be recommended.

5.2.1. Short Term

The  community of  higher  education,
particuarly the leadership of higher education
and ingtructors, needs to be models for students,
show their determination against corruption,
and produce followers by distancing themselves
from corruption and malpractices.

The mass media could play a pivota role in
creating a citizen that does not crave for
corruption, and in changng the views of the
society as well as in exposing corrupt persons
by organizing enligntening programs  using
notable quotes and proverbs that enrich the
society’s consciousness on the one hand and
mortifying and isolating corrupt persons on the
other hand by usng legaly confiscated
properties as an illustration.

Some sectors, such as Revenue and Custonms

Authority, Land Admnistration unit of the
522 Long Term
Before  students  graduate  from  higher

education, the Ministry of Education needs to
design curricula for professonal ethics to be
offered as a course in al fields of study so as to
help students have love for their profession, and
offer continuous training that helps teachers
become models for their students, and
conducting continuous evaluation for results.

The promotion of ethics in society right from
the begnning is indispensable in order to
eradicate corruption. On top of the promotion
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Municipality, =~ Telecommunication, HIV/AIDS
Secretariat and the like, could meke relentless
efforts not to be prone to corruption and
malpractices, and should be seen as exermplary
by the society in providing speedy and
corruption free services. In addition, the fight
against corruption should not be left to the
anticorruption  commissons  alone, but the
management and workers of all sector offices
should indtitutionally work — determinedly  to
meke their  indtitutions  corruption  and
malpractice free.

The government needs to maeke payments to
various sector offices in proportion to the
buden of services they provide, the
government should also narrow the gaps in
payment between these sector offices.

of ethics in society, in order to produce a citizen
who is equipped with good discipline, and who
cannot tolerate corruption, the responsibility
and role of parents to bring up children, who
are the hopes of future, with good discipline is
irreplaceable.  This is because; children learn
bad and good disciplines from thelr parents.
Therefore, to enable children to achieve their
goas and to become productive citizens,
families need to be gve due attention to their
children’s discipline. In that sense, the fight
against corruption is a long-term battle, and
begins with the family unit.
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