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Study on alternative technologies for the production of tomato during the rainy season in sub-
humid climate of Bahir Dar, Ethiopia

Melkamu Alemayehu1* and Getachew Alemayehu1

1 Bahir Dar University, College of Agriculture and Environmental Sciences

ABSTRACT
Tomato production is not common during main rainy season, especially in sub-humid climatic conditions like 
in Bahir Dar. Therefore, an experiment was conducted to study the production potential of tomato using rain-
shelter and management practices during the 2013 rainy season (June-October) in Bahir Dar. The experimental 
treatments were laid down in split-plot-design at three replications, where with and without plastic rain-shelter 
were assigned as main plots and management practices (fungicide and stalking) as sub-plots. The results revealed 
that tomatoes grown in protected structure were significantly (P<0.01) longer (100.5 cm), had more branches 
(8.9) and flowered earlier (49.1 days) than those grown under open field condition with the mean values of 
50.9 cm, 6.3 and 54 days, respectively. Incidence and severity of late blight and yield of tomatoes were also 
influenced significantly by growth conditions, management practices and their interactions. Tomatoes grown 
under rain-shelter structure produced significantly higher total fruit yield (31.3 t ha-1) and exhibited low disease 
incidence (16.7%) and severity indexes (26.7%) on leaves and as well as on fruits with the mean values of 22.4% 
and 37.9%, respectively. Similarly, sprayed and staked tomatoes produced the highest marketable (35.2 t ha-1) 
and total (41.8 t ha-1) fruit yields and exhibited significantly lower late blight incidence and severity. In rain-
shelter structure, the management practices had similar effects on both disease and yield parameters, where 
higher yield and lower late blight incidence and severity were generally observed. In open field condition, 
however, only sprayed and staked tomatoes exhibited lower late blight incidence (23.3%) and severity (24%) 
on leaves and fruits with the mean values of 39% and 40%, respectively. The highest marketable yield (36.4 t 
ha-1) obtained from such tomatoes in open field condition was statistically similar with the yield obtained from 
the corresponding treatment in rain-shelter structure (34.1 t ha-1). Generally, the present findings showed that 
rain-shelter technology reduced incidence of late blight and thus it can be used as alternative technology for the 
production of tomato during the rainy season in and around Bahir Dar. Moreover, tomato can also be produced 
in open field using improved management practices such as staking and spraying with appropriate fungicides 
against late blight and similar diseases. Further research is required to select tomato varieties suitable for rain-
shelter technology as well as to optimize frequency of pesticide applications as their application may have 
residual effect on fresh vegetables like tomato. 

Key words: Disease incidence, growth condition, late blight, rain-shelter, Ridomil, staking
DOI: http://dx.doi.org/10.4314/ejst.v10i1.1

INTRODUCTION

Tomato (Lycopersicon esculentum Mill) is one 
of the most economically important edible and 
nutritious vegetable crops in the world that belongs 
to the family Solanaceae. It supplies several 
nutrients of high nutritional values in human diet 
(Agarwal and Rao, 2000; Willcox et al., 2003; 
Borguini et al., 2009; Midas, 2013). Its production 

is steadily increasing in the last ten years 
worldwide. The current world tomato production 
reached to more than 163.4 million tons cultivated 
on more than 4.6 million hectares of land  (FAO, 
2016).
Tomato is widely cultivated in tropical, sub-
tropical and temperate climates. The crop requires 
warm weather and abundant sunshine for its 

______________________________
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best growth and development.  Both vegetative 
and reproductive growths are affected by lower 
temperatures. Extended exposure of tomato to 
temperatures at 12oC or lower can cause chilling 
injury.  Furthermore, tomato requires uniform 
moisture supply and well-drained soil. Therefore, 
in temperate and sub-tropical climate where the 
environmental conditions are unsuitable especially 
during the winter season, tomatoes are produced 
under protected structure, whereas in tropical 
countries, they are mostly cultivated in open field 
(Kelley et al., 2014).    

The climatic and soil conditions of Ethiopia are 
suitable for the production of a wide range of 
tropical and subtropical fruits and vegetables 
including tomato. Tomato is mainly cultivated 
by smallholder farmers as cash crop in mid- to 
low-altitude areas of Ethiopia for both local 
consumption and regional export markets. Small-
scale commercial production of tomato is also 
practiced especially in central Rift Valley region of 
the country (EIAR, 2007).

Although Ethiopia has huge potential, the production 
and productivity of tomato in the country is very 
low. According to CSA (2013), the annual average 
tomato production in Ethiopia is estimated to be 
about 55,514 tons which is harvested from  about 
7,237 hectares of land. Lack of improved varieties, 
poor and traditional agronomic practices and high 
disease and insect pest incidences are the major 
constraints of tomato production in Ethiopia. 
Moreover, especially in humid- and sub-humid 
areas of the country, tomato production is not 
common during the rainy season mainly due to high 
incidence of late blight (Phytophthora infestans 
(Mont) de Bary) due to high humidity. In these 
areas, tomato is cultivated mainly during the dry 
season using irrigation with resultant inadequate 

supply of tomato in the period of July to October 
that increases the price up to ten folds. The direct 
contact of plants with rain drops, coupled with other 
predisposing factors such as favorable temperatures 
and high relative humidity make the environment 
suitable for the development and spread of diseases 
including late blight (Agrios, 2005) which restrict 
the production of tomato in such areas (Palada et 
al., 2003; Kratky, 2006; EIAR, 2007; Kelley et al., 
2014). 
Recently rain-shelter technology is developed 
and promoted in various countries of the world 
including Africa as alternative production system 
for tomatoes and similar vegetables in humid 
and sub-humid climates. The technology reduces 
the predisposition of tomato plants against late 
blight and other similar diseases as indicated by 
various researches (Palada et al., 2003; Kratky, 
2006; Srinivasan, 2011; Wani et al., 2011). Hence, 
such technology is being promoted in the last few 
years in some African countries for the production 
of tomatoes during rainy season in humid-,and 
sub-humid climates (KHDP, 2007; RESCAP, 
2011). Conversely, vegetable production under 
protected structure is not a common practice in 
Ethiopia. Only floricultural plants like roses are 
produced recently in greenhouses  (Van der Maden 
et al., 2011). The use of this technology for the 
production of vegetables is a new initiative in 
Ethiopia which may help to improve the supply 
of fresh vegetables throughout the year and thus 
contributes to the improvement of livelihood of 
smallholder farmers in humid and semi-humid 
areas. The objective of this study was thus mainly 
to assess the potentials of producing tomato during 
the rainy season in Bahir Dar using transparent 
plastic rain-shelter and management practices such 
as staking and spraying of appropriate fungicides 
against late blight disease. 
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MATERIALS AND METHODS

Description of the Study Area

The experiment was conducted during the main 
rainy season of 2013 at Kiflemariam`s Fruit and 
Vegetable Farm in Bahir Dar, Northwestern of 
Ethiopia. The experimental site is located at 
1106`N latitude and 37038`E longitude and at 
an altitude of 1980 m.a.s.l. The mean monthly 
temperature of the study area during the 
experimental period (June-October) was about 
19.3OC with the mean maximum and minimum 
temperatures of 25.5OC and 13OC, respectively, 
whereas that of rainfall was about 248.8 mm 
(Personal communication with Ethiopian 
Meteorology Agency, Bahir Dar Branch).

Experimental Materials, Treatments and Design

“Roma VF” variety of tomato was used for the 
experiment. The variety is produced commonly for 
fresh as well as processing industries in Ethiopia 
(EIAR, 2007). The effect of four management 
practices (spraying and stalking, non-spraying 
and stalking, spraying and non-stalking, and 
non-spraying and non-stalking) on growth and 
yield performances of tomato were compared 
under rain-sheltered and open field conditions.  
A broad spectrum fungicide, Ridomil-gold, 
was applied against late blight disease with the 
concentration of 4 kg ha-1 at 7-10 days interval 
after transplanting until 10 days before the first 
harvest as recommended by Lemma Dessalegn 
et al. (2003).  Rain-shelter structure with the size 
of 12 m x 14 m was made using locally available 
construction materials and covered with white 
plastic sheets (10 micrometer thickness) to protect 
experimental plants from rainfall. The height of the 
structure was 4 m at the center. Side walls were 
kept open during the day time for the purpose of 

aeration and humidity control. The experimental 
treatments were laid out in split-plot design at 
three replications. Growing conditions (rain-shelter 
structure and open field) were assigned in main 
plots and management practices were assigned in 
sub-plots. The size of each experimental plot was 
5.76 m2. 

Management of Experimental Plants

Seeds of “Roma VF” variety were sown in rows 
of 15 cm on 1m x 5m well prepared seedbed and 
covered with light soil. The seedbed was mulched 
with grasses and regularly watered using watering 
can to keep the soil moist. After emergence, 
mulch was removed and nursery over-shade was 
constructed to protect tomato seedlings from 
strong sunlight.  

At first true leaf stage, seedlings were thinned at 3 
cm within rows. Finally, well hardened healthy and 
strong tomato seedlings at 2-3 true leaves stage 
were carefully transplanted to the experimental 
plots  using the recommended spacing of 40 cm 
within rows and 60 cm between rows (EIAR, 
2007). Transplanted seedlings were provided with 
inorganic fertilizers of Diammonium Phosphate 
(DAP) and Urea at the rate of 69 kg ha-1 P2O5 and 
64 kg ha-1 N, respectively. The whole phosphorous 
fertilizer was applied at transplanting whereas 
nitrogen was applied in two equal splits.  The first 
half was applied after the establishment of the 
seedlings (ten days after transplanting) and second  
half was applied forty days after transplanting as 
side dressing as described by Lemma Dessalegn 
et al. (2003). Experimental plants were sprayed 
with broad-spectrum insecticide, namely Sevin ® 
80WSP Carbaryl at the concentration of 2 kg ha-1 
uniformly to control insect pests as recommended 
by Lemma Dessalegn et al. (2003). Tomato plants 
grown in open field were cultivated with natural 
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rainfall whereas plants in rain-shelter structure 
were irrigated with watering can uniformly as 
required. All other management practices in the 
nursery as well as in the experimental field such as 
weeding and soil cultivation were done according 
to the recommendation of EIAR (2007) and kept 
uniform for all experimental plots. 

Data Collection and Analysis

Data on growth parameters, disease incidence and 
severity caused by late blight on leaves and fruits, 
and yield of tomato were collected. All parameters 
were collected from net plot area of 1.92 m2 by 
excluding the border effects. Data of important 
parameters were collected using standard methods 
and procedures as given below.
Plant height (cm): Plant height at first harvesting 
was measured from five randomly selected plants 
in each net plot using meter from the ground level 
to the main apex of each plant and the average 
height was taken for further analysis.
Number of primary branches per plant: Number 
of primary branches per plant was recorded from 
five randomly selected plants per plot by counting 
during first harvest growth stage and means were 
used for analysis.
Days to 50% flowering: Number of days was 
counted from date of transplanting to date of 50% 
of plants in each net plot flowered. 
Days to first harvest: It was assessed by counting 
the number of days from date of transplanting 
to date of 50% of plants in each net plot reached 
harvest maturity. Fruits were ready for harvesting 
when they attained pink stage (30-60% yellow or 
red) as indicated by Rai and Yadav (2005).

Marketable and unmarketable yields (t ha-1): At 
each harvest, fruits were categorized as marketable 
or unmarketable fruits. Bruised, damaged, small-
sized (2.5-3.5 cm in diameter) and sun burnt fruits 

were considered as unmarketable as indicated by 
Lemma Dessalegn et al. (2003). Fruits free from 
visible damages and having diameter greater 
than about 3.5 cm were considered as marketable 
and the average yield was then taken for further 
analysis. 
Total yield (t ha-1): The average total yield was 
obtained by adding marketable and unmarketable 
fruit yields.
Disease incidence (%): It was assessed by 
counting diseased plants in net plot area and 
expressed as percentage. In case of fruits, diseased 
fruits from randomly selected ten fruits during 
each harvest were counted and expressed as 
percentage of the total fruits inspected.
Disease severity index (%): Five plants per plot 
were selected randomly from each replicate per 
treatment, and then five leaves of each plant were 
used to determine the disease severity. In case of 
fruit severity, ten fruits were selected randomly 
and their disease severities were determined.  
Disease severity was recorded on the base of 1-5 
rating scales, where scale 1= trace to 25%, 2= 26-
50%, 3= 51-75%, 4= 76-99%, 5= 100%  and then 
the rating scales were converted into percentage 
severity index for the analysis using the formula 
indicated by Mohammed Amin et al. (2013). 
 
DSI = (Sum (n)/ (a x b)) x100
Where 
DSI = Disease severity index (%)
n = individual numerical ratings; a = total number 
assessed; b = maximum score in scale
The collected data were tested for their normal 
distribution and homogeneity and subjected to 
analysis of variance (ANOVA) using Statistical 
Analysis System (SAS) software version 9.1. 
Based on ANOVA results, treatment means were 
further separated using least significant difference 
(LSD) at 1% or 5% probability level.
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RESULTS AND DISCUSSION

Growth Parameters

Plant height

Protection of tomato plants with rain-shelter 
as the main effect increased the plant height of 
tomatoes significantly (P<0.01) compared to 
open field with the mean values of 100.5 cm 
and 50.9 cm, respectively (Table 1). However, 
management practices as the main effect didn’t 
have significant effect on the plant height of 
tomatoes. Similarly, the interaction of growth 
conditions and management practices didn’t show 
significant influence on the height of tomato (Data 
not shown). 
The increase of tomato plant height in rain-shelter 
condition would probably be associated with the 
improved growth conditions including temperature 
during rainy season that in turn promote the 
growth and development of the plants. This 
argument is in line with the observations of Palada 
et al. (2003), Kratky (2006) and Wani et al. (2011) 
who found an increment of air temperature up to 
2-5OC in rain-shelter structure than in open field 
condition. Moreover, the variety “Roma VF” is an 
open field variety required high sunlight and short 
in height (EIAR, 2007). Therefore the increase in 
height of tomatoes may also be associated with 
lack of sunlight in rain-shelter condition. 

Number of primary branches

As indicated in Table 1 tomato plants grown 
under rain-shelter produced significantly (P<0.01) 
more primary branches per plant (8.9) than those 
grown in open field (6.3). This difference can 
be associated with the increase of plant height 
of tomatoes grown in plastic rain shelter as 
mentioned above. 

Regardless of the growing conditions, the 
management practice of spraying and staking 
resulted an increase in the number of tomato 
branches (8.7) significantly (P<0.05) compared 
to non-sprayed/non-staked tomatoes (6.9). The 
number of branches in non-sprayed but staked 
tomatoes was lower (7.4), but not statistically 
different, than sprayed and staked tomatoes. This 
result demonstrates in some extent the positive role 
of staking in the reduction of disease predisposing 
conditions in tomato production. The increased 
number of primary branches in sprayed and staked 
tomatoes could be related with the fungicidal 
effect of Ridomil spray which would be preventing 
tomato plants from fungal disease infestations like 
late blight as observed by Mohammed Amin et 
al. (2013). The interaction of growing conditions 
and management practices didn’t show significant 
influence on the branch number of tomato plants 
(data not shown), where each level in management 
practices had similar effect on each level of 
growing conditions. 

Days to 50% flowering and first harvest date

Days to 50% flowering was highly significantly 
influenced by growing conditions (P<0.01). 
Tomato plants protected from rainfall flowered 
about six days earlier than those grown in open 
field (Table 1).  However, early flowering in rainfall 
protected structure didn’t bring significant change 
on the first harvest date of fruits in this study. 
This result disagrees first flowering first maturity 
principle in greenhouse tomato production where 
the environmental conditions such as temperature, 
relative humidity and light intensity are controlled 
(Kelley et al., 2014). This could be due to 
uncontrolled growth environment except rainfall 
existed in rain-shelter that depends on the outside 
environmental conditions during the experiment. 
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Moreover shortening of tomato flowering for about 
six days in plastic rain shelter in this study due to 
comparatively high temperature may not enough to 
express itself on first harvest date like probably the 
case in controlled greenhouse production (Kelley et 
al., 2014).  

not shown). This implied that the effects of the 
management treatments on days to 50% tomato 
flowering and first harvest date were similar in 
both rainfall-protected and open field conditions.

Table 1. Effects of growth conditions and management practices on growth parameters of tomatoes grown 
during the main rainy season of 2013 in Bahir Dar

Main factor Treatment PH (cm) NoB FD (days) FHD (days)

Growing 
condition

Rain-shelter 100.52a 8.90a 49.08b 95.0

Open field 50.88b 6.25b 54.00a 96.0

LSD (1%) 16.31 0.69 2.42 6.10

CV (%) 17.3 7.28 3.78 5.13

SE± 5.35 0.23 0.79 2.00

Management 
practice

Sprayed and stalked 78.87 8.73a 51.83 95.00

Non-sprayed and staked 77.50 7.43ab 50.67 95.00

Sprayed and non-stalked 78.03 7.22ab 52.67 97.30

Non-sprayed and non-stalked 68.40 6.92b 51.00 94.00

LSD (5%) 10.39 1.47 2.51 2.81

CV (%) 10.91 15.40 3.87 2.34

SE ± 4.77 0.67 1.15 1.29

Means within a column followed by the same letter(s) are not significantly different at P = 0.01; PH = plant height; NoB = 

number of branches; FD = days to 50% flowering; FHD =first harvest date

On the other hand days to 50% flowering and first 
harvest date were not significantly affected by all 
management treatments (Table 1). Similarly, both 
days to 50% flowering and first harvest date were 
not significantly influenced by the interaction of 
rain shelter and management treatments (data 

Marketable, Unmarketable, and Total Yields

The results of analysis of variance revealed that 
growing conditions, management treatments and 
their interaction affected significantly the yield of 
tomatoes grown during the rainy season of Bahir 
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Figure 1. Marketable, unmarketable and total yields of tomato as influenced by growth conditions during the   
 rainy season of 2013 in Bahir Dar 
Means within a group followed by the same letter(s) are not significantly different at P = 0.01

Dar. Regardless of the management practices, 
growing tomatoes under  plastic covered growth 
structure produced significantly (P<0.01)  higher 
marketable and total yields as well as lower 
unmarketable yield than those grown in open field 
condition (Figure 1). Growing plants in plastic 

Table 2. Effects of management activities on yield performances of tomatoes grown during the rainy season 
of 2013 in Bahir Dar

Main factor Treatment Yield (t ha-1)
marketable unmarketable total

Management 
practice

Sprayed and staked 35.21a 6.45a 41.76a
Non-spraying and staked 13.99c 3.61b 17.60c
Sprayed and non-staked 22.41b 8.44a 30.85b
Non-sprayed and non-staked 11.45c 4.39b 15.84c

LSD (1%) 2.55 2.49 3.51
CV (%) 9.77 24.64 10.34
SE ± 0.83 0.82 1.15

Means within a column followed by the same letter(s) are not significantly different at P = 0.01

rain-shelter structure increased the marketable and 
total fruit yield by 40.9 and 30.6%, respectively, 
and reduced the unmarketable fruit yield by 18.1% 
compared to the corresponding plants grown in 
open field. 

Similarly, in the main effect of management 
practices, the treatment spraying and staking 
increased marketable and total yields of tomato 
significantly (Table 2). The maximum marketable 
and total yields of tomato were obtained from 
sprayed and staked treatment followed by sprayed 

and non-staked treatment. Staking alone without 
fungicide spray had non-significant effect on 
marketable, unmarketable, and total yields of 
tomato plants. The lowest marketable yield of 
tomato was obtained from non-sprayed and non-
staked treatment.
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compared to non-sprayed/staked and non-sprayed/
non-staked with the mean values of 48.7% and 
52.3%, respectively.   Generally, growing tomato 
in open field condition without fungicide spray 
during the main rainy season resulted low yield 
and high proportion of unmarketable yield. 

The results of the present study clearly showed 
that it would be possible to produce tomato 
successfully in Bahir Bar during the rainy season 
using plastic rain shelter. Protecting tomato plants 
from rainfall using simple growing structure 
covered by transparent plastic materials increased 
the fruit yield of tomato. This was the mere fact 
that in plastic rain shelter grown tomato plants 
were protected from direct rain droplets which 
will otherwise create suitable micro-climates for 
the growth and development of diseases like late 
blight. Hence, protecting tomato plants from direct 
rainfall reduce the predisposition of tomatoes 
against late blight. Moreover growing tomato 
under plastic rain-shelter during rainy season may 
improve the growing conditions like temperature 
and relative humidity that in turn increase the 
growth, development and yield of the plant. 

The present findings are in agreement with the 
findings of many previous studies which showed 
increased quantity and quality of economic yields 
of tomato and other similar vegetables grown 
under rain-shelters during rainy season in different 
humid and semi-humid areas of the world (Palada 
et al., 2003; Kratky, 2006; KHDP, 2007; RESCAP, 
2011; Wani et al., 2011).   

Management practices like application of 
fungicides and staking also attributed to the 
increase of tomato yields grown in open field 
during the rainy season of the study area. 
Management practices other than the joint use 

In the present study, there was a clear interaction 
effect between growing conditions and 
management practices on the yields of tomatoes 
(Table 3). Under rain-shelter condition, there was 
no significant difference between the management 
practices for marketable, non-marketable and 
total yields of tomatoes. However, the highest 
marketable (34.1 t ha-1) and total (39.3 t ha-1) fruit 
yields were obtained from sprayed and staked 
tomato plants. 

Under open field condition, however, significant 
differences between management practices 
were clearly observed for all the tomato yield 
parameters (Table 3). The treatment spraying and 
staking in open field condition gave the highest 
marketable (36.4 t ha-1) and total (44.2 t ha-1) 
yields. These highest marketable and total yields 
of tomato obtained from open field condition were 
statistically similar with those yields obtained from 
all treatments except from non-sprayed and non-
staked in rain-shelter condition. 
Although the treatment spraying and non-staking 
had no significant effect on yields of tomato 
in rainfall-protected structure, it reduced the 
marketable yield of tomato significantly (P<0.01) 
in open field condition.  Similarly, staking without 
spraying reduced the marketable and total yields 
of tomato in open field condition. Generally, the 
lowest marketable and total yields were obtained 
from non-sprayed treatments in open field growing 
condition. 
In open field growth condition, the unmarketable 
fruit yields obtained from treatments sprayed/
staked and sprayed/non-staked tomatoes were 
significantly (P<0.01) high with the mean values 
of 7.8 t ha-1 and 11.6 t ha-1, respectively. However, 
their proportions to the total yields obtained from 
the same treatments were relatively lower (about 
17.7% and 37.2%, respectively, in the same order) 
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of spraying and staking indeed will result the 
reduction of yields both in quantity and quality 
as observed in open field condition in this study 
(Table 3). Compared to fungicide spraying and 
stalking, other management practices reduced the 
total and marketable yields of tomato by 46.2-
93.1% and 29.5-88.1%, respectively.  The yield 
reductions especially in non-sprayed tomatoes 
were relatively high attributed by the occurrence of 
high late blight disease infestation. 

These results of the present study are in agreement 
with the reports made by several researchers 
who revealed that non-sprayed tomatoes and 
other Solanaceous plants gave the lowest yields 
(Dowley and Neville, 2001; Shamiyeh et al., 
2001; Zende, 2008; Mohammed Amin et al., 

2013). Similar to the present results EIAR (2007)  
and Mohammed Amin et al. (2013)  reported that 
spraying of tomato with appropriate fungicides 
against late/early blight diseases and staking gave 
the highest fruit yield both in rain-shelter and open 
field using the same variety (Roma VF). Indeed, 
using appropriate tomato varieties for protected 
cultivation like indeterminate types may enhance 
the productivity and profitability of this technology 
in Ethiopia which of course requires further 
research in the future.

Incidence and Severity of Late Blight

Tomato is susceptible to various diseases 
and insect pests. Among these, late blight 
(Phytophthora infestans (Mont) de Bary) is one 

Table 3. Interaction effects of growth conditions and management practices on yield performances of 
tomatoes during the rainy season of 2013 in Bahir Dar

Growing 

condition
Management practice Yield (t ha-1)  

marketable unmarketable total

Rain-shelter Sprayed and staked 34.05ab 5.24bcd 39.29ab

Non-sprayed and staked 24.75ab 4.16bcd 28.81ab

Sprayed and non-staked 25.25ab 5.27bcd 30.52ab

Non-sprayed and non-staked 20.39b 6.02bcd 26.41b

Open field Sprayed and staked 36.38a 7.84ab 44.23a

Non-sprayed and staked 3.22c 3.06cd 6.28c

Sprayed and non-staked 19.57b 11.60a 31.17ab

Non-sprayed and non-staked 2.51c 2.75d 5.26c

LSD (1%) 19.54 3.73 18.87

CV (%) 9.77 24.64 10.34

SE ± 2.07 1.02 2.47

Means within a column followed by the same letter(s) are not significantly different at P = 0.01
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of the most distractive diseases of tomatoes, 
potatoes and other Solanaceae species (Kratky, 
2006). In this study late blight was also observed 
on different parts of plants with various degrees of 
severity (Figure 2). 

The assessment of disease incidence and severity 
was conducted on tomato plant leaves after fifty 
days of transplanting, as well as, on fruits at each 
harvest. The late blight disease incidence and 
severity on tomato leaves and fruits were highly 
significant between growth methods as shown in 
Figure 3. Tomatoes grown in open field showed 
significantly (P<0.01) higher late blight incidence 
and severity on leaves and fruits compared to those 
grown under rain-shelter. Growing tomatoes in 
open field increased disease incidence and severity 
by 200% and 91% on leaves, and by 148% and 
69% on fruits, respectively.

The present results are in agreement with the 
reports of various researches who found that 
growing tomatoes under protected structure 
during the rainy season reduced the incidence 
and severity of late blight by creating unfavorable 
environmental conditions for the infection, growth 
and development of the disease (Bowen and 

Kratky, 1982; Palada et al., 2003; Kratky, 2006; 
Pandey et al., 2006; Srinivasan, 2011; Wani et al., 
2011; Kelley et al., 2014). In this regard, some 
African countries are started to promote rain-
shelter technology for the production of tomatoes 
and other similar vegetables during the main rainy 
season in humid/semi humid climates (KHDP, 
2007; RESCAP, 2011).

The management practices tested also influenced 
the occurrence and severity of late blight on 
tomato leaves and fruits (Table 4). Fungicide 
spraying with or without staking as a management 
practice reduced significantly (P<0.01) the 
incidence and severity index of late blight on 
leaves of tomato plants. However, on fruits 
fungicide spraying reduced the incidence of 
the disease only on staked tomatoes. Ridomil 
application alone also reduced significantly 
(P<0.01) disease incidence and severity on 
leaves compared to non-sprayed and non-staked 
tomatoes.  But, Ridomil spraying alone couldn’t 
able to reduce disease incidence on fruits although 
it reduced the disease incidence significantly. 
Similarly, staking without Ridomil spraying could 
not able to reduce disease incidence and severity 

Figure 2.  Late blight affected tomato plants: Left: - infested stem; Right: - dead plants
(Photos taken from open field grown tomato plants)
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on leaves as well as disease incidence on fruits 
of tomatoes. Generally, leaves and fruits of non-
sprayed and non-staked tomato plants exhibited 
significantly (P<0.01) higher disease incidences 
and severity indexes than leaves and fruits of 
sprayed and staked plants.

The present study is in agreement with reports 
of various researchers who found that late blight 
was effectively controlled by application of broad 
spectrum fungicide like Ridomil-gold on various 
vegetables including tomatoes (Dowley and 
Neville, 2001; Shamiyeh et al., 2001). According 
to Agrios (2005), high late blight incidence and 
severity in open field grown tomatoes is due to the 
fact that rainfall creates suitable micro climates 

especially in humid and semi-humid environments 
that favor the occurrence and development of this 
and other similar diseases. Spraying alone also 
reduced the incidence of late blight on leaves and 
fruits as well as its severity on leaves. As indicated 
in Table 4, indeed, the absence of staking increased 
late blight severity on fruits and this might be 
associated with multiple pathogen infection 
sourced probably from the ground soil where fruits 
were in contact. In agreement with these findings 
Lemma Dessalegn et al. (2003), EIAR (2007) and 
Mohammed Amin et al. (2013)  recommended that 
tomatoes should be staked to avoid the contact of 
fruits with the soil and thus to reduce infection of 
fruits with soil born diseases that in turn reduces 
the quality of fruits.
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Figure 3. Effects of growth conditions on late blight incidence and severity of tomatoes grown during the 
rainy season of 2013 in Bahir Dar
Means within a group followed by the same letter(s) are not significantly different at P = 0.01. 
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The interaction effect of growing conditions and 
management practices on disease incidence and 
severity index of leaves and fruits of tomatoes is 
presented in Table 5. In rain-shelter condition, 
significant differences were not observed among 
management practices for late blight incidence 
and severity on leaves and fruits of tomatoes. The 
mean values of late blight incidence and severity 
at all management practices were relatively lower 
in this growing condition compared to the values 
due to the corresponding treatments in open field. 
On the contrary, significant differences among 
management practices in open field were observed 
for both late bight incidence and severity. In open 
field condition, fungicide spraying and staking 
resulted in the lowest significant mean values of 
late blight incidence and severity index on both 

tomato leaves and fruits. The mean values of late 
blight incidence and severity on tomato plant 
leaves due to fungicide spraying and staking 
in open field were similar to the results of the 
corresponding plants grown in rain-shelter, while 
their mean values on fruits were much higher than 
the corresponding plants grown under rain-shelter 
growing condition. 

Generally, the management practices such as a 
joint application of fungicide spraying (Ridomil 
Gold) and staking reduced significantly the 
incidence and severity of late blight compared to 
the other management practices tested in the study 
that verified the effectiveness of Ridomil-gold 
against late blight in the production of tomatoes.

Table 4. Effects of management practices on late blight incidence and severity of tomatoes grown during the 
rainy season of 2013 in Bahir Dar

Main factor Treatment 

Leaf Fruit

Incidence 
(%) 

Severity 
(%)

Incidence 
(%)

Severity 
(%)

Management 
practice

Sprayed and staked 16.67b 22.67b 27.92b 33.33c

Non-sprayed and staked 46.67a 48.00a 41.74a 53.81b

Sprayed and non-staked 26.67b 32.67b 39.36ab 52.38b

Non-sprayed and non-staked 43.33a 52.00a 46.94a 63.81a

LSD (1%) 17.61 10.37 11.44 8.39

CV (%) 30.00 15.16 16.66 9.37

SE ± 5.77 3.40 3.75 2.75

Means within a column followed by the same letter(s) are not significantly different at P = 0.01
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This result was also supported by correlation 
analysis made between disease assessment 
parameters and marketable yield of tomatoes.  
There was a strong negative and significant 
(P<0.01) correlation between late blight disease 
incidence (r = -0.836) and marketable fruit yield 
and late blight severity (r = -0.902) of leaves 
and marketable fruit yield. Similarly, negative 
significant correlation was also observed between 
disease incidence (r= -0.718) and severity index 
(r= -0.839) of fruits and marketable yield of 
tomatoes.

 CONCLUSION AND RECOMMENDATIONS

Late blight is the limiting biological factor for 
the production of tomatoes in warm humid areas 
during the rainy season. Therefore, farmers in 

such areas of Ethiopia are not producing tomatoes 
during the main rainy season. Consequently, the 
prices of tomatoes steeply rise during the summer. 
The results of the present study revealed that 
protecting tomato plants from rainfall using 
plastic rain-shelter helped to significantly reduce 
the incidence and severity of late blight and other 
similar diseases. Besides, growing tomatoes in 
protected structure may improve the environmental 
conditions for the growth and development of 
tomato and similar crops during the rainy season 
and thus increases the marketable yield of the crop 
plant. Moreover, a joint use of Ridomil application 
and staking reduced the incidence and severity of 
late blight on leaves and fruits of tomatoes grown 
in open field. The results of the present study 
clearly showed that successful tomato production 
during the main rainy season would be possible 

Table 5. Interaction effects of growth conditions and management practices on incidence and severity of late 
blight on tomatoes grown during the rainy season of 2013 in Bahir Dar

Growing 
condition

Management practice

Leaf Fruit

Incidence 
(%)

Severity 
(%)

Incidence 
(%)

Severity 
(%)

Rain-
shelter

Sprayed and stalked 10.00c 21.33c 16.90c 26.67e 
Staked and non-sprayed 23.33c 25.33c 25.07bc 40.00cd 
Sprayed and non-stalked 13.33c 28.00bc 18.06c 38.10d 
Non-sprayed and non-stalked 20.00c 32.00bc 29.68bc 46.67c

Open field

Sprayed and stalked 23.33c 24.00c 39.00b 40.00cd 
Staked and non-sprayed 70.00a 70.67a 58.4a 67.62b 
Sprayed and non-stalked 40.00b 37.33b 60.66a 66.67b
Non-sprayed and non-stalked 66.67a 72.00a 64.20a 80.95a

LSD (5%) 15.53 11.35 14.49 8.33
CV (%) 30.00 15.16 16.66 9.37
SE ± 7.1 4.66 5.61 3.58

Means within a column followed by the same letter(s) are not significantly different at P = 0.05
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in transparent rain-shelter structures as well as 
with appropriate fungicide application against 
late blight disease and staking of tomato plants 
in Bahir Dar. If tomato plants are protected from 
rainfall, regular fungicide spraying may not be 
necessary for the management of this disease. 
Nevertheless, further study should be done to 
optimize the frequency of pesticide application 
and to select tomato varieties suitable for plastic 
rain-shelter technology. Furthermore, cost-benefit 
analysis for these technologies should also be 
well studied before recommending them for wider 
application. 
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ABSTRACT
Enset bacterial wilt caused by Xanthomonas campestris pv. musacearum (Xcm) is a destructive disease of 
Ensete ventricosum (Welw.) Cheesman) in Ethiopia. The antibacterial activities of methanol leaf extracts of 
Achyranthes aspera, Agarista salicifolia, Datura stramonium, Melia azedarach, Pycnostachys  abyssinica 
and Vernonia amygdalina were evaluated in vitro against Xcm. Fresh leaves were collected, dried under shade 
and ground to fine powder. Extraction was carried out using maceration method. The antibacterial activity of 
extracts was evaluated by disc diffusion method. Total phenolics content was estimated using Folin Ciocalteau 
method. The result revealed that higher percent extract yield was obtained from A. salicifolia followed by P. 
abyssinica. Extracts of all species showed antibacterial activity except M. azedarach. Significant differences in 
inhibition zone diameter were recorded between species and among test concentrations. The widest inhibition 
zone was recorded by A. salicifolia followed by P. abyssinica. Unlike others, extract of A. salicifolia had 
abundant amount of alkaloids, flavonoids, phenols, terpenoids, saponnins, tannins and cardiac glycosides. The 
remaining species lacked one or more of these metabolites and the existing ones occurred either in small or 
moderate amount.  Moreover, the extract of A. salicifolia was found to have the highest total phenolics content 
and this was positively correlated with inhibition zone diameter at all test concentrations suggesting its potential 
antibacterial activity. This shows that the extract of A. salicifolia has the potential for further bioformulation and 
commercialization as biocide with broad spectrum activity. However, further research should be conducted to 
identify the active compounds responsible for such antibacterial activity.

Keywords: Ensete ventricosum; Agarista salicifolia, Pycnostachys abyssinica, Inhibition zone;Total phenolics
DOI: http://dx.doi.org/10.4314/ejst.v10i1.2

any time during the year and be harvested at any 
stage over a period of several years. Second, 
enset foods can be stored for long periods (Dereje 
Fekadu, 2009). Third, compared to cereals, it gives 
high yield per unit area. Enset growing regions of 
Ethiopia are well known for their high population 
density and the land holding of each farmer is 
very small and yet the population rarely faces 
food shortage due to the high productivity of enset 
(Admasu Tsegaye and Struik, 2001). Fourth, enset 
grows in a wide range of environments extending 

INTRODUCTION

Enset (Ensete ventricosum (Welw.) Cheesman) is 
a perennial staple food crop widely cultivated in 
the South and Southwestern Ethiopia. It supports 
the lives of approximately 20 million people 
(Temesgen Addis, 2005). It is a multipurpose crop 
providing a range of services such as food, forage, 
medicine, and environment protection (Dereje 
Fekadu, 2009). As a food crop enset has several 
advantages. First, the plant can be harvested at 
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from about 1200 to 3100 meters above sea level 
(Temesgen Addis, 2005). This allows farmers to 
grow the crop in all parts of the country including 
areas not suitable for cereal cultivation. Fifth, it is 
considered tolerant to environmental conditions 
(Dereje Fekadu, 2009).

However, enset cultivation is impeded by a 
disease commonly called enset bacterial wilt 
(Xanthomonas wilt). It is caused by the Gram 
negative phytopathogenic bacterium Xanthomonas 
campestris pv musacearum (Dagnachew Yirgou 
and Bradbury, 1968; Dereje Ashagari, 1985). 
The disease is a major constraint of enset based 
agriculture, affecting the lives of millions of people 
in Ethiopia (Afza et al., 1996; Gizachew Welde-
Michael et al., 2008).  In addition to enset, the 
disease also affects other Musa species like banana 
which is the main staple food source in the whole 
of east Africa. The disease poses serious food 
insecurity in the region (Mwangi et al., 2007). 
Unlike other diseases, enset bacterial wilt is both 
extreme and rapid causing gradual increasing 
losses over years. The economic impact of bacterial 
wilt is due to death of the mother plant that would 
otherwise contribute to the continuation of enset 
production cycles. Fields infested with Xcm cannot 
be replanted for at least 6 months due to carryover 
of soil borne inoculum (Tripathi et al., 2009).

The major transmission means of the disease 
across or within fields are insects, contaminated 
tools and infected plant materials (Mwangi et al., 
2007). The spread of the disease is prevented by 
cultural disease management practices such as 
burying infected plants, restricting movement of 
infected plant materials and sterilizing farming 
tools (Biruma et al., 2007; Mwangi et al., 2007; 
Gizachew Wolde-Michael et al., 2008; Tripathi et 
al., 2009; Temesgen Addis et al., 2010). However, 

these methods are not effective as farmers are 
inconsistent and reluctant to employ labor-intensive 
disease control measures (Tripathi et al., 2009). 
Moreover, the disease is systemic and hence 
surface application of chemicals has little or no use 
to control the disease (Smith et al., 2008). Thus, 
investigations for alternative disease controlling 
strategies that are effective, eco-friendly, long-
lasting, low cost, and easy to prepare have prime 
importance.

In recent years, much interest has been developed 
in the antimicrobial effects of medicinal plants for 
plant disease control. Plant extracts are important 
sources of new agrochemicals for the control of 
plant diseases. Furthermore, biocides of plant 
origin are nonphytotoxic, systemic and easily 
biodegradable (Kagale et al., 2004; Guleria and 
Tiku, 2009). It is now known that various plant 
extracts can reduce populations of foliar pathogens 
and control disease development.  Consequently, 
they have a potential as environmentally safe 
alternatives and components in integrated disease 
management programs (Bowers and Locke, 2004). 
Therefore, the aim of the present study was to 
evaluate the antibacterial activity of medicinal 
plant extracts against Xcm and see the potential to 
control enset bacterial wilt disease.

MATERIALS AND METHODS

Medicinal plant material collection

 Fresh leaves of medicinal plants viz. Achyranthes 
aspera L. (Amaranthaceae), Agarista salicifolia 
(Com.ex Lamb.) G. Don (Ericaceae), Datura 
stramonium L. (Solanaceae), Melia azedarach L. 
(Meliaceae), Pycnostachys abyssinica (Fresen) 
(Lamiaceae) and Vernonia amygdalina Del. 
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(Asteraceae) were collected from different areas. 
The study species were selected on the basis of 
follow-up of antimicrobial activity reports and 
ethnomedical or traditional uses against diseases 
(Fabricant and Farnsworth, 2001). Specimens of 
each species were freshly pressed, mounted and 
identified by experts and authenticated specimens 
in the National Herbarium, Department of Plant 
Biology and Biodiversity, Addis Ababa University. 
Voucher specimens of each species have been 
deposited in the National Herbarium. Collection 
number was designated using the first letters 
from the full name of the collector and order of 
collection time. Accordingly, voucher specimens 
of A. aspera, D. stramonium, M. azedarach, A. 
salicifolia, P. abyssinica, and V. amygdalina were 
given GY-01, GY-02, GY-03, GY-04, GY-05 and 
GY-06 collection numbers, respectively.

The leaves were washed with running tap water to 
remove dust and other debris, and air dried under 
shade at room temperature to constant weight. 
The dried leaves were ground to fine powder 
using mechanical grinder. The powder was sieved 
through 0.6 mm wide mesh, homogenized and used 
for extraction. 

Preparation of crude leaf extract 

Extraction was performed using maceration method 
(Rai et al., 2013). Leaf powder and the solvent 
(methanol) were added into conical flasks at the ratio 
of 1:10 (w/v). The flasks were tightly closed and the 
mixture was shaken for 72 h using orbital shaker at 
a speed of 250 rpm under room temperature. After 
72 h, the extract was filtered first by four layer of 
cheese cloth and cotton followed by Whatman No.1 
filter paper. The extract was dried and concentrated 
by evaporating methanol using rotary evaporator. 

The concentrated extract was stored at 4°C until 
used for antibacterial testing. Extract yield (%) was 
determined gravimetrically using the dry weight of 
the extract and the initial weight of the leaf powder 
as follows:

Extract yield (%)
   dry weight of extract

initial powder weight= x 100

 Infected enset material collection

 Newly infected enset pseudostem samples were 
collected from a homegarden at Wondo Genet 
College of Forestry and Natural Resources. 
The samples were cut into small pieces of 
approximately 2-5 mm2 in size using sterilized 
knife. Each piece was placed in separate plastic 
bags and kept as cool as possible in an ice box to 
prevent drying, microbial degradation and avoid 
tissue decomposition. The specimens were then 
transported to the laboratory for Xcm isolation.

Isolation of the pathogen

Infected pseudostem specimens were further cut 
into smaller pieces using sterilized scalpel. The 
pieces were surface disinfected by dipping in 5 
% sodium hypochlorite solution for one minute 
and immediately immersed in distilled water three 
times to remove the disinfectant. Then after, the cut 
pieces were immersed into a test tube containing 5 
mL of sterilized water and allowed to stand for 5 
minutes until the bacterial population diffuses out 
of the cut tissue into the sterilized water and form 
a suspension. A loopful of bacterial suspension 
was streaked to sterilized semi-selective growth 
medium composed of yeast extract (10 g L-1), 
peptone (10 g L-1), sucrose (10 g L-1), agar (15 
g L-1), cephalexin (50 mg L-1) and amphotericin 
(150 mg L-1) as developed by Tripathi et al. 
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(2007). Cephalexin and amphotericin were used 
to inhibit the growth of most saprophytes and 
fungal contaminants, respectively. The streaked 
Petri dishes were incubated in an inverted position 
at 28°C for 72 h. Isolated colonies were selected 
and streaked on a newly prepared yeast extract, 
peptone, sucrose and agar (YPSA) growth medium. 
The sub-culturing of the bacterium was carried out 
using streak plate method. In this method, loopful 
of bacteria was directly taken using wire loop from 
growth plates that contain uniform colonies of 
Xcm. Sub-culturing was done several times until 
pure colonies were produced. The pure culture 
grown on YPSA was stored at 4°C, and every time 
activated at 28°C before use (Schaad and Stall, 
1988).

Pathogenicity test 

Plastic buckets filled with soil, sand and manure in 
the ratio of 2:1:1 were prepared in the glasshouse 
and suckers of a susceptible enset clone were 
transplanted. After establishment, individual 
enset plants were inoculated with 10 ml of Xcm 
suspension adjusted to 1.5x108 CFU/mL (0.5 
McFarland standard) at the base of midrib in 
three replications. The negative control was 
inoculated with the same amount of distilled water 
using syringes with metal needle. A week after 
inoculation, symptom development was monitored 
for every other day. Yellowing of the inoculated 
leaf was seen after three weeks. Pseudostem of the 
infected plants was taken and the bacterium was 
re-isolated using the standard isolation procedure 
(Kidist Bobosha, 2003).

 Antibacterial susceptibility testing of leaf extracts 

The antibacterial activity of crude leaf extracts 
against Xcm was evaluated by disc diffusion 

method (EUCAST, 2012). Petri dishes, paper 
discs, cotton swabs, forceps, test tubes and other 
materials were autoclaved every time before use. 
All the tests were performed in three replications 
and repeated at least three times. Extracts of each 
species were dissolved in methanol and serial test 
concentrations were prepared. Approximately 
1.2, 0.6, 0.3, 0.15, 0.075, 0.038 and 0.019 g of 
each species extract was separately dissolved in 
3 mL of methanol producing 400,  200, 100, 50, 
25, 12.5 and 6.25  mg/mL serial concentrations. 
Streptomycin sulphate was used as a standard 
antibiotic. Discs with a size of 5 mm in diameter 
were prepared from Whatman’s No 1 filter paper 
using paper borer. The discs were sterilized and 
impregnated in each serial concentration of each 
species for 12 h. Discs immersed in methanol 
served as controls. Subsequently, the discs were 
taken out and dried before application. 

Inoculum preparation and inoculation

The inoculum was prepared from 72 h old bacteria 
grown on YPSA medium. The upper surfaces of 
several pure culture colonies were swabbed with 
cotton swab and mixed with distilled water in a test 
tube. The content of the test tube was thoroughly 
shaken until a homogenous suspension was formed. 
The absorbance of the inoculum was measured 
with a spectrophotometer (NV202, Sunny) at 600 
nm and adjusted to 0.132. This value is equivalent 
to turbidity of a 0.5 McFarland standard (Sutton, 
2011). The bacterial population equivalent to a 0.5 
McFarland standard turbidity is approximately 1.5 
x 108 CFU/mL.

Cotton swab was used for inoculation. The 
sterilized swab was dipped into the bacterial 
suspension and the excess fluid was removed by 
turning the swab against the inside of the test tube. 
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This avoids over inoculation of the Petri dish. The 
inoculum was spread evenly over the entire surface 
of the Petri dish by swabbing in three directions. 
The dried discs were applied to the inoculated 
Petri dish within 15 minutes of inoculation. During 
application, the discs were pressed downward and 
the Petri dish was kept in normal position until the 
discs got wet. Discs rinsed in methanol were used 
as negative controls. Streptomycin sulphate was 
used as a positive control. All the Petri dishes were 
inverted and incubated at 28°C for 72 h. Inhibition 
zone was measured after 72 h of incubation. 
Zone of complete inhibition was measured using 
transparent ruler at the longest possible diameter 
including the disc (Ortez, 2005).
 

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of leaf 
extracts was determined using agar dilution method 
as described in EUCAST, (2000). One mL of each 
test concentration of each extract was thoroughly 
mixed with 19 mL of YPSA molten growth medium 
and poured to Petri dishes. The medium was then 
allowed to solidify at room temperature. The 
inoculum adjusted to turbidity of a 0.5 McFarland 
standard (0.3μl) was inoculated at four points on 
each Petri dish. The inoculated Petri dishes were 
incubated at 28°C for 72 h. Parallel to this, Petri 
dishes without extract were used as controls and the 
results were compared against these controls.

Minimum bactericidal concentration (MBC)

Minimum bactericidal concentration (MBC) 
of leaf extracts was determined as described in 
Njinga et al. (2014). YPSA growth medium was 
prepared and autoclaved at 121°C for 15 minutes. 

The medium was poured into sterile Petri-dishes 
and allowed to cool and solidify. The contents of 
the MIC Petri-dishes that did not show growth or 
showed growth less than 80 % of the control were 
sub-cultured onto the prepared Petri-dishes. The 
Petri-dishes were then incubated at 28°C for 72 
h. Then after, the Petri-dishes were observed for 
growth. The Petri-dishes without growth represent 
the minimum bactericidal concentration (MBC). 
After 72 h, the results were recorded and taken as 
MBC.

Phytochemical screening of crude leaf extracts 

Qualitative analysis was performed to confirm 
the presence or absence of major secondary 
metabolites in the crude leaf extracts. The 
screening was carried out following standard 
chemical methods (Harborne, 1998; Tiwari et al., 
2011; Jones and Kinghorn, 2006; Wadood et al., 
2013; Kumar et al., 2013; Rai et al., 2013).

Test for alkaloids: Wagner’s test 

Each extract (20 mg) was dissolved in 2% HCl 
and filtered with glass funnel. The filtrate was used 
for the detection of alkaloids. Wagner’s reagent 
was prepared by dissolving 1.27 g of iodine and 
two gram of potassium iodide (PI) in 100 mL of 
distilled water. One mL of Wagner’s reagent was 
added to two mL of the filtrate. The formation of 
redish or brown solution was an indication for the 
presence of alkaloids.

 Test for flavonoids

Sample from each plant extract (0.5 g) was taken 
in separate test tubes and 10 mL of distilled water 
was added, shaken and filtered. Five mL of diluted 
ammonia solution (10%) was mixed with 3 mL of 
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the aqueous filtrate followed by the addition of 1 
mL of concentrated sulphuric acid. Yellow color 
was formed showing a positive test for flavonoids.

 Test for phenolic compounds: Ferric Chloride 
(FeCl3)

 To two mL of the extract filtrate, 3-4 drops of 5% 
Ferric Chloride solution were added. Bluish black 
color production indicated the presence of phenols.

Test for terpenoids

Half gram of each species leaf powder was added 
in separate test tubes and poured with 10 mL 
of methanol. The content was shaken well and 
centrifuged. Five mL of the supernatant was 
mixed with two mL of chloroform followed by 
the addition of three mL of sulphuric acid to the 
solution. Reddish brown layer production between 
chloroform and sulphuric acid was an indicator for 
the presence of terpenoids.

 Test for saponins: Froth test 

One gram of each extract was boiled in five mL of 
distilled water and filtered with glass funnel. Three 
mL of distilled water was added to one mL of the 
filtrate and vigorously shaken for about 5 minutes. 
Frothing that persisted for 15 minutes was taken as 
an evidence for the presence of saponins.

Test for tannins 

Each extract (0.2 g) was dissolved in 5 mL of 
distilled water in separate test tubes, warmed in 
a water bath and filtered. Two mL of 5 % ferric 
chloride solution prepared in distilled water was 
added to one mL of the filtrate. The appearance of 
deep blue color affirmed the presence of tannins.

Test for cardiac glycosides

Approximately 20 mg of each extract was 
dissolved in 3 mL of 2% HCl and filtered. One mL 
of the filtrate was treated with five drops of glacial 
acetic acid and two drops of 5% ferric chloride 
solution and thoroughly mixed. Subsequently, two 
mL of concentrated sulfuric acid was added and 
two layers were formed; the lower white layer and 
upper acetic acid layer which turned bluish green 
indicating a positive test for glycosides.

 Estimation of total phenolics content 

Half gram of each extract and 10 mL of distilled 
water were added to a test tube, shaken and 
centrifuged. An aliquot of the supernatant (0.1 mL) 
was taken and diluted to three mL with distilled 
water. Consecutively, 0.25 mL of Folin Ciocalteau 
reagent was added. After three minutes, one mL 
of 20% (w/v) sodium carbonate was added and 
thoroughly mixed. The tube was warmed in boiling 
water for one min and cooled. The absorbance of 
the resulting solution was measured at 650 nm 
against a reagent blank using a spectrophotometer 
(NV202 Spectrophotometer, Sunny). The blank 
was composed of three mL of distilled water, 0.25 
mL of Folin Ciocalteau reagent and one mL of 20% 
sodium carbonate. The absorbance of the blank 
was subtracted from each reading. Catechol was 
used to prepare the standard calibration curve from 
which the amount of total phenols in the sample 
was calculated. The amount of total phenols was 
expressed in mg catechol equivalent of phenol/g of 
sample (Zieslin and Ben-Zaken, 1993).

 Statistical analysis

All data were subjected to analysis of variance 
using SPSS (Statistical Package for Social 
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Sciences, version 20). This was done after carrying 
out test of homogeneity and normal distribution for 
each measured parameter. Means were compared 
by Tukey’s Honestly Significant Difference (HSD) 
test at 95 % confidence interval.

RESULTS

Extract yield (%)

The result of the present study showed a wide 
variation in extract yield between the studied plants 
(Figure 1). The highest extract yield was obtained 
from the leaves of A. salicifolia (54.3%) followed 
by P. abyssinica (45.2%), while the lowest was 
obtained from A. aspera (7.8%). The remaining 
species had an intermediate percent extract yield.

Figure 1: Extract yield (%) of leaf of medicinal plant species

test was carried out at 50, 100, 200 and 400 mg/
mL concentrations. The extracts showed a wide 
variation in mean inhibition zone diameter of 
the test organism (Figure 2). The inhibition zone 
between the test concentrations in extracts of A. 
salicifolia and P. abyssinica was significantly 
different at p < 0.01. Compared to others, 
extracts of these species produced the widest 
inhibition zone at all test concentrations. Extract 
of A. salicifolia produced a significantly wider 
inhibition zone at all test concentrations (p < 0.01). 
Likewise, the leaf extract of P. abyssinica produced 
significantly higher inhibition zone than extracts 
of A. aspera, D. stramonium and V. amygdalina 
at 200 and 50 mg/mL test concentrations. The 
antibacterial activity of D. stramonium and V. 
amygdalina leaf extracts was not significant 
among test concentrations. At the highest test 

Antibacterial activity of leaf extracts 

The antibacterial activities of methanolic crude 
leaf extracts of A. salicifolia, P. abyssinica, A. 
aspera, D. stramonium, M. azedarach and V. 
amygdalina against Xcm were tested in vitro. The 

concentration (400 mg/mL), extract of A. aspera 
produced significantly wider inhibition zone than 
extract of V. amygdalina.  However, the difference 
in antibacterial activity between extracts of A. 
aspera, D. stramonium and V. amygdalina at 200, 
100 and 50 mg/mL test concentrations was not 
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Figure 2: Growth inhibition zone of methanol crude leaf extracts at various test concentrations. Bars at 
each test concentration followed by different letters are significantly different at p < 0.01 (n = 6).

Figure 3: Minimum inhibitory and bactericidal concentrations of crude leaf extracts of medicinal plants

significant. The antibacterial susceptibility test of 
M. azedarach extract against Xcm did not show 
inhibition at all test concentrations.

Minimum inhibitory and bactericidal 
concentrations of extracts

Minimum inhibitory and bactericidal concentration 
values showed the potency of extracts against Xcm. 
Their effect on the growth of Xcm was variable 
among species (Figure 3). The highest MIC and MBC 

values were recorded by extracts of A. aspera, D. 
stramonium and V. amygdalina (Figure 3). Extracts 
of A. salicifolia and P. abyssinica were potent; they 
inhibited the growth of the test bacterium at relatively 
low concentration as compared to others. The MIC and 
MBC values of the other extracts were 87.5 mg/mL 
higher than A. salicifolia and P. abyssinica. The extract 
of M. azedarach didn’t exhibit any growth inhibition 
at 400, 200, 100 and 50 mg/mL concentrations and 
thus, MIC and MBC were not determined (Figure 3).
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Phytochemical screening

The preliminary phytochemical screening results 
revealed that the chemical constituents of extracts 
vary between species (Table 1). Accordingly, 
extracts of A. salicifolia and P. abyssinica 
had abundant amount of the tested secondary 

metabolites. However, cardiac glycosides were 
absent in the extract of P. abyssinica. Extract of 
V. amygdalina on the other hand had abundant 
amount of phenols, terpenoids and tannins, and 
moderate amount of alkaloids, flavonoids and 
saponnins (Table 1).

Table 1. Classes of secondary compounds found in leaf extracts of medicinal plants in a preliminary 
screening 

Medicinal plant 
species

Phytochemicals

Alkaloid Flavonoid Phenol Terpenoid Saponin Tannin
Cardiac 
glycoside

A. aspera - + - - + - -

 A salicifolia ++ ++ ++ ++ ++ ++ ++

D. stramonium - + + + + ++ -

M. azedarach - - - + - - -

P. abyssinica ++ ++ ++ ++ ++ ++ -

V. amygdalina + + ++ ++ + ++ -

++ = abundant; + = moderate; - = absent

Total phenolics content

 The result of the quantitative chemical analysis of 
extracts showed that total phenolics content was 
significantly different between the studied plant 
species (Figure 4). The highest total phenolics 
content was recorded by the leaf extract of A. 
salicifolia (Figure 4).  It showed a 100, 85.7, 100, 

61.2 and 12.3 % increment from A. aspera, D. 
stramonium, M. azedarach, P. abyssinica, and V. 
amygdalina, respectively. Extract of V. amygdalina 
ranked second and extract of P. abyssinica ranked 
third in terms of total phenolics content. The total 
phenolics content of the remaining extracts was 
negligible (lower than the minimum concentration 
used to construct the standard calibration curve). 
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DISCUSSION

The exploitation of higher plant products as novel 
chemical treatments in plant protection has gained 
emphasis recently and some plant products are 
being used globally as ecofriendly biocontrol 
agents (Gurjar et al., 2012). The present study was 
conducted to test the in vitro antibacterial activity 
of some medicinal plants and antibiotics against 
enset pathogen, Xcm. The tested plants are used 
in traditional medicine for the treatment of many 
diseases either in unprocessed or extracted forms. 
Efficiency of extraction is an important step in 
the discovery of bioactive components from 
plant materials. In the present study, A. salicifolia 
produced the highest extract yield followed by P. 
abyssinica. Extract yield of V. amygdalina was 
moderate. Similarly, Odey et al. (2012) found out 
13.6 and 12 % extract yields of root and stem of V. 
amygdalina, respectively, which is twofold lower 
than the leaf extract yield in the present study. 
The differences in the extract yields might be 

ascribed to the different availability of extractable 
components, resulting from the varied chemical 
composition of plants (Sultana et al., 2009). 
Moreover, Zongo et al. (2011) and Moteriya et al. 
(2014) reported maximum percent extract yield 
when methanol is used as a solvent. Methanol is an 
all purpose solvent that dissolves most secondary 
metabolites in plants and enhances the release of 
these chemicals from cellular matrix (Visht and 
Chaturvedi, 2012; Moteriya et al., 2014). 

The preliminary phytochemical screening 
shows the presence of different secondary 
metabolites in the leaf extracts of the studied 
species. The variation is both in type and amount 
of chemical categories. The high antibacterial 
activity of methanolic extract of A. salicifolia 
and P. abyssinica may be due to the abundance 
of alkaloids, flavonoids, phenols, tannins, 
saponins and terpenoids. In addition, A. salicifolia 
extract contains glycosides. Each bioactive 
constituent exert antibacterial activity through 
different mechanisms (Kotzekidou et al., 2008). 

Figure 4: Total phenolics content (mg of catechol equivalent of phenol/g of fresh weight) of medicinal 
plant leaf extracts. Bars followed by different letters are significantly different at P < 0.01. Values 
represent means of six replicates 
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Accordingly, alkaloids intercalate into cell wall 
and hinder its formation (Gurjar et al., 2012). 
Flavonoids are antimicrobial substances against 
a wide array of microorganisms in vitro and have 
the ability to bind and complex with bacterial 
cell walls and soluble proteins. This inactivates 
enzymes (Marjorie, 1999; Ghosh et al., 2011; 
Gurjar et al., 2012). Terpenoids on the other 
hand are responsible for disbanding of the cell 
wall of microorganisms by deteriorating the 
membranous tissue (Marjorie, 1999; Ghosh et al., 
2011; Jasmine et al., 2011; Gurjar et al., 2012). 
Similarly, saponins have the ability to cause 
leakage of proteins and certain enzymes from 
the cell (Marjorie, 1999). Moreover, Taguri et al. 
(2006), Rodriguez et al. (2009) and Boulekbache-
Makhlouf et al. (2013) reported that hydrolysable 
tannins have potent antibacterial effects on 
various bacteria. They bind and form irreversible 
complexes with proline rich protein and cause 
inhibition of cell wall synthesis (Mamtha et al., 
2004; Igbinosa et al., 2009; Ghosh et al., 2011; 
Gurjar et al., 2012). Overall, extracts that possess 
diversity of secondary metabolites in relatively 
large amount revealed high antibacterial activity 
against Xcm.

 In the present study, extracts of most plant species 
inhibited the growth of the test bacterium in vitro, 
indicating the presence of antibacterial compounds 
in the extracts. These compounds are secondary 
metabolites that belong to various chemical categories 
in plant materials and work either individually or 
in combination to produce an antibacterial activity 
(Ghosh et al., 2011). The quantitative analysis 
revealed that the leaf extract of A. salicifolia contain 
the highest amount of total phenolics content as 
compared to others and thus the maximum potency 
against the test bacterium. This is evident from the 
strong positive correlation between total phenolics 

content and bacterial growth inhibition zone. Similar 
correlation was observed in extracts of P. abyssinica 
at all test concentrations. Therefore, the antibacterial 
activity of the two species may be explained by 
the total phenolics content. Many research reports 
reveal that phenolic compounds contribute to the 
antimicrobial properties of plant extracts whereby 
the extent of inhibition depends on the concentration 
of these compounds (Taguri et al., 2006; Rhouma 
et al., 2009; Rodriguez et al., 2009; Tian et al., 
2009; Zongo et al., 2011; Moteriya et al., 2014). 
The biological activities of phenolic compounds 
are associated to the presence of hydroxyl groups 
and phenolic ring in their molecular structure. 
Membrane proteins of bacteria interact with 
hydroxyl groups of phenolics by hydrogen bonding. 
This interaction changes the membrane permeability 
that in turn causes loss of cellular constitutes and 
cell destruction (Marcucci et al., 2001; Kang et al., 
2011). They also bind to adhesins, complex with cell 
wall and inactivate proteolytic macerating enzymes 
used by plant pathogens (Mohanta et al., 2007; 
Gurjar et al., 2012). From this it can be presumed 
that phenolic compounds act at two different points 
(cell membrane and cell wall), affecting the growth 
and metabolism of bacteria (Taguri et al., 2006; 
Stefanovic et al., 2012). Similar results have also 
been reported in other studies (Rajeshwar et al., 
2005; Kuete et al., 2007). Extract of V. amygdalina 
contain high amount of total phenolics next to A. 
salicifolia. However, the antibacterial activity of 
the extract is low. This may be due to the moderate 
amount of flavonoids and saponins in the leaf extract 
of V. amygdalina and weak synergistic effect of all 
kinds of phenolic compounds on Xcm. 

The minimum inhibitory concentration (MIC) is 
the lowest concentration value that inhibits the 
growth of microorganisms. It is the measure of 
assaying the effectiveness of antimicrobial plant 
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extracts and predictive of the inhibitive outcomes. 
Extracts with low antibacterial activity against 
Xcm give high MIC and MBC, Viz. A. aspera, D. 
stramonium, M. azedarach and V. amygdalina. 
To the contrary, extracts with high antibacterial 
activity yield low MIC and MBC, Viz. A. 
salicifolia and P. abyssinica. Similarly, various 
MIC and MBC concentrations of methanol extracts 
of medicinal plants against both Gram positive and 
negative bacteria have been reported by Kang et 
al. (2011). Unlike the present study, M. azedarch 
showed MIC against several human pathogens (Sen 
and Batra, 2012).

CONCLUSION

This study demonstrated that extracts of A. 
salicifolia and P. abyssinica with high antibacterial 
activity in vitro against X. campestris pv. 
musacearum could be used for biological control of 
Enset bacterial wilt. The maximum percent extract 
yield plus the highest anti- Xanthomonas activity of 
the two species could be designated as distinctive 
features of these medicinal plants for further 
development, formulation and commercialization 
as biocides with broad spectrum activity. Such 
developments in the use of natural products from 
plants in disease control will minimize or avoid 
environmental and health hazards caused by 
synthetic chemical pesticides. However, further 
researches into these extracts should be conducted 
to identify the active compounds responsible for 
their antibacterial activity and to evaluate the 
performance under field conditions.
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ABSTRACT
Study on community composition, relative abundance and habitat association of avifauna in Apini and Dikuma 
forest patches, Awi Administrative Zone, Ethiopia, was carried out from September 2013 to April 2014. The 
main objective of this study was to investigate diversity, relative abundance, and habitat association of avian 
species in the study area. Data were collected using point count method, and analyzed using Shannon Weiner 
index, Simpson´s diversity index and Sorensen´s coefficient. A total of 95 avian species belonging to 44 families 
and 11orders were identified. Among 95 bird species, 93 are residents, one is intra-African migrant and one 
is Palaearctic migrant, and of the 93 resident birds, seven are endemic to Ethiopia, and ten shared between 
Ethiopia and Eritrea. In the present study, 79 and 83 bird species were recorded during the wet and dry seasons, 
respectively. Dikuma forest patch had the highest avian diversity during the dry season (H´=3.84) and Apini 
had the lowest (H´=3.59) in the same season. Habitat association of birds among the vegetation strata showed 
the highest species similarity occurred between forest interior and forest edge (CC=0.65), followed by forest 
edge and shrub (CC=0.62), and the least was between forest interior and shrub (CC=0.3). Species richness and 
composition are important parameters to maintain stability and functioning of an ecosystem. To conserve the 
rich avian diversity of Apini and Dikuma forest patches, the anthropogenic disturbances in the area should be 
minimized. 

Keywords: Diversity index, point count, relative abundance, resident birds, species similarity  
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that lead to the diversification of endemic species 
(EWNHS, 1996). According to Davies et al. 
(2007) variation in topography and temperature 
are the most important global predictors of avian 
species richness. Avian community composition, 
microhabitat selection, and guild assemblage can 
be affected by landscape features such as elevation, 
topography, proximity to water, forest patch size, 
distance between patches and the extents of forest 
edges (Hepinstall-Cymerman and Parrish, 2012). 

Some birds have been classified as forest 
interior species due to their sensitivity to forest 
fragmentation, while others are referred to as 

INTRODUCTION

Ethiopia has diverse sets of ecosystems, ranging 
from humid forests and extensive wetlands to 
deserts and supporting a wide variety of life 
forms Ethiopian Wildlife and Natural History 
Society (EWNHS), 1996; Viveropol, 2001). The 
altitudinal difference with the highest peak of Ras 
Dashen (4543m a.s.l.) and the lowest in the Afar 
depression (120m below sea level) is the main 
reason for the highest biodiversity in Ethiopia 
(Shibru Tedela, 1995; EWNHS, 1996). These 
wide ranges of altitudes have given the country a 
variety of ecologically distinct and isolated areas 
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edge species because they are favoured by forest 
fragmentation (Angelstam, 1992). Habitat edges 
can affect species directly due to altered habitat 
characteristics and indirectly by facilitating 
movement or creating habitat for competitors, 
predators and parasites (Watson et al., 2004). 
Furthermore, the natural heterogeneity found 
in many parts of the forest structure such as 
abundance of large trees, dead wood and multi-
layered stands, canopy openness, the kinds and 
amounts of resources available for breeding 
and foraging activities can also affect avian 
communities (Naka and Cintra, 2012).

A study in the extremely fragmented and dry 
northern part of Ethiopia showed the occurrence 
of more species and a higher number of unique 
species in the forest patches than in open fields 
(Aerts  et al., 2008). Therefore, understanding the 
effect of habitat disturbance on bird community 
structure is important to prioritize future 
conservation of biodiversity that are under great 
pressure either due to natural or human induced 
disturbances (Girma Mengesha  et al., 2011).

In terms of avifauna, Ethiopia is one of the most 
significant countries in Africa, and the availability 
of different habitat types contribute for their 
diversity. Thus in Ethiopia, there are more than 
857 avian species of which 20 are endemic, 29 
are globally threatened and one introduced species 
(Lepage, 2014). A number of variables have been 
found to influence bird species diversity within a 
landscape. Some landscapes exhibit high richness 
in biological diversity than others. Mountain 
ecosystems are usually recognized as biodiversity 
hotspots harbouring rich biota often with high 
number of endemic species (Thapliyal et al., 2012).
Much of the Ethiopian landscape is altered by 
agricultural activities, deforestation and over-

grazing (Aerts et al., 2008). Habitat deterioration is 
particularly threatening quality of the ecosystems. 
Avian studies have great value to determine the 
importance of the site, habitat requirement of the 
species, and to understand the population dynamics 
(Gibbons et al., 1996). Seasonal variation in avian 
community structure decreases with increasing 
vegetation complexity (Symth, 1974; Karr, 1976). 
This is apparently due to the increased buffering 
of the physical environment by more complex 
vegetation. 

Forests attract a large number of avifauna because 
of the habitat suitability for most of them (Hosetti 
and Harisha, 2009). These especially include the 
birds that are associated with the vegetation, and 
the existence of trees is vital to their life cycle. The 
Ethiopian highlands are particularly interesting as 
they comprise over 50% of the African land that 
is covered by Afro-montane vegetation (Tadesse 
Woldemariam et al., 2001). Most of the avian 
species occur in 73 Important Bird Areas (IBAs) 
(Shimelis Ayenalem and Afework Bekele, 2008). 
In Ethiopia, IBAs cover an area of about 47,757 
km2, which is 5% of the country’s total area. The 
extensive and unique conditions in the highlands 
of the country have contributed to the presence of a 
large number of endemic species. 

Awi Adminstrative Zone, which has high elevation 
and diverse flora and fauna, is one of the IBAs 
in Ethiopia. The area harbours different species 
of birds some of which are not yet recorded and 
identified. Over the years, the avian diversity in this 
area is being affected by natural and anthropogenic 
threats leading to their local extinction. Hence, 
there is a need to study on species diversity, 
relative abundance, and their habitat association 
with different vegetation strata. The objective 
of this study was to investigate community 
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composition, relative abundance, and habitat 
association of the avifauna in Apini and Dikuma 
forest patches of Awi Admistrative Zone in order to 
design appropriate conservation strategies. 
 

MATERIALS AND METHODS
Description of the study area

The present study was conducted in two forest 
patches of Awi Administrative Zone, namely Apini 
and Dikuma forest patches, which are located 
North and South of Kidamaja town, respectively, 
33 km away from Injibara town, and 380km 
northwest of Addis Ababa. Apini forest patch lies 
between UTM 0246480 to 0249034 E and 1218792 

to 1221380 N, with altitude of 2031m a.s.l., and 
Dikuma lies between UTM 0242078 to 0246110 E 
and 1212354 to 1216692 N, with altitude of 2040 
m a.s.l. (Figure.1).

The area is known with hills and undulating 
mountains and gentle to slightly steep slopes. It is 
characterized by moist Afro-montane forests with 
different vegetation strata including trees, shrubs 
and grasses. Some of the dominant tree species 
include Cordia africana, Croton macrostachyus, 
Olea sepecies, Rosa abyssinica, Acacia abyssinica, 
Albizia species, Apodytes dimidiate, Ekebergia 
capensis, Ficus vasta,  Prunus africana, Schefflera 
abyssinica, Rhus glutinosa, Pittosporum 
viridiflorum, Buddleja polystachya (Mark, 2002). 

Figure 1. Location map of the study area 
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minimize disturbance during census, waiting period 
of 3-5minutes prior to counting individuals of 
avian species was maintained (Hosteler and Martin, 
2001). Point count duration was 5-15minutes 
interval depending up on the difficulties of the area 
and the type of bird species to be identified and 
enumerated (Vielliard, 2000). All birds seen and 
heard from 25m radius were recorded. The survey 
was conducted along a series of point counting 
stations by counting the number of birds detected 
on each point counting station (Buckland, 2006). A 
total of six visits i.e. three during  the wet season 
and three during the dry season were carried 
out, and in each visit and in each site, data were 
collected for five consecutive days. 

Wet season data were collected during September 
to November 2013, while data for the dry season 
were collected during February to April 2014. Data 
were collected from 6:30 a.m. to 10:00 a.m. in the 
morning and from 3:00 p.m. to 6:00 p.m. in the 
afternoon when bird activity was maximum and 
on days with good weather conditions (Centerbury 
et al., 2000). The sequence, in which stations 
visited was in alternative ways (i.e., point stations 
observed in the morning for the first day was 
observed in the afternoon in the second day and 
vice-versa) among sampling periods to partially 
compensate for effects of hourly variation in bird 
activity (Rodriguez-Ferraro and Blake, 2008), 
and counting stations for each forest sites were 
completed in one day to make them as comparable 
as possible. 

Avian identification was based on different 
morphological features such as plumage pattern, 
size, shape, colour and calls (Redman et al., 2009), 
and using field guides (Stevenson and Fanshawe, 
2002; Redman et al., 2009), and observations were 
assisted by binoculars.

The rainfall distribution in the study area is uni-
modal with heavy rainfall from June to September. 
The highest intensity of rainfall occurs in August 
with 358.9mm and the lowest was in February 
with 1.5mm. Total amount of annual rainfall in 
the area varies between 1494.1-1907.3mm per 
year. The average annual minimum and maximum 
temperatures records were 9.3OC in January and 
33.4OC in March, respectively. 

Methods
A reconnaissance survey was carried out in August 
2013 and during this survey, an overview of the 
avifauna of the study area was observed, and 
topographical features and vegetation structure 
were assessed. Additional information about the 
area was gathered from the local people living 
around the forest patches. Global Positioning 
System (GPS) readings were used to record the 
locations and to identify the altitudinal ranges of 
the study sites.

Based on the vegetation structure, the habitats 
of the study area were grouped into forest 
interiors, shrubs and forest edges. Sampling units 
representing each habitat types were selected 
based on stratified random sampling method. The 
technique involved dividing the study area into 
blocks by choosing the location of each habitat 
with random numbers (Sutherland, 1996). Thus, 
eight sample blocks were selected at random to be 
representative of the whole study area.
Point count method was used to record the 
presence or abundance of bird species (Bibby et 
al., 2000; Buckland et al., 2001). Censuses were 
taken on 32 sampling points of which 12 were from 
forest interiors, 8 from shrubs, and 12 from forest 
edges. In each point count station, a minimum 
distance of 150 - 200m was maintained using GPS 
to avoid double counting (Vielliard, 2000). To 



Ethiop. J. Sci. & Technol. 10(1) 33-50, 2017                    37 

Data analysis 
Birds’ species diversity was analyzed using 
Shannon-Wiener Diversity Index (H′). Simpson′s 
Index of Diversity (D) was used to evaluate 
the relative abundance of avian species in each 
habitat type. Evenness (E) was used to quantify 
the unique representation of a species against a 
given hypothetical community in which all species 
are equally common (Krebs, 1999). Relative 
abundance of avian species was determined using 
encounter rates following Bibby et al. (1998).  

Encounter rate was calculated for each species 
by dividing the number of birds recorded by the 
number of hours spent searching, in order to get 
number of individuals per hour for each species. 
Abundance categories were < 0.1, 0.1 - 2.0, 2.1 
- 10.0, 10.1- 40.0 and 40+. For each category, the 
following abundance score was given 1 (rare), 
2 (uncommon), 3 (frequent), 4 (common), and 
5 (abundant). The community similarity of bird 
species of the two forest patches was assessed 
using Sorensen’s coefficient as adopted from 
Jeffery et al. (2004) as   CC = 2C ∕A+B; where CC 
= Sorensen’s coefficient; A= number of species that 
occur in site A; B= number of species that occur in 
site B; C= number of common species that occur 
in site A and site B. Community similarity among 
the three habitat types within the study sites was 
analyzed as CC = 3D ∕A+B+C; where A, B, and 
C are number of species that occur in habitat A, 
habitat B, and habitat  C, respectively, and D is 
number of common species that occur in the three 
habitat types of each sites.

RESULTS  

A total of 95 bird species belonging to 11 orders 
and 44 families were identified during the present 
study with 79 and 83 species during the wet 

and the dry seasons, respectively. Among them 
67 species were common for both seasons, 12 
species were recorded only during the wet season, 
and 16 species only during the dry season. The 
highest number of species was recorded for the 
families Ploceidae, Accipitridae, and Columbidae, 
which were followed by Sturnidae, Turdidae, 
Muscicapidae and Corvidae. Order Passeriformes 
contained the highest number of families (29) and 
species (62). Among the 95 bird species, 93 are 
residents, one is intra-African migrant and one is 
Palaearctic migrant. 

Seven of the total species identified namely yellow-
fronted parrot (Poicephalus flaviforns), black 
winged love bird (Agaporni staranta), Abyssinian 
long claw (Macronyx flavicollis), Abyssinian cat-
bird (Parophasma galinieri), African hill-babbler 
(Pseudoalcippe abyssinica), Abyssinian ground 
thrush (Zoother apiaggiae), and Abyssinian 
crimson wing (Cryptospiza salvadorii) were 
endemic to Ethiopia.

Species diversity
The highest number of avian species was recorded 
in Dikuma forest patch both during the wet and 
dry seasons. The Shannon-Weiner diversity 
index revealed that more avian species diversity 
(H′=3.84) was recorded in Dikuma during the dry 
season and the least (H′ =3.59) was recorded in 
Apini in the same season (Table 1).  Avian species 
were evenly distributed in these areas as indicated 
by the evenness value (E=0.89). 

Distribution of avian species
The three habitat types namely forest interiors, 
shrubs, and forest edges varied in the number of 
avian species diversity and abundance. During the 
wet and dry seasons, the highest number of species 
was recorded in the forest edges, followed by forest 
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Table 1. Avian species diversity in the study area during the wet and dry seasons
 

Study area Season
No. of 
species

I n d i v i d u a l 
abundance

D H′ E

Wet
64 1956 0.97 3.66 0.88

Apini Dry 58 1698 0.96 3.59 0.88

Both seasons 57 1804 0.97 3.61 0.89

Wet
67 2408 0.97 3.73 0.89

Dikuma Dry 77 2444 0.97 3.84 0.88

Both seasons 61 2188 0.97 3.64 0.89

Note:  D=Simpson′s Index of Diversity, H′ =Shannon-Weiner Index, E =Evenness

Figure 2. Avian species distribution among the three habitat types
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Species similarity between the two forest patches 
indicated that the maximum value of seasonal 
species similarity was observed in Apini forest 
patch (Table 3).

Species similarity between the two forest patch 
communities were CC= 0.77 and CC= 0.79 in the dry 
and wet seasons, respectively. The overall community 
similarity of the two forest patches were (CC= 0.73). 
Community similarity among the three habitat types 
during both the wet and dry seasons indicated that 
relatively high similarity was recorded between 
forest interior and forest edge (CC= 0.65). Similarity 
between shrubs and forest edge was (CC= 0.62), and 
the lowest species similarity was obtained between 
forest interior and shrubs (CC=0.3). 

interior, and the lowest was observed in shrubs. 
Shrubs had less avian diversity than other habitats 
regardless of season and site. Apini, forest interior 
and forest edge did not show difference in bird 
species diversity (Figure 2).

Relative abundance

Relative abundance of avian fauna in the Apini 
and Dikuma forest patches during the wet and dry 
seasons indicated that 107(40.2%) of the individual 
birds encountered were frequent, 89(33.5%) were 
uncommon, and 70(26.3%) were common species. 
This indicated that there were more uncommon 
species in Apini during the wet season and frequent 
species in Dikuma during the dry season (Table 2).

Table 2. Relative abundance of birds in the study area during the wet and dry seasons

Study area Season Uncommon species Frequent species Common species

Apini Wet 26 22 16

Dry 22 20 16

Dikuma Wet 20 28 19

 Dry 21 37 19

Table 3. Percentage of seasonal species similarity within the same forest type

Study area Season
Number of common 
species

 Species similarity between 
seasons                   

Wet Dry

Apini
64 58 57 93.4%

Dikuma
67 77 61 84.7%                                       
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DISCUSSION

Apini and Dikuma forest patches have quite diverse 
flora, which harbour 95 species including seven 
endemic species of Ethiopia. Ten avian species 
such as African citril (Serinus citrinelloides), 
white winged cliff chat (Thamnolaea semirufa), 
Abyssinian oriole (Oriolus monacha), white 
backed black tit (Parus leuconotus), thick billed 
raven (Corvus crassirostris), white throated seed 
eater (Serinus xanthopygius), banded barbet 
(Lybius undatus), Abyssinian wood pecker 
(Dendropicos abyssinicus), wattled ibis (Bostrychia 
carunculata), and white collared pigeon (Columba 
albitoraues) are shared endemic species between 
Ethiopia and Eritrea. This coincides with the result 
of Teklu Gosaye (2011) as he reported that five 
endemic species of Ethiopia and seven endemic 
species shared with Eritrea in south west shoa, 
Ethiopia. In the present study, birds belonging 
to family Passeriformes are the most abundant 
which is in line with Kalkidan Esayas (2010), 
and Girma Mengesha et al. (2011) indicating that 
Passeriformes are the most diversified avian family 
in the country.

The abundance and diversity of bird species were 
the highest during the dry season in Dikuma forest 
patch. This might be due to an increased frequency 
of fruiting and flowering trees such as Schefflera 
abyssinica, Ficus vast, Prunus africana, Apodytes 
dimidiate in the area. Moreover, the presence of 
Jungi and Sahesahi forest patches in the nearby 
eastern and southwestern direction, respectively, 
with sufficient perennial rivers including Girdi 
River and Ardi River, and the presence of crop 
farm lands closer to the forest might have 
contributed to the presence of more avian species 
in Dikuma forest during the dry season. 

Moreover, the presence of different plant 
composition in Dikuma forest patch supports the 
greater bird species since each plant species can 
support different avian communities. As reported 
by Nabaneeta and Gupta (2010) bird species 
richness and abundance are influenced by the 
size of habitat patches, local resource availability 
and vegetation composition. However, studies by 
Hansson (1997) indicated that the number of plant 
species was not clearly correlated with the number 
of bird species.

In the present study, avian species diversity and 
abundance were relatively highest at the forest 
edges as edges are more heterogeneous, which 
was followed by forest interiors, and the least 
record was in shrubs. This is because the number 
of avian species is strongly correlated to site areas 
but not to internal heterogeneity (Hansson, 1997). 
Hence, diversity and abundance of avian species 
were distributed differently among different 
microhabitats. This might relate with the idea that 
change in habitat characteristics could influences 
species diversity and their relative abundance. 

Forest edge habitat had the highest diversity 
and abundance of birds. This might be due to the 
availability of enough food which attracts birds 
that feed on fruits and seeds, increase in light 
intensity, larger fluctuations in temperature and 
humidity. This is in line with the results of Laiolo 
and Rolando (2005), Aich and Mukhopadhyay 
(2008) who confirmed that forest edge has the 
greatest diversity and abundance of birds compared 
to forest interior and shrubs. However, Peake and 
Ritchison (1998) argued that high edge predation 
rate might force some species of birds to shift their 
nest towards places where sufficient cover to hide 
the nest is available in order to avoid predation.
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The forest interior is the second in species diversity 
and abundance, and the diverse micro-habitat such 
as tree density, fallen logs and standing dead trees 
might have great contribution. As the number of 
vegetation layer increases, the number of available 
niches also increases and so does the diversity 
of avian species.  This is similar to a study by 
Greenberg and Langham (2001) who described that 
an abundance of arthropod foods, nesting materials, 
micro sites for nesting, and vegetative structure are 
the primary factors that attract breeding birds to the 
forest gaps.

The lowest abundance and diversity of species 
was observed in shrubs. This might be attributed 
to high human disturbance and livestock grazing 
in shrub habitats. This idea agrees with the report 
of Mahood et al. (2012) as shrubs are essential 
components of an anthropogenic and heavily 
disturbed matrix, which is usually less suitable for 
conservation of biodiversity. Intensive grazing of 
domestic livestock, primarily cattle is correlated 
with decreased structural complexity of forest 
vegetation, and this led to the decline  and loss 
of a wide variety of avian species in shrub lands 
(Scott et al., 2003). Over grazing in the shrub 
habitat results in flushing of nests by rain due 
to the absence of hay material for nesting birds. 
Unavailability of hay causes exposure which 
allows the birds of prey to approach the eggs or 
chicks of breeding birds (Ali and Bibi, 2013).

The presence of more uncommon species of 
birds in Apini forest patch both during the wet 
and dry seasons might be due to the relatively 
large home range and niche of the species. Ryan 
and Owino (2006) suggested that the presence of 
large number of uncommon species in a certain 
area could be related to the breeding nature and 
large home range of the species. It is realized that 

some species of birds stay fluctuating in the same 
habitat both in the wet and dry seasons, and some 
others such as common fiscal (Lanius collaris), 
swainson´s sparrow (Passer swainsonii) and red 
billed fire finch (Lagonosticata senegala) change 
their habitat, and use farmland when crops are 
on the field. During the post harvest period, they 
tend to concentrate to forest edges. This variation 
in abundance and occupancy over time was also 
observed even in species with a relatively stable 
population (Gaston et al., 2000). 

Some of the most common species in the two forest 
patches were mountain thrush (Turdus abyssinicus), 
Abyssinian oriole (Oriolus monacha), Ethiopian 
boubou (Laniarius aethiopicus), common bulbul 
(Pycnonotus barbatus), greater blue-eared starling 
(Lamprotornis chalybaeus), scarlet chested sun 
bird (Chalcomitra senegalensis), Rueppell´s robin-
chat (Cossyph asemirufa). The presence of nectar 
feeding insects, large branched fruiting trees and 
suitable weather conditions might have contributed 
to the occurrence of these species in the two study 
sites.

The insignificant seasonal difference in the 
diversity of bird species within the same forest type 
in the present study is in agreement with Symth 
(1974), Karr (1976), and  Karr and Freemark 
(1993). This might be due to the presence of 
structurally complex vegetation types that buffer 
the effect of seasonality. There is also a greater 
stability in resource availability which allows 
species to occur as residents throughout the year. 
However, this idea disagrees with the work of 
Kalkidan Esayas (2010) and Teklu Gosaye (2011) 
as they observed additional avian species during 
the wet season. 
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The Sorensen´s coefficient showed that the overall 
community similarity of the two forest patches 
were relatively high (CC= 0.73). This indicated 
that bird habitat association of the two forest 
patches is nearly similar. Geographic proximity 
and similar climatic conditions between the 
two study sites might lead to the occurrence of 
similarities in bird community. Among the different 
habitat types, avian species similarity was higher 
between forest edge and forest interior. Tubelis and 
Cavaicanti (2001) noted that similarity of avian 
species composition between habitats indicates a 
tendency for similar habitats to have similar species 
composition. In contrast, the lowest avian species 
similarity was observed between forest interior 
and shrub. This is probably due to the differences 
in feeding adaptation of avian communities in each 
habitat. Aich and Mukhopadhyay (2008) described 
that canopy closure supports more of habitat 
specialist species, while areas under anthropogenic 
influence harbours more of opportunistic bird 
species. 

CONCLUSION AND 

RECOMMENDATIONS

The present study showed that Apini and Dikuma 
forest patches support diversified bird species 
belonging to different families and orders. Family 
Ploceidae, Columbidae, and Accipitridae are 
the most widely distributed families in the area. 
Seven endemic bird species of Ethiopia and ten 
endemic species shared with Eritrea are identified 
in the study area. Diversity and abundance of avian 
species are relatively higher at forest edges than 
forest interiors and shrubs. Regardless of various 
avian species and other faunas available in the 
present study area, the attention given to conserve 

its biota is not significant. Forests are managed for 
human uses primarily for livestock grazing and 
firewood rather than for biodiversity conservation. 
Therefore, habitat disturbance due to various 
anthropogenic activities have a prominent impact 
on the abundance and diversity of birds in the 
study area.

As the conservation effort in the area is minimal, 
the long term survivals of range- restricted 
birds are threatened by ongoing and expanding 
vegetation changes. Therefore, it is necessary 
to take appropriate conservation measures to 
mitigate the expansion of human interference 
before large scale destruction is made. Thus, to 
ensure the avifauna diversity and abundance in 
the area, the fuel wood demand of the local people 
should be replaced by alternative energy sources. 
Moreover, awareness creation of the local people 
and participatory conservation strategies should 
be practiced in order to conserve avian species in 
the area. 
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Removal of cadmium ions from aqueous solution using very small ionic liquids to water ratio 
without metal chelator and pH modifications

Atakilt Abebe1*, Sossina Tilahun1, Mikias Mesfine1 and Minaleshewa Atlabachew1

1Department of Chemistry, Bahir Dar University, Bahir Dar, 79, Ethiopia

ABSTRACT

Solvent extraction is an energy-efficient technology which uses two immiscible phases. In this regard, solvents 
like hydrophobic 1-butyl-3-methylimidazolium hexafluorophosphate based ionic liquids have been used. 
The hydrophilicity of the metal ions is a challenge to use this method. Coordinating the metal ions by ligands, 
lowering the pH of the aqueous phase, modifying the ionic liquid itself in such a way that it can coordinate 
with the metal ions, employment of large ionic liquid to aqueous phase ratio (minimum of 1:1) were also the 
attempts made to improve the distribution coefficient of the ionic liquids. All these efforts are problematic in 
hindering the applications of ionic liquids in extraction.  In this report, the extraction efficiencies of ionic liquids 
(C4mim][PF6], [C6mim][PF6] , [C8mim][PF6] and  [C10mim][PF6]) from water samples containing  Cd2+  using 
very small ionic liquid to water ratio (1:6 and 1:12) from a solution of concentrations 0.005 mg/L  with out using 
any coordinating agent as an extractant and the need of changing the pH are disclosed.   While ionic liquids to 
aqueous phase ratio 1:12 demonstrated extraction efficiencies of 75%, 83.75%, 87.50% and 100%, respectively; 
the 1:6 ratio extracted 87.50%, 100%, 100% and 100%, respectively which shows suitability of the later ratio 
for better extraction. Moreover,  the recyclabilities of [C6mim][PF6] and  [C8mim][PF6] was investigated and the 
result showed that they can be used at least for five cycles. A Linear calibration curve with good coefficient of 
determination was obtained during the analysis for determination of the metal in the extracts.

Key words: Cadmium(II), Ionic Liquids, Extraction, Recyclability, Small Ionic  Liquid to Water Ratio.

DOI: http://dx.doi.org/10.4314/ejst.v10i1.4

INTRODUCTION

The concentration of toxic heavy metals in 
natural water bodies has been increasing (Motsi 
et al., 2009; Hernandez et al., 2010; Pinto et al., 
2011).  Heavy metals such as cadmium, zinc, lead, 
chromium, nickel, copper, vanadium, platinum, 
silver, and titanium are generated in electroplating, 
electrolysis depositions, conversion coating, and 
anodizing-cleaning, milling, and etching industries. 
Significant amount of heavy metals wastes like tin, 
lead, and nickel result from printed circuit board 
(PCB) manufacturing. Wood processing industries 
where a chromated copper-arsenate wood treatment 

produces arsenic containing wastes; inorganic 
pigment manufacturing producing pigments 
contain chromium compounds and cadmium 
sulfide; petroleum refining generates conversion 
catalysts contaminated with nickel, vanadium, 
and chromium; and photographic operations 
producing film with high concentrations of silver 
and ferrocyanide. All of these generators produce 
a large quantity of wastewaters, residues, and 
sludge that can be categorized as hazardous wastes 
requiring extensive waste treatment (Gunatilake, 
2015). Consequently, they are accumilated in food 
chains that pose a threat to human health, animals 
and plants and ecological systems (Manahan, 2011; 

*Corresponding author: atakiltabebe1@gmail.com
© This is an Open Access article distributed under the terms of the Creative Commons Attribution License
 (http://creativecommons.org/licenses/CC BY4.0).
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Gunatilake, 2015). Therefore, efficient treatment of 
water by removing toxic heavy metals has been one 
of the major concerns.  A number of specialized 
processes have been developed for the removal 
of metals from waste discharges. These include 
chemical precipitation (Ku and Jung, 2001), 
coagulation/flocculation (Samrani et al., 2008), 
ion exchange (Kang et al., 2004), electrochemical 
operations (Wang et al., 2007), biological 
operations (Pavasant et al., 2006), adsorption 
(Fu and Wang, 2011), filtration, and membrane 
processes (Landaburu-Aguirre et al., 2009). The 
choice of method is based on the concentration 
of the metal ions in the solution and the cost of 
treatment (Richardson and Harker, 2002). Solvent 
extraction is an energy-efficient technology which 
uses two immiscible phases (conventionally an 
organic phase and an aqueous phase) (Alonso 
et al., 2006; de los Ríos et al., 2009). In this 
regard, different solvents have been used in the 
recovery and separation of metals from aqueous 
solutions. One way of removing metal ions from 
an aqueous phase is by dissolving extractants 
such as di(2-ethylhexyl) phosphoric acid, tris(2-
ethylhexyl)amine, liquid phosphine oxides in an 
organic solvent such as kerosene and toluene. One 
disadvantage of this method of extraction is the 
loss of organic solvents via volatilization, which 
has a detrimental impact on the environment and 
human health (Lancaster, 2010). Consequently, 
different attempts have been implemented to 
minimize these draw backs. Replacement of the 
volatile organic solvents by non-volatile ones such 
as ionic liquids (ILs) is among such efforts (Wei et 
al., 2003; Domańska and Zhao, 2005; Platzer et al., 
2015). 
Ionic liquids (ILs) are low temperature melting 
salts (below 100 0C) (Villar-Garcia et al., 2012; 
Atakilt Abebe et al., 2013). They are fundamentally 
different from salt solutions and molecular 

solvents. They are well characterized by unique 
properties, such as negligible vapor pressure, good 
thermal stability, tunable viscosity and designed 
miscibility with water and organic solvents, good 
extractability for various organic compounds 
as well as possession of cavities in their three 
dimensional microstructure (Huang et al., 2005). 
For ionic liquids to be effectively used as solvents 
in liquid–liquid extractions, the knowledge of 
the mutual solubilities between ILs and the 
second liquid phase is fundamental. The mutual 
solubilities of water and imidazolium-based ILs 
were extensively studied and reported elsewhere. 
The results indicate that mutual solubilities are 
primarily defined by the anion followed by the 
cation alkyl side chain length. Methylimidazolium 
based ILs with the anion PF6

-are totally 
hydrophobic and the mole fractions of water in 
[C4mim][PF6], [C6mim][PF6], [C8mim][PF6] and 
[C10mim][PF6] at 298 K are reported to be 0.23%, 
0.18%, 0.16% and 0%, respectively (Freire et al., 
2007).

At present, ILs mostly used in extraction of metal 
ions from aqueous phase are the hydrophobic 
1-butyl-3-methylimidazolium hexafluorophosphate, 
[C4mim][PF6], or 1-hexyl-3-methylimidazolium 
hexafluorophosphate, [C6mim][PF6] or other 
ILs with hexafluorophosphate, PF6

−, or 
bis{(trifluoromethyl)sulfonyl}imide, NTf2

−, 
anions (Visser et al., 2001; Wei et al., 2003; Dietz, 
2006). Charged metal ions are usually insoluble 
in hydrophobic ionic liquids (IL), so extractants 
are necessary in the IL’s phase just as in organic 
solvent (Villemin and Didi, 2014). Therefore, 
researchers exerted different efforts to increase the 
distribution coefficients of the ILs by increasing the 
metal’s hydrophobicity. This included employment 
of extractants to  form complexes with metal ions 
(Wei et al., 2003), grafting coordinating agents 
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on the cations of the ILs themselves (Visser et 
al., 2002), modifying the pH condition using 
hydrochloric acid solutions (Wei et al., 2003; 
Hernandez et al., 2010). Large IL to water ratio 
quantity (1:1) was also employed (Earle and 
Seddon, 2000; Sereshti et al., 2014). Moreover, the 
extraction activities using ionic liquids were carried 
out from water samples containing far greater  
concentrations (Hernandez et al., 2010) than the 
metal ions found in real samples (Xu et al., 2010). 
The addtional steps in modifying the ILs were 
found to incur additional synthetic cost and 
elongated time. Moreover, the use of large IL 
(which are expensive) (Abbott et al., 2004; Hayyan 
et al., 2013) to aqueous phase ratio makes the 
employment of these types of ILs impractical. 

There is no literature report on the  extraction 
of toxic heavy metals in general and Cd2+ in 
particular minimizing the above problemes 
combined. Taking this gap as an opportunity, 
herein, we investigate the extraction efficiencies 
of ILs, namely [C4mim][PF6], [C6mim][PF6], 
[C8mim][PF6] and [C10mim][PF6], from water 
samples containing Cd2+ using very small IL 
to water ratio (1:12 and 1:6) from a solution of 
concentrations nearly similar to its existence in 
the real samples with out using any coordinating 
agent as an extractant and the need of changing 
the pH.  Moreover, the extent at which ILs can 
be used repeatedly as much as possible were 
investigated. These facts reported here may 
reduce the concern about the high cost of the 
solvent jointly with the problems associated with 
their disposal. Thus, the scientific and industrial 
community may be encouraged to be benefited 
from the attractive numerous properties of ILs 
from the implementation of this technology in 
research and production. 

EXPERIMENTAL

Materials
The chemicals used in this investigation 
were 1-Methylimmidazole, 1-chlorobutane, 
1-bromohexane, 1-bromooctane and 
1-bromodecane  (Fairfield, OH, USA), potassium 
hexafluorophosphate (Rockford, IL, USA), 
acetone, ethyl acetate, diethyl ether, paraffin, tetra 
hydrated cadmium nitrate were obtained from 
Sigma-Aldrich-Fluka Chemical Co, Madrid, Spain. 
1H NMR and 13C NMR spectra were recorded on 
400 MHz NMR spectrometer (Bruker Avance 400 
NMR spectrometer at 400 MHz, Germany) by 
dissolving approximately 10 mL of the sample in 
CDCl3.

Inductively coupled plasma optical emission 
(ICP-OES) spectroscopy (“ULTIMA-2” HORIBA 
scientific, Japan) was employed in the investigation 
of the extraction efficiency. The operating 
parameters of ULTIMA-2 ICP- OES spectrometer 
for the analysis of Cd+2 is summarized as in the 
table below (Table 1).

Synthesis of the ionic liquids (ILs)
Three new ILs were synthesized and purified 
according to reported procedures (Bonhote et al., 
1996). The ILs were synthesized in two steps. 
The first step involved synthesis of ILs with 
halide anions and the second step, exchange of the 
halide anions with hexafluorphosphate, PF6

- and 
characterized using 1H and 13C NMR.

Sample preparation for extraction process
A 0.005 mg/L Cd2+ solution was prepared following 
appropriate dilution from 183 mg/L stock solution 
which was prepared by dissolving 0.5 g of 
Cd(NO3)2.4H2O in distilled water. 
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Extraction of Cd2+ from the aqueous phase by 
ILs

Traditionally, large IL to water ratio (minimum of 
1:1) is been reported for the extraction of metal 
ions from aqueous phase (Earle and Seddon, 
2000; Sereshti et al., 2014).  However, ILs are 
expensive that makes their application for this 
purpose expensive.  To fill this gap, smaller IL to 
water ratios (1:6 and 1:12) were used to remove the 
metal ions which significantly minimizes the cost 
of extraction.

Extraction using 1:6 IL to aqueous phase ratio 
Exactly 6 mL of a 0.005 mg/L  cadmium ion 
(Cd2+) solution was transferred to a 25 mL 
conical- flask, to which 1 mL IL ([C4mim]
[PF6]) was added and two phases were formed. 
The mixture was shaken mechanically for 1 h at 
room temperature and then allowed to stand to 
attain equilibrium and phase separation. Then, 
4 mL aqueous phase was taken from the mixture 
and diluted to 25 mL using distilled water. The 
concentration of cadmium ion that was left in 
the aqueous phase (not extracted by the IL) was 

determined by ICP-OES. The IL phase was placed 
in a clean and dry beaker, to which 10 mL, 69–72 
% HNO3 was added and the content was heated 
gently until a few drops remained in the beaker. 
The latter step was repeated three times until the 
entire organic portion was removed. Then the 
residue was dissolved and diluted using distilled 
water in a 25 mL volumetric flask. Similar 
procedure was followed for the remaining ILs 
([C6mim][PF6], [C8mim][PF6], and [C10mim]
[PF6]). For the control solution, exactly 4 mL of 
0.005 mg/L of Cd2+ solution was taken, diluted 
to 25 mL using distilled water and analyzed by 
ICP-OES.  Each experiment was repeated three 
times. The precision of the method was evaluated 
by calculating standard deviation (SD) and 
relative standard deviation (RSD) of the replicate 
measurements. For all the data obtained, the 
%RSD values were below 5% which signifies the 
repeatability of the procedure. 
The extraction ability of the ILs from the 
aqueous phase was investigated by measuring the 
concentration of Cd2+ in the aqueous phase before 
and after the extraction process and in the ILs after 
the extraction. 

Table 1. The operating parameters of ULTIMA-2 ICP- OES for the analysis of Cd+2.

Parameters Value

RF generator plasma power (W) 1500

Plasma gas flow rate ( L/min) PL1

Auxiliary gas flow rate (L/min) 0.3

Nebulizer or carrier gas flow rate (L/min) 0.53

Nebulizer pressure 1.76

Spectra line ( analytical wave length) (nm) 228.802

Sample replicates 3

Maximum integration times (sec.) 5
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Extraction using 1:12 IL to aqueous phase ratio 
Similar procedure as above was employed except 
that 0.5 mL of IL was used as extractant. 

Recyclability of the ILs
The reusability of the ionic liquid was evaluated by 
taking solution of cadmium metal ion. The same 
ionic liquid was used repeatedly after stripping 
Cd+2 from the ionic liquid after each extraction 
step was carried out. In this case, 1 mL of [C6mim]
[PF6] was transferred to 25 mL conical flask and 
mixed with 6 mL aqueous phase containing 1.2 
mg/L cadmium metal ion. It was shaken for 1 
hr and left to stand for 40 minute. The cadmium 
metal ion concentration in the aqueous phase was 

determined. Then after 3 mL of 0.1 M HNO3 acid 
solution was added to the ionic liquid phase and 
shaken to strip the Cd+2 from ionic liquid. The 
acid was removed from the IL washing with 5 mL 
distilled water three times and then extraction was 
carried out as above. The extraction and stripping 
was repeated five times. The same procedure was 
followed for [C8mim][PF6].

Calibration of the ICP-OES instrument
The ICP-OES was calibrated using standard 
solutions of cadmium ion concentrations 
indicated in Table 2. The results clearly show 
that the calibration curve with good coefficient of 
determination was obtained during the analysis.

Table 2. Working standards of the calibration curve for determinations of Cd2+ using ICP-OES.

Standards Concentration(µg/mL)      Intensity Regression equation 

1 0.1 435460.00

Y = 434630.3 + 843.7X
R2 = 0.99943

2 1.0 435463.57

3 2.0 436357.43

4 3.0 437106.78

5 4.0 438037.02

6 5.0 438842.40

7 6.0 439692.41

RESULTS AND DISCUSSION

Characterization of the ILs
Nuclear magnetic resonance (NMR) spectroscopy 
is one of the powerful techniques by which 
the synthesis and purity of ILs is investigated. 
Therefore, proton(1H) and carbon (13C) NMR 
spectra were  employed  to check the synthesis and 
purity of the ILs used to carry out the extraction 
experiments.

The synthesis of the ILs by alkylation of 
N-methylimidazole using the different alkyl 
halides was evident from the appearance of the 
characteristic picks representing each type of H 
and C on their corresponding chemical shifts in 
the NMR spectra. The appearance of more number 
of peaks in the up field in the NMR justifies the 
successful alkylation of N-methylimidazole (Table 
3, Figures 1 and 2).
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Table 3.  1H NMR and 13C NMR chemical shifts of the ILs in CDCl3 

IL(Compound) 1H NMR chemical shift (ppm)
13C NMR chemical shift 
(ppm)

Non 
quaternized 
mim

δ (ppm)= 3.52(3H, s, CH3-N), 6.88 (1H, d, N-CH-
CH-N), 7.08 (1H, d, N-CH-CH-N), 7.47 (1H, s, 
N-CH-N).

δ (ppm)= 30.4, 120, 130, 138

[C4mim][PF6]

δ (ppm)= 0.70 (3H, t, CH3), 1.13 (2H, m, CH2), 
1.70 (2H, m, CH2), 3.72 (3H, s, CH3-N), 4.01 (2H, 
t, N-CH2-CH2), 7.20 (1H, d, N-CH-CH-N), 7.21 
(1H, d, N-CH-CH-N), 8.27 (1H, s, N-CH-N).

δ (ppm)= 12.97, 19.00, 31.49, 
35.72, 49.45, 122.17, 123.42, 
135.50

[C6mim][PF6]

δ (ppm)= 0.71 (3H, t, CH3), 1.16 (6H, m, 3(CH2), 
the consecutive three CH2 groups next to the up 
field CH3 group), 1.72 (2H, m, CH2), 3.76 (3H, 
s, CH3-N), 4.02 (2H, t, N-CH2-CH2), 7.22 (1H, 
d, N-CH-CH-N), 7.24 (1H, d, N-CH-CH-N), 8.3 
(1H, s, N-CH-N)

δ (ppm)= 13.37, 22.12, 25.49, 
29.88, 30.80, 35.78, 43.78, 
122.14, 123.48, 136.61

[C8mim][PF6]

δ (ppm)= 0.78 (3H, t, CH3), 1.2 (10H, m, the five 
consecutive CH2 groups attached with the up field 
CH3 group), 1.79 (2H, m, CH2 which is attached 
with the down field CH2, i. e N-CH2), 3.82 (3H, s, 
CH3-N), 4.05 (2H, t, N-CH2), 7.25 (1H, d, N-CH-
CH-N), 7.27 (1H, d, N-CH-CH-N), 8.36 (1H, s, 
N-CH-N)

δ (ppm)= 13.97, 22.48, 26.00, 
28.77,28.89, 29.81, 31.59, 
35.93, 49.93, 122.18, 123.60, 
136.63

[C10mim][PF6]

0.814 (3H, t, CH3 up field), 1.23 (16H, 8(CH2)), 
1.8 (2H, m, CH2, which is attached to the down 
field CH2-N group), 3.83 (3H, s, CH3-N), 4.07 
(2H, t, -N-CH3), 7.27 (2H, s, -N-CH-CH-N), 8.38 
(1H, s, -N-CH-N)

δ (ppm)= 14.05, 22.82, 28.09, 
28.90, 29.29, 29.31, 29.45, 
29.87, 31.81, 35.98, 49.95, 
122.19, 123.83, 138.88
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Figure 1. 1H NMR spectrum of (a) [C4mim][PF6], (b) [C6mim][PF6], (c) [C8mim][PF6], (d)[C10mim]
[PF6]

 Figure 2.  13C spectrum of (a)[C4mim][PF6], (b) [C6mim][PF6], (c)[C8mim][PF6], (d)[C10mim][PF6]
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Extraction efficiency of the ILs
The Concentrations of Cd2+ in the aqueous and ILs 
phases before and after the extraction are indicated 
in Table 4. The trend of the extraction efficiencies 
are indicated in Figures 3. 

Extraction of Cd2+ from the aqueous phase was 
achieved using all ionic liquids. Even though 
Cd2+ is hydrophilic, a good amount was found 
transferred to the IL phase up on shaking. The 
metal ions are transferred to the ILs probably being 
trapped by the cavities in the microstructures of 
the ILs (Huang et al., 2005). It is also clear that 
the extraction ability of the ILs increases with the 
alkyl chain length on the cation (Table 4, Figure 
3). This is speculated to be due to the increase in 
the three dimensional cavity size and density as the 
alkyl chain length increases. For a given IL, better 
extraction was achieved when the IL to aqueous 
phase ratio is 1:6 (Table 5) compared to 1:12(Table 
4). This may be due to the larger number of cavities 
in the IL in the former ratio. 

However, complete (100%) extraction is 
observed by [C10mim][PF6] from both IL 
to aqueous phase ratios (1:6 and 1:12) in 
consistence with the significant increase in 
the three dimensional cavity density increase 
following the alkane chain length increase in the 
cation. Nevertheless, since viscosity is a function 
of alkane chain length on charge carrying head 
(Wasserscheid and Welton, 2008), [C10mim][PF6] 
has the highest viscosity among the ILs tested 
here and hence limit its ease of application. 
Previous experiments on extraction of toxic 
heavy metal ions from aqueous environment 
showed %E as high as 99.3%. This was achieved 
after employing several modifications including 
using coordinating molecules Dithizone to 
lower the hydrophilicity of the metal ion, 
lowering of pH, modification of the ILs by 
grafting coordinating appendages on the cation ( 
Domanska and Rekawek, 2009). Compared with 
the latter, this work is far cost and time effective. 

Table 4. Extraction of Cd+2 at T=298 K, using IL to aqueous phase ratio of 1: 12.

       
        ILs

(Ci)aq

(µg/L)
(Cf)aq

(µg/L)
CIL

(µg/L)

RSD%

% E(Cf)aq CIL

[C4mim] [PF6] 0.80 0.20 ± 0.002 0.54 ± 0.0108 1.00 2.00 75.00

[C6mim] [PF6] 0.80 0.13 ± 0.006 0.63 ± 0.033 4.61 5.23 83.75

[C8mim] [PF6] 0.80 0.10 ± 0.0014 0.69 ± 0.007 1.40 1.020 87.50

[C10mim] [PF6] 0.80 0.0 ± 0.0 0.80 ± 0.0220 0.0 2.72 100.0

Where (Ci)aq: concentration of the Cd+2 in the aqueous phase before extraction; (Cf)aq: concentration of the 
Cd+2 in the aqueous phase after extraction; and 
CIL: concentration of the Cd+2 in the ionic liquid phase
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Table 5. Extraction of Cd+2 at T=298 K, using IL to aqueous phase ratio of 1: 6

ILs
(Ci)aq

(µg/L)
(Cf)aq

(µg/L)
CIL

(µg/L)

RSD%

% E(Cf)aq CIL

[C4mim] [PF6] 0.80 0.10 ± 0.0009 0.67 ± 0.037 0.9 5.522 87.50

[C6mim] [PF6] 0.80 0.00 ± 0.0 0.79 ± 0.055 0.0 5.696 100.0

[C8mim] [PF6] 0.80 0.00 ± 0.0 0.80 ± 0.009 0.000 1.123 100.0

[C10mim] [PF6] 0.80 0.00 ± 0.0 0.80 ± 0.042 0.000 5.024 100.0

 
Where (Ci)aq: concentration of the Cd+2 in the aqueous phase before extraction;  
 (Cf)aq: concentration of the Cd+2 in the aqueous phase after extraction; and 
 CIL: concentration of the Cd+2 in the ionic liquid phase.

Figure 3: Trends of extractions at 298K, IL to aqueous phase ratio of a) 1:12, b)1:6

The re-usability of two ILs was tested by recycling 
five times each. The concentration of Cd2+ 
before and after the extraction in the aqueous 
phase for each cycle is indicated in Table 6. The 
trend of the extraction ability of the ILs for each 
cycle is showed in Figure 4a-b. The reusability 
investigations was conducted employing ILs with 

intermediate alkane chain length ([C6mim][PF6] 
and [C8mim][PF6]) in order to have a good picture 
of their reusability. The reusability investigations 
(Table 6, Figure 4a-b) indicate that ILs can be 
recycled for reuse in liquid-liquid extraction 
of metal ions by freeing the cavities where the 
metal ions are trapped out from the aqueous 
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Table 6: The concentration of Cd2+ before and after the extraction in the aqueous phase for each cycle at 
298K and IL to aqueous phase ratio 1:6 of a) [C6mim] [PF6], b) [C8mim] [PF6]

a b

Cycle (Ci)aq (Cf)aq RSD% % E Cycle (Ci)*aq (Cf)aq** RSD% % E

(mg/L) (mg/L) ( mg/L) (mg/L)

I 1.2 0.883 ± 0.025 2.862 26.43 I 1.2 0.767±0.020 0.263 36.13

II 1.2 0.950 ± 0.037 3.848 20.83 II 1.2 0.839 ±0.047 0.556 30.09

III 1.2 0.983 ± 0.035 3.602 18.11 III 1.2 0.846 ± 0.023 0.275 29.49

IV 1.2 1.039 ± 0.058 5.571 13.42 IV 1.2 0.966 ± 0.043 0.446 19.53

V 1.2 1.065 ± 0.036 3.407 11.25 V 1.2 1.03 ± 0.046 0.447 14.17

 *(Ci)aq: concentration of the Cd+2 in the aqueous phase before extraction;   **(Cf)aq: concentration of the 
Cd+2 in the aqueous phase after extraction

           
   a       b
Figure 4: Trend of the extraction ability of the ILs at different cycles at 298K and IL to aqueous phase ratio 
1:6 a) [C6mim] [PF6], b) [C8mim] [PF6]

phase. However, the efficiency decreases for each 
subsequent extraction in all the ILs employed here. 
This may be due to the interference of H+ on the 
adsorption cavity of the IL from the acid employed 
to leach the adsorbed Cd2+ from the subsequent 

solution. For each cycle of extraction in the 
recyclability experiment, the extraction efficiency 
is found to increase with the alkyl chain length on 
the cation. The recovered ionic liquid was reused 
successively to the same kind of extraction method. 
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CONCLUSION

The experiment result indicated that merely 
shaking mixture of very small ionic liquid to 
aqueous phase ratio as low as 1:12 for an hour is 
capable of extracting Cd2+ with 75-100% efficiency 
from the aqueous phase depending on the alkyl 
chain length on the cation of the IL. Each IL could 
extract the metal ion for more than five cycles even 
though a continuous decrease in the efficiency is 
observed due to the inability to completely remove 
the H+ used to leach the Cd2+ from each succeeding 
step.  These results demonstrate that ILs are good 
alternatives in the treatment of polluted water by 
toxic trace heavy metals such as Cd2+. 
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ABSTRACT
Socio-demographic and clinical factors have been known to affect the time to microvascular complications and 
survival probabilities of diabetes mellitus patients. The objective of this study was to identify risk factors and es-
timate average survival times for the time to the development of microvascular complications of diabetic patients 
under follow up at Ayder referral hospital from February 2011 to January 2014. A retrospective follow up study 
was conducted on diabetic patients during this treatment period of 3 years. Using simple random sampling a total 
of 277 patients were included in the study. Cox and Weibull proportional hazards models were used to identify 
risk factors for the time to microvascular complications. Results showed that the prevalence of microvascular 
complication during the follow up period in the studied population was 42.6% and was more prevalent in women. 
The estimated overall median survival time was 425 days. Factors associated with increased risk of microvas-
cular complications among the sampled diabetes mellitus patients as identified by the Weibull model were older 
age (HR=1.025, 95% CI: 1.008-1.043, p=0.003), female sex (HR=1.531, 95% CI: 1.063-2.206, p=0.002), Type 2 
diabetes (HR=2.320, 95% CI: 1.121-4.799, p=0.023) and fasting blood sugar (FBS) (HR=1.006, 95% CI: 1.003-
1.008, p=0.0000). The results suggest strongly that to minimize the risk of diabetic complications it is necessary 
to treat blood glucose aggressively.

Key Words: Diabetes Mellitus, Microvascular complications, Survival Analysis, Weibull proportional hazards 
model, Ayder Referral Hospital.
DOI: http://dx.doi.org/10.4314/ejst.v10i1.5

INTRODUCTION

Diabetes mellitus is a chronic disease characterized 
by hyperglycemia and by complications that 
include microvascular diseases of the eye and 
kidney and a variety of clinical neuropathies 
(Natan, 1993).  The effects of diabetes mellitus 
include long term damage, dysfunction and failure 
of various organs. Based on the revised WHO 
classification which encompasses both clinical 
stages and aetiological types, there are three types 
of diabetes mellitus; Type 1, Type 2 and Type 3. 
Type 2 is the most common form of diabetes and 
is characterized by disorders of insulin action 
and insulin secretion, either of which may be the 
predominant feature (Alberti and Zimmet, 1998). 

*Corresponding author: kebedeessey@yahoo.com
© This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/CC BY4.0).

Diabetes mellitus continues to increase in 
numbers and significance, as changing lifestyles 
lead to reduced physical activity and increased 
obesity. According to International Diabetes 
Federation, an estimated 4.9 million deaths were 
attributable to diabetes annually (Guariguata 
et al., 2014). The world prevalence of diabetes 
among adults aged 20–79 years in the year 2014 
was estimated to be 8.3%, affecting 387 million 
people. This is projected to increase to 8.8% 
affecting 591.9 million adults by 2035. North 
America and Caribbean is the region with the 
highest prevalence (regional prevalence of 11.0% 
in 2013 and estimated prevalence of 12.5% in 
2035) followed by Middle East and North Africa 
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(regional prevalence of 9.2% in 2013 and estimated 
prevalence of 11.6% in 2035). The corresponding 
figures for Africa were 19.8 million people in 2013 
(a regional prevalence of 4.9%) and 41.5 million 
by 2035. The highest prevalence of diabetes in 
the Africa Region was on the island of Reunion 
(15.4%), followed by Seychelles (12.1%), Gabon 
(10.7%) and Zimbabwe (9.7%). In Ethiopia, the 
report indicated an estimated prevalence of 4.36 %. 

People with diabetes are at risk of developing a 
number of disabling and life-threatening health 
problems. Consistently high blood glucose levels 
can lead to serious diseases affecting the heart 
and blood vessels, eyes, kidneys, and nerves. 
People with diabetes are also at increased risk of 
developing infections. 
The long–term effects of diabetes mellitus 
include progressive development of the specific 
complications of retinopathy with potential 
blindness, nephropathy that may lead to renal 
failure, and/or neuropathy with risk of foot 
ulcers, amputation, Charcot joints, and features 
of autonomic dysfunction, including sexual 
dysfunction. People with diabetes are at increased 
risk of cardiovascular, peripheral vascular and 
cerebrovascular disease (Alberti and Zimmet, 
1998).

A multinational, open-label, observational study 
where 66,726 people were enrolled from 28 
countries across four continents (Asia, Africa, 
Europe and South America) and with type 2 
diabetes who had begun using insulin, found that 
53.5% had microvascular complications (Litwak 
et al., 2013). According to (Naiker, 2009), the 
prevalence of diabetic nephropathy is estimated to 
be 14%-16% in South Africa, 23.8% in Zambia, 
12.4% in Egypt, 9% in Sudan, and 6.1% in 
Ethiopia.

Rotimi et al. (2003) looked at the prevalence and 
risk factors for diabetic retinopathy and cataracts 
in 840 patients with type 2 diabetes and 191 
spouse controls, enrolled from 7 centers in Ghana 
and Nigeria. In this cohort (whose mean age was 
46 years), the prevalence of diabetic retinopathy 
was 18%. A study on the prevalence of diabetic 
retinopathy in Jimma University Hospital, 
Ethiopia, showed that the prevalence of diabetic 
retinopathy was 41.4% (Guadie Sharew et al., 
2013).

Research on estimating the mean survival time 
to the development of complications on diabetic 
patients and the determinant factors of time to the 
development of complications of diabetes mellitus 
is important to allocate resources and increase 
access to community health services. In a study to 
identify causes of end stage renal failure among 
haemodialysis patients in Khartoum, Sudan 
(Banaga et al. (2015) found that hypertension and 
diabetes mellitus were the leading causes of End 
Stage Renal Failure (ESRF) among patients over 
40 years old. In a study in Sweden, Svensson et 
al. (2015) reported that older age, Type 2 DM, 
higher Body Mass Index (BMI) at diagnosis of 
diabetes and poor glycaemic control were risk 
markers for one or more of the complications of 
diabetes mellitus. Liu et al. (2010) in a cross-
sectional hospital based survey in urban China 
used generalized linear models to reveal that 
the prevalence of chronic complications varied 
between cities, and significantly increased 
with age and duration of diagnosed diabetes. 
Kengne et al. (2005) found that smoking, diet 
high in saturated fat; hypertension, obesity, type 
2 diabetes mellitus, dyslipidemia, and lack of 
physical exercise were identified as risk factors for 
cardiovascular complications of diabetes mellitus 
in sub-Saharan Africa.
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Some research works have been documented in 
sub Saharan Africa and Ethiopia on the prevalence 
and determinants of diabetes mellitus and its 
complications (Yeweyenhareg Feleke and Fikre 
Enquselassie, 2005; Dawit Worku  et al., 2010; 
Solomon Tamiru and Fessahaye Alemseged, 2010; 
Hall et al., 2011; Tilahun Nigatu, 2012; Solomon 
Mekonnen Abebe et al., 2014; Wubareg Seifu et 
al., 2015).  However, little work has been reported 
on estimating the survival time to the development 
of complications of diabetic patients and its 
determinant factors. The purpose of this study 
was therefore to estimate the average time to the 
development of microvascular complications of 
diabetes mellitus and its determinant factors using 
parametric and nonparametric methods of survival 
analysis. 

METHODS 

Retrospective follow up study design was used for 
this study. The cohort was followed from February 
2011 to January 2014. The data was collected 
from individual patients’ chart from May to June 
2014. The source of population for this study was 
all diabetes mellitus patients of Ayder referral 
hospital. Since no similar researches were found in 
Ethiopia, estimates of hazard ratio (HR) were taken 
from other countries in the region. Based on the 
study on “Diabetes in the Middle East and North 
Africa” by Zabetian et al. (2013), the hazard ratio 
of microvascular events in Iran was HR=2.9 with 
95% confidence level compared with those without 
diabetes. Using these estimates, the sample size 
for this study with power 0.8 and 10% censored 
observations computed using Cox proportional 
hazards model was 277. The 277 sample diabetes 
mellitus patients for this study were selected by 
simple random sampling technique using the 
patient’s medical registration number from the 

population of 1295. The response variable is 
continuous and describes the duration of time 
(in days) until the occurrence of microvascular 
complications. 

Inclusion and exclusion criteria
Patients included in this study were only type 1 and 
type 2 diabetes mellitus patients. Patients who were 
exposed to gestational diabetes mellitus were not 
included in the study.

Statistical analysis 
The variables like Age, Sex, Body Mass Index 
(BMI), Place of residence, HIV, Feeding Habit, 
Albumen, Ketone, Diabetes type, Treatment 
type, Hypertension, TB status, Parastosis and 
Pneumonia were considered as potential risk 
factors. Descriptive statistics were used to 
describe the percentage and frequency of the 
patients in reference to all covariates. The 
survival experience of the patients was assessed 
using Kaplan-Meier survivor function. The 
log rank test was used to compare the survival 
experiences among the different groups of 
subjects. The Cox PH model and four parametric 
models (Exponential, Weibull, Log logistic and 
Lognormal) were used to identify the risk factors 
for the time to microvascular complications. 
The model that best fits the data was identified 
using the AIC and BIC criteria. The plot of 

 versus , where  
is the estimate of the Kaplan-Meier estimate 
of the survivor function, was checked for 
linearity which suggests the appropriateness of 
the Weibull proportional hazards model. Two-
tailed P value of less than 0.05 was considered as 
significant.

The Cox proportional hazards model is used in 
situations where the hazard of death at a particular 
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time depends on the values of the explanatory 
variables. The general Cox proportional hazards 
model is of the form:

where , the hazard function at time  for the  
 individual, is the product of two functions. 

The baseline hazard, , characterizes how 
the hazard function changes as a function of 
survival time; 
, where  are observable covariates and  
are estimable coefficients, characterizes how 
the hazard function changes as a function of 
covariates. The ratio of the two hazards, called 
the hazard ratio (HR) is

The HR reveals the time rate of the happening 
of the event at any time during the study period, 
compared to the reference category. HR= 1 
indicates that the covariates in the model have 
no effect and do not change the baseline hazard, 

. HR< 1 and HR>1 mean that the time rates 
are decreased and increased throughout the study 
period, respectively. The above function can be 
expressed in the form:

which is a linear model for the logarithm of the 
hazard ratio. The method of partial likelihood is 
used to find estimates of the coefficients, .

Weibull proportional hazards model plays 
a central role in the analysis of survival 
data.  The probability density function of the 
Weibull distribution with scale parameter λ 
and shape parameter γ, W(λ, γ), is given by

The survivor and hazard functions of a W(λ, γ) 
distribution are given by   
and   respectively. If , the 
hazard will be constant over time and hence is 
equivalent to exponential survival time. If 
, the hazard increases with time and if  the 
hazard decreases as time increases. The method of 
maximum likelihood is used to find estimates of the 
parameters λ and γ.

Data management and analysis of this study was 
carried out using STATA12. The model that best 
fits the data was selected using the AIC and BIC 
criteria. 

RESULTS

A sample of 277 (168  male and 109 female) 
diabetes mellitus patients, who were attending 
regular follow up taking the oral and injectable 
insulin treatment at Ayder referral hospital 
during February 2011 to January 2014 were 
included in this study.  Of the 277 patients under 
follow up at Ayder referral hospital, 42.6% have 
developed microvascular complications. Seventy 
one (25.6%) patients have developed only one 
type of complication, while in 35 (12.6%) and 12 
(4.33%) of the patients any two and all the three 
complications respectively coexisted. Regarding 
the place of residence, 125 (45.1%) were from 
rural and the rest 152 (54.9%) were from the urban 
areas. One hundred and sixty two (58.5%) patients 
were taking the injectable insulin treatment while 
115 (41.5%) were taking the oral treatment. Out 
of the 162 patients who were taking the injectable 
insulin treatment, 117 (72.2%) were type 1 and 
the rest 45 (27.8%) were type 2 diabetes mellitus 
patients. Females were more susceptible to develop 
the complication (Table 1).
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The continuous variables age, BMI, SBP and FBS 
are described using different summary measures 
(Table 2). The median age of the patients was 40 
years with minimum of 4 years and maximum of 
85 years. The median body mass index of the 
patients was 21.26 with interquartile range of 4.9.

 
The diabetes mellitus patients were followed up 
for a median time of 425 days with the minimum 
follow up time of 1 day and maximum follow up 

time of 1095 days. The overall estimated mean 
survival time was 462.6 days. 
The simplest and informative way to compare the 
survival times obtained from different groups of 
individuals is to plot the corresponding estimates 
of the two survivor functions on the same axis. The 
estimates of the Kaplan-Meier survival functions 
of DM patients for different categories of the study 
variables are displayed using different graphs 
(Figure 1).

Table1. The distribution of important socio-demographic and clinical characteristics of diabetes mellitus 
patients treated at Ayder referral hospital, Ethiopia (2011-2014).

Variables Category  Censored Complication (%)   total 

Sex
Male 104 64(38.1) 168

109Female 55 54(49.5)

Residence
Rural 35 90(72) 125

152Urban 124 28(18.4)

HIV
No 159 116(42.2) 275

2Yes 0 2(100)

Foot Ulcer
No 156 85(35.3) 241

36Yes 3 33(91.7)

Feeding

Sugar free 119 32(21.2) 151
53
73

Salt free 22 31(58.5)

Both sugar & salt free 18 55(75.3)

Albumen
Negative  156 53(25.4) 209

68Positive 3 65(95.6)

Ketone
Negative 159 53(25) 212

65Positive 0 65(100)

Diabetes type
Type I 109 12(9.9) 121

156Type II 50 106(67.9)

Hypertension 
No 154 59(27.7) 213

64Yes 5 59(92.2)

Treatment 
Injectable insulin 119 43(26.5) 162

115Oral tablet 40 75(65.2)

TB
No 150 111(42.5) 261

16Yes 9 7(43.8)

Parastosis
No 146 109(42.4) 255

22Yes 13 9(40.9)

Pneumonia 
No 149 108(42.1) 257

20Yes 10 10(50)
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Table 2. Summary statistics of continuous variables included in the study of diabetes mellitus patients at 
Ayder referral hospital, Ethiopia (2011-2014).

Variable Mean Std. Dev Min Max Median IQR
Age 39.92 16.43 4 85 40 27
Body mass index (BMI) 21.25 3.78 12.82 38.73 21.26 4.91
Systolic blood pressure (SBP) 119.45 20.33 80 190 120 20
Fasting blood sugar (FBS) 154.11 66.00 67 424 122 79
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Figure 1. Kaplan-Meier survival estimates of different groups of diabetes mellitus patients at Ayder 
referral hospital, Ethiopia.
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The plot of the survivor functions of the different 
groups gives only an idea as to how the survival 
experiences of the groups may be compared. The 
log-rank test for the equality of survivor functions 
among different groups of patients is a formal test 
of the differences. The results of this test  show 
that there was significant difference in survival 

experience of the categories of sex, residence, 
foot ulcer, feeding habit, albumin level, ketone 
level, diabetes type, hypertension and treatment, 
whereas the survival experience of patients do not 
differ significantly in the variables TB, HIV/AIDS, 
parasitosis and pneumonia (Table 3).

Table 3. Results of the Log-rank test for the significant categorical variables of diabetes mellitus patients 
treated at Ayder referral Hospital, Tigrai, Ethiopia. (2011-2014).

Variables Status Observed (n) Expected Pr>chi2 Chi-square

Sex
Male 64 79

0.0030

8.80
Female 54 39

Residence
Rural 90 64

0.0000 23.32Urban 28 54

Foot Ulcer
No 85 99

0.0006 11.70Yes 33 19

Feeding
Sugar free 32 56

0.0001

20.65Salt free 31 24
Both sugar & salt free 55 38

Alb
Negative  53 84

0.0000 40.49Positive 65 34

Ket Negative 53 84
0.0000 39.54Positive 65 34

Diabetes type
Type 1 12 51

0.0000 52.41Type 2 106 67

Hypertension No 59 85
0.0000 28.87Yes 59 33

Treatment 
Injectable insulin 43 71

0.0000 29.39
Oral tablet 75 47
Yes 10 9

Total 118 118

To select the variables associated with the 
survival time to the occurrence of complications, 
a univariable analysis was first conducted at the 
0.20 level of significance. Variables significant at 
this level were then included in the multivariable 
analysis. The four variables age, sex, fasting 
blood sugar (FBS) and diabetes type, which were 
significant in the multivariate analysis were then 
included in the final main effects model. The Cox 
proportional hazards model and different parametric 
models were fitted and compared as to which model 
best fits the data. As can be seen from Table 4 below, 

the Weibull model having the smallest values of AIC 
and BIC was the best model to fit the given data. 
Following this, all two and three way interaction 
terms were checked for their importance in 
predicting the time to microvascular complications. 
However, none of them had significant contribution. 
Interpretations and conclusions will thus be based 
on the Weibull model. However, as it was intended 
to use parametric and non parametric models for 
the analysis, the Cox proportional hazards model 
with Breslow method for the treatment of tied 
observations, was also fitted. 
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The scale parameter of the Weibull distribution was 
found to be γ=0.824 with a standard error of 0.061 
and 95% C.I. [0.70444, 0.94356]. This interval 
does not include γ=1.0 suggesting that the Weibull 

model is more appropriate than the exponential 
model. Since γ=0.824 which is less than 1, the 
hazard of developing complications decrease as 
survival time increases.

Table 4. AIC and BIC values for the different models proposed for the data on microvascular complications 
of diabetic patients at Ayder referral hospital, February 2011- January, 2014.

Model

Cox PH model Exponential Weibull Log logistic Lognormal

Log likelihood -490.71664 -266.6302 -264.69076 -275.64479 -283.07628

AIC (smallest better) 27.39173 26.17173 26.15712 26.23823 26.29143

BIC (smallest better) 40.51182 39.29181 39.27721 39.35831 39.41152

Table 5. Multivariable Cox proportional hazards regression analysis of microvascular complications of 
diabetic patients at Ayder referral hospital, February 2011- January, 2014.

Variable
Hazard 
Ratio Std. Err. Z D.F. P>|z|

95.0% CI

Lower Upper

Age 1.024 .0092 2.69 1 .007 1.007 1.042
Sex (Female) 1.856 .3582 3.21 1 .001 1.27 0.786
FBS 1.005 .0014 3.42 1 .001 1.002 1.008
Diabetes type (Type II) 2.356 .8815 2.29 1 .022 1.131 4.905

Table 5. Multivariable Weibull proportional hazards regression Analysis of microvascular complications of 
diabetic patients at Ayder referral hospital, February 2011- January, 2014.

Variable Hazard 
Ratio Std. Err. Z D.F. P>|z|

95.0% CI

Lower Upper

Age 1.025 .0087 2.94 1 .003 1.008 1.043
Sex (Female) 1.531 .2852 2.29 1 .022 1.063 2.206
FBS 1.006 .0014 4.21 1 .000 1.003 1.008
Diabetes type  (Type II) 2.320 .86o4 2.27 1 .023 1.121 4.799
Constant .00011 .00006 -15.49 1 .000 .00004 .0004
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Before interpreting the results it is important to 
assess the adequacy of the fitted model in terms 
the appropriateness of the Weibull model and 
the validity of the proportionality assumption. 
The value of the likelihood ratio statistic for the 
model was 113.91 (p=0.0000) indicating overall 
significance of the model. Figure 2 shows the plot 
of log[-log(survival probability)] versus log of 

survival time for the two groups of DM patients 
and the two categories of sex. It can be observed 
that in both plots the two lines are approximately 
straight indicating that the Weibull model is 
plausible for the data. Moreover the two lines are 
nearly parallel which means that the proportional 
hazards assumption is valid.

Figure 2. Graphical evaluation of Weibull model and proportional hazards assumption using the plot of 
ln (-ln(S (t))) versus ln (t).

The assumption of proportionality was also 
assessed graphically by plotting the scaled 
Schoenfeld residuals of each covariate against time. 
Figures 3 shows the plots of scaled Schoenfeld 
residuals of each covariate in the model against 
survival times along with the LOESS smoothed 
curves. The residuals are more or less random and 
LOESS smoothed curves have basically zero slope 
which is an indication that there is no evidence of 
non-proportionality.  The interaction of covariates 
with time was also checked. The conclusion is that 
all of the time-dependent interaction variables are 
not significant either collectively or individually 
thus supporting the assumption of proportional 
hazards.

The global test of proportional-hazards assumption 
based on the Schoenfeld residuals also gives a chi-

square value of 2.86 with 4 degrees of freedom 
(p=0.5818) indicating validity of  assumption of 
proportional hazards.

The results of multivariable analysis showed 
that age of a patient at the start of follow up is 
significantly associated with the development of 
microvascular complication (HR=1.025, 95% CI: 
1.008-1.043, p=0.003). Since the estimated hazard 
ratio is greater than unity, other factors being fixed, 
the higher the age of a patient, the greater the 
hazard of developing complication at any given 
time. In particular, an increase of one year of age 
of a patient increases the hazard of developing 
complication by 2.5%. The 95% CI indicates that 
the hazard ratio could be as low as 1.008 or as large 
as 1.043. 
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Sex of the patients was also a significant factor in 
determining the development of microvascular 
complication of diabetes mellitus patients 
(HR=1.531, 95% CI: 1.063-2.206, p=0.022). 
Being female posed an increased risk which is 
53% higher than male patients for developing 
microvascular complications. The 95% confidence 
interval suggests that the risk of development of 
microvascular complication for females is as low as 
1.063 times and as large as 2.206 times compared 
to males after adjusting for other variables in the 
model.

The risk of microvascular complication was also 
significantly associated with higher level of fasting 
blood sugar. Other factors being fixed, patients 
with higher fasting blood glucose had higher risk 
of developing complications (HR=1.006, 95% CI: 
1.003-1.008, p=0.000). That means the hazard of 
developing complications increase by 10.06 when 
the fasting blood glucose increases by 10mg/dl. 

When compared with patients with type 1 diabetes 
mellitus, patients with type 2 diabetes mellitus 
had higher risk of developing microvascular 
complications. The estimated hazard of the 
developing complication for patients with type 
2 diabetes mellitus was 2.32 times that of type 1 
patients (95% CI: 1.121-4.799, p=0.023). 

DISCUSSION 

Diabetes mellitus represents one of the most 
detrimental diseases and significant public health 
problems due its increasingly high incidence and 
prevalence as well as high risk of macro- and 
microvascular complications. This three years 
retrospective follow up study gives insights into 
the covariates that are significantly associated 
with the time to the development of microvascular 
complications of diabetes mellitus. The data 
was obtained from a follow-up study of diabetes 

Figure 3. Graphs of scaled Schoenfeld residuals of the covariates in the model.
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mellitus patients at Ayder referral hospital, 
Mekelle, Ethiopia. The significant predictors for 
higher risk of microvascular complication for 
diabetes mellitus patients were found to be the 
patients’ age, gender, the level of fasting blood 
sugar (FBS) and diabetes type. 

In this study it was found that older age was 
positively associated with the higher risk of 
developing any or all of the three microvascular 
complications. This finding is consistent with 
the large evidence base showing that the risk 
of developing these complications is positively 
associated with older age. A study conducted 
in Tikur Anbesa specialized hospital, Ethiopia, 
by Kalayou Kidanu Berhe et al. (2012) and 
another study conducted in 28 countries across 
four continents (Asia, Africa, Europe and South 
America) by Litwak et al. (2013) and several other 
works in different parts of the world are in line with 
this finding (Tesfaye et al. 1996; Wändell 1999; 
Moore et al., 2009; Bansal et al., 2014; Svensson et 
al., 2015). This is a reasonable finding, because age 
itself may be an independent risk factor as aging is 
associated with decline in fat oxidation and insulin 
resistance or may have other risk factors related 
to aging or exposure to risk factors during their 
lifetime. 

Another important risk factor for the development 
of microvascular complications in patients with 
type-1 and type-2 diabetes is the level of fasting 
blood sugar. Glucose is the driving force in 
microvascular complications of diabetes (Reusch, 
2003). Patients with higher fasting blood sugar had 
higher risk of developing complications. Findings 
from other studies also support that higher blood 
glucose is related to microvascular complications 
(Klien, 1995; Cade, 2008; Group, 1998; Cardoso 
and Salles 2008; Nazimek-Siewniak et al., 2002; 

Ali et al., 2013; Glycemic control is the primary 
mediator of diabetic microvascular complications. 
Therefore improved blood glucose control 
decreases the progression of diabetic microvascular 
disease (Ali et al., 2013).

Sex of the patient was also found to be a significant 
factor for the development of microvascular 
complication of diabetes mellitus patients. It was 
found in this study that female patients have more 
risk of developing all the three complications 
than males. This is supported by a similar study 
conducted in middle-east and North Africa 
(Zabetian et al., 2013) and India (Brasad and 
Robinson, 1995). Some other studies reported the 
associations between sex of a patient and specific 
complications. In this regard Margaret et al. (2015) 
reported that women had an increased risk of 
incident CKD compared with men after adjustment 
for other variables. This may be because mothers 
are family caretakers and hence may have high 
chance of exposures and less resistance to 
infections. In another study in India, Bansal et 
al. (2014) reported that being male posed high 
risk for nephropathy. Additional work is needed 
to determine if these sex differences contribute to 
worse outcomes in women with diabetes. 

Diabetes type of the patients (type 1 and type 
2) was found to be strongly associated with 
development of microvascular complication in 
this study. Many other studies also support that the 
type 2 diabetes mellitus patients are more likely 
to develop the microvascular complications than 
type 1 diabetes mellitus patients (Brassrad and 
Robinson, 1995; Herman et al., 1998). 

Many research findings across the globe have 
reported that any increase in body mass index 
(BMI) above normal weight levels is positively 
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associated with an increased risk of being 
diagnosed as having complications of diabetes 
mellitus (Wändell, 1999; Moore et al. 2009; 
Zoppini et al., 2012; Litwak et al., 2013; Gray 
et al., 2015). However this study found no 
significant association between BMI and the risk 
of development of microvascular complication of 
diabetes mellitus patients. One possible explanation 
for this surprising result may be the study design. 
Because this was as a retrospective follow-up 
study, all patient data could not be fully retrieved 
and hence some important variables that may 
have interactions with BMI were not recorded. In 
addition to this, for this study, the values of the 
covariates were recorded at baseline values, while 
repeated measurements should have been taken and 
analyzed. Another possibility may be the existing 
diagnostic facilities at the Ayder referral hospital.

CONCLUSION

The present study was aimed to determine the 
mean survival time and identify the risk factors 
that are significantly associated with the risk of 
development of microvascular complications 
in diabetes mellitus patients under follow up at 
Ayder referral hospital, Mekelle, Ethiopia, using 
the method of survival analysis. The mean and 
median survival times were 462.6 (95% C.I= 
421.8-503.5) days and 425 (95% C.I. 350.1-501) 
days. The results of the multivariable Weibull 
proportional hazards regression model showed that 
age, sex, fasting blood glucose level and diabetes 
type were significant determinants of the time to 
the development of microvascular complications 
of diabetes mellitus patients. The results suggest 
strongly that to minimize the risk of diabetic 
complications it is necessary to treat blood glucose 
aggressively. 
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