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Acyrthosiphon pisum (Harris) (Homoptera: Aphididae) infestation level and damage on grass pea, 
Lathyrus sativus L., in West Gojam, Ethiopia

Melaku Wale1* and Ahunim Fentie2

1Bahir Dar University, PO Box 79, Bahir Dar, Ethiopia; email:melakuwale@gmail.com  
2Assosa University, Assosa, Ethiopia

ABSTRACT

Once a minor pest, the pea aphid, Acyrthosiphon pisum has already become a major pest of grass pea (Lathyrus 
sativus), in Ethiopia, particularly in the northwestern region. The effect of two levels of chemical treatment 
on pea aphids and their natural enemies was investigated in a field experiment in Achefer, northwestern 
Ethiopia from September 2010 to March 2011.   Plant height, plant density per 0.25 m2, number of pea aphids 
and parasitoids per plant, ladybird beetles per plot, and finally grain yield per plot were recorded. Based 
on the results of the ANOVA, plant height was significantly different between treated and untreated plots 
especially after the vegetative stage. The density of the plant did not significantly vary between treatments 
(P=0.99). Pea aphid population significantly varied between treated and untreated plots and between the 
different growth stages of the crop (P<0.0001). many of the natural enemies of pea aphid, i.e., ladybird beetles 
and parasitoids, were recorded on untreated plots. Generally, natural enemies increased as number of aphids 
increased. Significantly more yield was obtained from treated than untreated plots but there was no difference 
in yield between doses. Yield and aphid density were inversely related and grain yield loss due to pea aphids 
increased as high as 82.4%. This loss is very high necessitating appropriate control measures. 
Keywords: Food legumes, pea aphids, pest management, yield

INTRODUCTION

In response to an ever-increasing global demand for 
food and feed resources and the need to diversity 
modern cropping systems, the genus Lathyrus is 
receiving an increased attention by agricultural 
scientists (Asfaw Tilaye et al., 2006). Grass pea 
is the sixth most important pulse crop in Ethiopia 
(ECSA, 2010). Grass pea (Lathyrus sativus L.) 
is a food, fodder and feed crop belonging to the 
family Leguminosae (= Fabaceae), subfamily 
Papilionoideae, tribe Vicieae. Lathyrus sativus is a 
much branched, straggling or climbing, herbaceous 
annual, with a well developed taproot system 
(McCutchan, 2003). It is believed to have originated 
in South West and Central Asia 

It is a break crop in cereal rotations especially with 
wheat, barley and tef. It is predominantly grown 
under residual moisture (August-December) on 
black soil (Minale Liben et al., 2006). It can grow 
at altitudes ranging from 1600 to 2700 m above sea 
level in the different parts of the country. It is mainly 
grown in the northwestern Ethiopia.  It tolerates both 
drought and flooding rendering it an insurance crop 
for the subsistence farmer (Melaku Wale, 2004). It 
improves soil fertility by fixing atmospheric nitrogen 
in the soil. 

Many insect pests including the pea aphid, African 
boll-worm and thrips attack grass pea. The pea 
aphid is temperate in origin (Blackman and Eastop, 
2000), cosmopolitan in distribution (Hutchison and 
Hogg, 1985; Sullivan, 2008) and is a widespread 
insect pest of leguminous crops such as lentils 
(L. culinaris), field pea (P. sativum), grass pea * Corresponding author
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(L. sativus) and faba bean (V. faba). It is widely 
distributed across North America and Europe, and 
successfully exploits various types of host plant 
(clover, alfalfa, pea and bean) (Norris and Kogan, 
1980; Sharp and Andrade, 1994). The pea aphid 
adults are bright green, long-legged, and about 1/8 
inch long. Pea aphids congregate in dense colonies 
along the stems, terminal shoots, and leaves. Heavy 
in festations cause plants to wilt and turn yellowish 
green. Honeydew secreted by aphids is usually 
abundant on infested plants (Pierce, 2013). 

Like most aphids, the pea aphid displays cyclical 
parthenogenesis. The pea aphid’s feeding sites are 
stems, terminal shoots and petioles of seedlings 
and, as the plant matures, flowers and pods (Jackai 
and Daoust, 1986). Aphids also affect crop yields 
indirectly by transmitting plant-pathogenic viruses 
(Atiri et al., 1984). 

In Ethiopia, pea aphid is increasingly damaging 
food legumes and currently it is a key pest of grass 
pea, peas and lentil and a vector of viral diseases 
(Tebekew Damte and Mohamed Dawd, 2006).

Pea aphid is very commonly found in crops grown 
in mid-altitude areas (1800-2700 m above sea level) 
and remains the most damaging by direct feeding. 
The seriousness of the pest depends on agro-climatic 
(mostly temperature and rainfall) conditions that 
prevail during the cropping season. Their incidence 
diminishes to insignificance at higher altitudes, 
with cool temperatures and high rainfall (Kemal 
Ali, 2006).  

Progress and achievements in biological control of 
insect-pest of tropical crops clearly show that the 
use of predators, parasitoids and pathogens for pest 
control, either by introduction from other sources or 
by exploiting those already in the area, has proven 
effective and economically beneficial. Coccinellids 
especially Hippodamia variegata plays an important 

role in aphid population regulation and are known 
to have the strongest impact on all aphidophagus 
insects (Kemal Ali, 2006).

Following the recognition of pea aphids as major 
production constraints on grass pea and field pea 
in northwestern Ethiopia,  some aspects of the 
biology and ecology of pea aphids have previously 
been studied in Ethiopia on various legume crops 
in late 1990s and early 2000s (Melaku Wale et al., 
2000), but that did not include the present study 
area. Furthermore, the amount of yield loss, the 
abundance of the pest and also the relationship 
between pea aphid and their natural enemies has 
not been described in the study area. Therefore, 
the objective of the study was to assess pea aphid 
infestation level, their natural enemies and to 
determine the level of economic damage they cause 
(e.g. yield loss).

MATERIALS AND METHODS

Description of the study site

A field trial was conducted between September and 
March, 2010-2011, in South Achefer district, West 
Gojam, Amhara National Regional State, Ethiopia. 
The State is situated between 8045′N to 130 45′N 
latitude and 350 46′E to 400 25′E longitude and has 
an area of 170 thousand km2.  

The trial site, i.e., Durbete (Abchicli) area, which 
is the administrative town of South Achefer woreda 
is situated at 11025’32” N latitude and 36017’42” E 
longitudes. The physical characteristics of the study 
area (Achefer woreda) are an annual rainfall of 1450 
mm to 1594 mm and a temperature of 25 to 29oC 
and an elevation of 1500 to 2500 m a.s.1 (Achefer 
Woreda Agricultural Bureau, 2010). 

Different crops such as tef, maize, sorghum, pea, 
bean, grass pea, etc. are cultivated on different soil 
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types (i.e., red soil, brown soil, and black soil) in the 
area. Although all crops are attacked by a wide range 
of pests, legumes suffer most, particularly grass pea 
by pea aphids. Marwagra and other nearby kebeles 
(the study sites) are parts of Achefer Woreda kebeles 
which are found West of Durbete town. 

Research Design 

The trial comprised of three treatments, i.e., 
untreated (i.e., 0 litre/ha), half dose treated (i.e., 0.6 
litre/ha) and full dose treated (i.e., 1.2 litre/ha) with 
dimethoate 40% EC insecticide applied based on 
the company recommendation rate for beans, i.e. 1.2 
litre/ha, in which we used one level below and one 
level above the company recommendation. It was 
laid out in a Randomized Complete Block Design 
(RCBD) replicated four times. The total number of 
plots was 12 from which data were recorded. 

Field experiment

The field experiment was conducted under residual 
moisture. Planting procedures and other farm 
activities were largely traditional. The trial had a 
total area of 30 m × 30 m which was divided into 
smaller plots of 3 m × 3 m and 7 m away from 
the field margin. A distance of 1 m between plots 
and 1.5 m between replications was maintained. 
Using the RCBD design and the four replications, 
each treatment was applied on four plots, which 
gave a total of 12 plots. The treatments include no 
application, half dose and full dose of dimethoate 
insecticide developed to control aphids. 

Data collection

Assessments from the field trial were done five 
times at various growth stages of the plant including 
seedling, vegetative, flowering, pod setting and 
maturity stages. Number of healthy aphids and 
parasitized aphids were counted on a random 
sample of 10 plants per plot, and number of ladybird 
beetles was recorded on plot basis.  Plant height was 
recorded on a random sample of 10 plants per plot 
and plant density was counted on 0.25 m2 area per 
plot. At harvest, grain yield was taken from each 
plot. 

Data analysis

Plant height, plant density, aphid density, lady bird 
beetle and parasitism level, and grain yield, were 
analyzed based on treatments and growth stages 
as a sources of variation using ANOVA. Normality 
of each set of data and homogeneity of variance 
of groups of treatments were checked before 
analysis. Percent yield loss was calculated using 
yields obtained from controlled plots as a reference 
(benchmark). Correlation analysis was used to 
determine the relationship among variables such as 
plant height, plant density, aphid density, ladybird 
beetle, parasitoid population and grain yield. For 
mean separation, Tukey Honesty Significance 
Difference test (HSD) was used at α=0.05. 

RESULTS AND DISCUSSION

According to the overall ANOVA, plant height 
significantly varied among insecticide application 
doses (treatments) and plant growth stages (F=948.2, 

Table 1. Effect Tests of treatments on plant height

Source DF* Sum of Squares F-Ratio P-value
Treatment 2 5607.3 5.6 <.0001

Growth stage 4 2373713.8 3301.8 <.0001

Treatment*growth stage 8 6546.0 4.6 .0004

* Degree of freedom



72                 Melaku Wale and Ahunim Fentie
P<0.0001, R2=0.99). The interaction effect between 
doses and plant growth stages was also significant 
(Table 1). 

Plant height was the same between treated and 
untreated plots at seedling, vegetative and flowering 

Aphid population

Based on the ANOVA results, aphid population 
significantly varied among treatments (F=2690.9, 
P<0.000, R2=0.999). It significantly varied among 

Table 2. Effect of dimethoate insecticide application on plant height (mm) on grass pea at different 
growth stages in South Achefer, West Gojam, Ethiopia (2010/11).

Spray dose levels
Growth stages Untreated (check) Half dose Full dose
Seedling 189.3g 189.3g 193.8g
Vegetative 324.5f 326.3f 331.8f
Flowering (50%) 453.0e 454.8e 453.5e
Pod setting 589.0d 627.0c 635.3c
Maturity 714.3b 766.5a 765.3a

Means followed by the same letter are not significantly different from each other according to Tukey 
HSD Test (P<0.05); mean plant heights were computed from 10 plants.

stages. However, at pod setting and maturity growth 
stages, untreated plants were shorter than the treated 
plants and there was no height difference between 
doses (Table 2). This indicates that as aphid density 
increased, the fluid of the plant sucked by aphids 
increased causing stunted growths of plants.  This 
corroborates previous reports on alfalfa, in which 
feeding by pea aphids resulted in stunted plants, 
delayed cut tings, or even in death of plants (Barlow 
et al., 2012; Pierce, 2013). According to Pierce 
(2013), when in festations are heavy, plants wilt, 
turn yellow-green and die. 

Plant density

The overall ANOVA showed that there were no 
significant difference in plant density among 
treatments and growth stages (F=0.14, P<0.999, 
R2=0.04). 

pesticide application treatments (doses), crop growth 
stages and their interactions (Table 3; Figure 1). 

The density of aphids significantly and steadily 
increased with crop growth stage only in untreated 
plots but not on treated plots (Table 4).  At the 
vegetative and seedling growth stages, aphid 
density was the same among treatments. Generally, 
the untreated plots had more aphid density than 
treated ones. Using pirimicarb, an aphid specific 
insecticide, and systemic mode of action, low aphid 
density was reported earlier at Wondata area, close to 
Bahir Dar city (Melaku Wale, 2004). In the present 
study, half dose and full dose pesticide applications 
did not significantly vary from each other (Table 4). 
This means that we may use half dose to minimize 
pesticide costs. Aphid population was highest on 
untreated plots especially at pod setting and maturity 
growth stages (Table 4). Similar results were found 
in Wondata village, near Bahir Dar town (Melaku 
Wale, 2004). 
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Source DF* Sum of Squares F-Ratio P-value 
Treatment 2 10222940 5548.8 <0.0001
Growth stage 4 7990167 2168.5 <0.0001
Treatment + growth stage 8 16489708 2237.6 <0.0001
*Degree of freedom

Table 3. Effect Tests of treatments on aphid population

Table 4. Effect of dimethoate application and crop growth stage on aphid density (number/10 plants) on 
grass pea in South Achefer, West Gojam, Ethiopia (2010/11).

 Spray levels
Growth stages Untreated Half dose Full dose
Seedling 5.5d 7.3d 6.5d
Vegetative 67.8d 64.0d 72.3d
Flowering (50%) 197.3c 8.3d 5.0d
Pod setting 1354.5b 67.3d 5.0d
Maturity 2879.8a 13.5d 5.0d

Means followed by the same letter are not significantly different from each other according to Tukey’s 
HSD test (P<0.05); means were computed from 10 plants.

a) Treated plants (protected plots) 

b) Damaged plants (control plots)  
Figure 1. Comparisons of untreated and treated plots



74                 Melaku Wale and Ahunim Fentie
Pierce (2013) has developed economic threshold 
for alfalfa. Alfalfa is one of the most suitable hosts 
for pea aphid. Based on that model, the economic 
threshold for grass pea is reached at pod setting, the 
time when there were over 100 aphids per plant. 
According to Pierce (2013), the economic threshold 
is set as follows: insecticide application is justified 
when counts in established alfalfa stands average 
40–50 aphids per stem on plants less than 10 inches 
tall, or 70–80 aphids per stem on plants greater than 
10 inches tall. The two crops are different and we 
cannot use exactly the same model. However, until 
we develop our own economic threshold, we may 
use the one developed for similar crops such as 
alfalfa. 

 Ladybird beetle population 

According to the overall ANOVA, the density of 
ladybird beetles was highly significant among 
treatments (F=11.2, P<0.0001, R2=0.8). Effect 

test also showed the same result (Table 5). Spray 
treatment levels (doses), crop growth stages and 
their interactions were significantly different (Table 
5).

The density of ladybird beetles were more in untreated 
plots than treated plots especially at vegetative and 
flowering growth stages. The number of ladybird 
beetles was high at vegetative and flowering growth 
stages, i.e., 5 and 9.5 ladybird beetles per plot, 
respectively (Table 6). Generally, as the growth 
stage increases, the number of ladybird beetles 
decreases. Because of their mobility, insecticide 
application in neighborhood plots disturbs them 
and may avoid even unsprayed plots. Most farmers 
apply insecticide after crop flowering. That is why 
as the growth stage increases, the number of ladybird 
beetles decrease even on untreated plots (Table 6).  

Table 5. Effect Tests of treatments on ladybird population

Source DF* Sum of Squares F-Ratio P-value  

Treatment 2 64.3 14.0 <0.0001 
Growth stage 4 167.6 18.3 <0.0001 
Treatment*growth stage 8 126.5 6.9 <0.0001 

Table 6. Effect of dimethoate application and crop growth stage on ladybird density per plot on grass 
pea in South Achefer, West Gojam, Ethiopia in 2010/11.

 Spray levels
Growth stage Untreated Half dose Full dose
Seedling 0.3cd 1.3bcd 2.0bcd
Vegetative 5.0b 3.0bcd 4.0bc
Flowering (50%) 9.5a 1.5bcd 1.8bcd
Pod setting 1.5bcd 0.0d 0.0d
Maturity 1.5bcd 0.3cd 0.0d

Means followed by the same letter are not significantly different from each other according to Tukey’s 
HSD Test (P<0.05).

*Degree of freedom
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Parasitoid population

Parasitoids were recorded on untreated plots at pod 
setting and maturity stages. None were found on 
treated plots and in other growth stages of the crop. 
The density of the parasitoids was increasing as 
the crop growth stage increased on untreated plots. 
This is because as the number of aphids increase, 
the chances of infestation by parasitic wasps also 
increase. In contrast, on treated plots no parasitoids 
were recorded, thus there was no need to carry out 
statistical analysis. This shows that application of 
dimethoate had significant effect on parasitoids 
by controlling their host, i.e., aphids.  Joseph et al. 
(2010) also found that application of insecticide 
(pymetrozine) reduced the number of parasitoids 
(Aphidius ervi). 
 

Grain yield loss

According to the overall ANOVA, yield significantly 
varied among the three treatments (F=184.4, 

P<0.0001, R2=0.98). Dimethoate treated plots gave 
significantly more yield than untreated plots. But 
there was no difference between half dose and full 
dose application of dimethoate (Table 7).

On the basis of yield potential from fully controlled 
plots, yield loss was calculated to be 82.4% on 
untreated plots and 8.5% on half dose treated plots 
(Table 7). Similar results were reported on Aphis 
craccivora which caused 83.4% and 96.1% on faba 
bean cv. Masar 1 and Giza 429, respectively (EI-
Defrwi and EI-Harty, 2007).

Yield was negatively correlated with plant density, 
ladybird beetle and parasitoid but positively 
correlated with plant height. Aphids and their natural 
enemies had positive correlation. Plant density and 
height were negatively correlated (Table 8). The 
reason that the negative relation between yield and 
ladybird beetle and parasitoid was as the number of 
aphids increase, the number of ladybird beetles also 

Table 7. Effect of insecticide application on the yield of grass pea in South Achefer, West Gojam, 
Ethiopia (2010/11)

Treatment Yield Yield loss
 (q/ha) (%)
Untreated 5.6b 82.4
Half dose treatment(0.6 l/ha) 29.2a 8.5
Full dose (1.2 l/ha) 31.9a 0.0

Means followed by the same letter are not significantly different from each other according to Tukey’s HSD 
Test (P<0.05); means were computed from 12 plots; q stands for quintal or 100 kilo grams. 

Table 8. Correlation of plant height, density of the plants, aphids, ladybird beetles and parasitoids in 
South Achefer, West Gojam, Ethiopia (2010/2011).  
                                 
 Height Plant density Aphid density Ladybird 

beetle density
Parasitoid 
density

Yield

Height 1.0 
Plant density -0.5 1.0
Aphid -1.0 0.58 1.0
Ladybird -1.0 0.71 0.99 1.0
Parasitoid -0.99 0.59 1.0 0.99 1.0 
Yield 1.0 -0.49 -0.99 -0.96 -0.99 1.0
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increase then yield decreases and vice versa.  Melaku 
Wale (2004) , on the other hand found positive 
relationship between yield and ladybird beetle and 
parasitoids because the density of natural enemies 
was relatively higher, which eventually forced aphid 
numbers down and thus increased yields. Aphid and 
plant density had positive relationship which shows 
that high plant density carries high aphid population. 
Similar results were reported in previous studies 
done by Melaku Wale et al. (2003).  

CONCLUSIONS 

Aphids have significance effect on grass pea. When 
we compare the treated plots with untreated one, the 
untreated plots carried more aphids and their natural 
enemies (ladybird beetle and parasitoids). Number of 
aphids and parasitoids increased as the growth stage 
of the crop increased on untreated plots. Ladybird 
beetles decreased after pod setting. Plant height was 
negatively correlated with aphids, ladybird beetles, 
parasitoids and plant density.  Yield was positively 
correlated with height but negatively with aphids, 
plant density, ladybird beetle and parasitoids. 
Dimethoate treated plots give more yield than 
untreated plots. Half and full dose treatments did 
not significantly vary in yield. 

Based on these field and survey experiment results 
on pea aphids, Acyrthosiphon pisum (Homoptera: 
Aphididae) infestation level and damage on grass 
pea, Lathyrus sativus in South Achefer, West 
Gojam, Ethiopia, the following recommendations 
are given. Using insecticide significantly reduced 
pea aphids so that if biological control agents fail to 
stop them insecticides may be used. Applying half 
dose is more economical than full dose. Applying 
at pod setting stage is effective if farmers spray 
once, before flowering and before maturity if twice. 
Further research is required to determine the density 
of aphids and their natural enemies including their 
damage on grass pea at more representative sites. 
Economic threshold may be determined at hotspot 
locations. 
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Integrated management of root-knot nematode (Meloidogyne incognita) for tomato production 
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ABSTRACT

Root-knot nematode, Meloidogyne incognita, causes significant economic losses to tomato production. 
Aqueous suspension of rapeseed cake and BioNem WP were evaluated for their effect on root-knot nematode 
in the laboratory, pot house, nursery and field conditions. In the laboratory, three concentrations of rapeseed 
cake extracts (5, 10 and 20%) and two concentrations of BioNem extracts (5 and 10%) significantly reduced 
(p<0.05) the nematode egg hatching as well as juvenile motility over the untreated control. Higher concentration 
of rapeseed cake (20%) proved most effective in reducing hatching and affecting motility. The application of 
0.6 and 0.4 g/pot of BioNem both ten days before transplanting and at the time of transplanting resulted in 
less gall formation, number of eggs per egg mass and final nematode population over the untreated control in 
the pot house experiment. The incorporation of 600 kg/ha and 300 kg/ha of rapeseed cake and 150 and 75 kg/ 
ha of BioNem in the nursery beds reduced the nematode infestation and improved tomato seedling growth as 
compared to the untreated control. The effects of higher dosages BioNem (150 kg/ha) and rapeseed cake (600 
kg/ha) were at par with the chemical treated control (Fenamiphos at 3 kg/ha). 

Key words: BioNem, Meloidogyne incognita, Rapeseed cake, Tomato 

ha (FAOSTAT, 2007). Diseases and insect pests are 
the major bottlenecks in production in major tomato 
growing areas of Ethiopia (Lemma, 2002).  

Root-knot nematodes (Meloidogyne spp.) are among 
the major pathogens of vegetables especially in 
tomato and eggplants throughout the world (Sakhuja 
and Jain, 2001). In Ethiopia, tomato is heavily 
attacked by root-knot nematode, Meloidogyne 
spp. and the species Meloidogyne incognita is the 
dominant species in Rift Valley (Lemma Dessalegn, 
2002), central and eastern Ethiopia (Tadele Tefera 
and Mengistu Hulluka, 2000;  Wondirad Mandefro 
and Tesfamariam Mekete, 2002). Soils with higher 
sand content and near neutral pH in lower altitude 
in eastern Ethiopia were fund to be suitable to 
inhabit more nematode population (Tadele Tefera, 
1998). Vegetable crops grown in warm climates can 

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is an 
important food and cash crop of the farmers and is 
widely cultivated throughout the country (Lemma 
Dessalegn, 2004). It has very high potential for 
expansion under wide range of agro-ecologies of the 
country, provided that certain production constraints 
are alleviated (Fekadu Mariame et al., 2003). Tomato 
can be produced by direct sowing of the seed in the 
field or transplanted from seed beds. Transplanting 
has the advantage of economic use of seeds, selecting 
superior and vigorous seedlings, easiness for field 
establishment and early harvest (Lemma Dessalegn, 
2002). The current average national yield of tomato 
is 7.1 t/ ha (CSA, 2009) which is significantly 
lower than the current world average yield of 27 t/
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experience severe losses from root-knot nematodes 
(Sakhuja and Jain, 2001). Symptoms of root-knot 
nematode include galling on roots, stunted growth, 
wilting, a decline in yield of the crop (Sasser, 1980). 
Root-knot nematodes can severely restrict all the 
vital functions of plant roots, including the absorption 
and transfer of water and nutrients (Agrios, 2005). 
Besides, they provide easy entrance for secondary 
infection causing microorganisms (Romy and Robert, 
2008). Therefore, to avoid damage due to root-knot 
nematode, appropriate management options should 
be applied timely.

Crop rotation with non host or less susceptible crop 
varieties, soil solarization, organic soil amendments, 
cultural and tillage practices, use of nematode free 
transplants, and pre-planting nematicide treatments 
and biological control are among different options of 
its management (Donald and Brent, 1998; Sakhuja 
and Jain, 2001). Root-knot nematodes can be 
successfully managed by soil organic amendments 
with oil cakes or by integrating oil cakes with other 
management components (Khan and Sexena, 1997; 
Goswami et al., 2006). Glucosinolates which are 
the constituent of rapeseed cake have nematicidal 
and nemestatic effects on root-knot nematode due 
to its hydrolyzed substance like isothiocyanates 
(Mojatahedi et al., 1993). BioNem WP is a 
biological nematicide, derivatives of the bacterium 
Bacillus firmus, supplemented with certain additives 
which are of plant and animal origin.  The product is 
commercially used in Israel for the control of root-
knot nematodes (Meloidogyne spp.) in vegetables 
(cucumber, tomatoes, pepper, eggplant), herbs, 
in perennial crops (stone-fruits) and ornamentals 
(Keren-Zur et al., 2000).

Although many options have been tested for the 
management of root-knot nematode on different 
crops in different parts of the world, little work has 
been done in Ethiopia. There is need of determining 
some management options which can be practically 

feasible.The objectives of this research were to 
evaluating the effects of extracts of rapeseed cake and 
BioNem on egg hatching and motility of root-knot 
nematode, find out the effect of time of application of 
BioNem on root-knot nematode infestation in tomato 
and Determine effect of rapeseed cake and BioNem 
applications in nursery on root-knot nematode and 
tomato seedling performance 

MATERIALS AND METHODS

Determination of root-knot nematode 
population in the soil 

Determination of population of root-knot nematode 
was done based on Baermann funnel technique 
(Southy, 1970). One hundred cc of soil sample was 
added in a 250 ml beaker. The beaker containing 
the soil was kept gently (upside down) in the funnel 
containing water and then about 20 ml of nematode 
suspension was collected in a beaker after 24 hours. 
The suspension was made to 60 ml by adding the 40 
ml of tap water. It was bubbled with pipette and 5 ml 
of it was transferred to the nematode counting dish. 
The number of juveniles of root-knot nematode was 
counted under a stereomicroscope and multiplied by 
the dilution factor (12) for estimation of nematode 
population in the soil sample.

Identification of Meloidogyne species

Root galls on an infested tomato root collected from 
Tony farm were teased apart with forceps to separate 
out the adult females after stained with acid fuchion. 
The adult females were collected and kept overnight 
in a Petri dish with lactopheno. The perineal region 
of females was cut and was trimmed to square shape 
and placed to a drop of glycerine on a clean glass 
slide with the interior surface of the cuticle being 
placed against the glass. The cover slip was gently 
placed on the glycerin drop and sealed with nail 
polish and the slide was labeled. Examination of 
20 perineal patterns for species identification was 
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performed with compound microscope. All the 
perineal patterns resembled to those of M. incognita 
as described by Jepson (1987) and Sasser and Carter 
(1985).

Raising of stock culture of root-knot nematode 
and collection of egg masses

Severely infected tomato plant roots were collected 
from Tony farm which is the main research site 
of Haramaya University in Dire Dawa. Using 
dissecting needle and forceps, the egg masses were 
separated from the infected root tissues after washing 
and then kept in the sterile water for hatching for 5 
days. The hatched juveniles were inoculated to the 
sterilized soil in pots on which the tomato seedlings 
were transplanted to raise stock culture of root-
knot nematode (Randhawa et al., 2002). This was 
sub cultured to maintain sufficient culture of root-
knot nematode for subsequent experiments in the 
laboratory and pot house. With similar procedure 
some egg masses were collected from the stock culture 
and kept in refrigerator at 10 oC to prevent hatching 
before application of treatments for hatchability 
experiment. Others were kept on laboratory bench 
at room temperature for 5 days till hatching of the 
juveniles for motility evaluation experiment.

Effect of Rapeseed Cake and BioNem Extracts 
on Egg Hatching

Extracts were prepared separately by taking 100 g 
of rapeseed cake and BioNem each soaked in one 
liter of water for 12 hours (Metasebia Terefe et 
al., 2009). The suspensions were filtered through 
the muslin cloth and then centrifuged at 3000 rpm 
for 5 minutes to obtain the supernatants which 
were designated as standard 100 % solutions. Six 
treatments (5, 10 and 20% rapeseed cake extract; 
5 and 10% BioNem extract and untreated control) 
were laid out in completely randomized design 
(CRD) with four replications for each. Three ml 
of extracts of each concentration were added in 

sterile Petri dish (5 cm diameter). Five almost equal 
sized egg masses were picked up using forceps and 
placed in each Petri dish containing the extracts. Egg 
masses kept in sterilized distilled water were used as 
control. All the Petri dishes were covered to avoid 
possible contamination from open air and kept on 
the laboratory bench for hatching. The maximum 
and minimum temperatures during the experiment 
were 24.2 and 16.0 oC, respectively. 

Effect of rapeseed cake and bionem extracts on 
motility of juveniles

Six treatments (5, 10 and 20% rapeseed cake extract; 
5 and 10% BioNem extract and untreated control) 
were evaluated in completely randomized design 
(CRD) with four replications. Three ml of extracts 
of 10, 20 and 40% rapeseed cake and 10 and 
20% BioNem were added. Three ml of nematode 
suspension containing 42 juveniles/ml on average 
was added. The resultant concentration of extracts 
in the Petri dishes became 5, 10 and 20% of rapeseed 
cake and 5 and 10% of BioNem. The Petri dish with 
3 ml of nematode suspension 3 ml sterilized distilled 
water was used as control. 

Effect of bionem application on root-knot 
nematode infestation in tomato 

Pots were prepared. One month old tomato seedlings 
(cv. Melkashola) were transplanted to each pot 
containing sterilized soil with the proportion of 1: 
2: 3 of sand, compost and clay, respectively. The 
soil near to the seedling root system was inoculated 
artificially with freshly hatched M. incognita at 
1000 juveniles per 1200 cc of soil 3 days after 
transplanting. Eleven treatments comprising 
different times (at transplanting, 10 days before 
and 10 days after transplanting) of application of 
different rates (0.2, 0.4 and 0.6 g per pot) of BioNem 
were evaluated in randomized complete block design 
(RCBD) with three replications in greenhouse. 
There were uninoculated and inoculated controls. In 
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uninoculated control neither the nematode juveniles 
nor BioNem was applied. In case of inoculated 
control, the nematode juveniles were applied.

Effect of rapeseed cake and bionem on root-knot 
nematode and seedling growth in nursery 

Rapeseed cake at the rates of 300 and 600 kg/ ha and 
BioNem at 75 and 150 kg/ha were evaluated in a 
randomized compete block design (RCBD) with five 
replications. Chemical treated control (Fenamiphos 
(Nemacur 10 G) at 3 kg/ha) and an untreated control 
check were included. The selected site for nursery 
was infested with root-knot nematode. However to 
create better and uniform infestation, well chopped 
15 kg of severely nematode (M. incognita) infested 
roots of tomato were incorporated in to the soil 
in a uniform manner before raising the beds. The 
rapeseed cake was applied and incorporated in the 
soil three weeks before sowing of tomato seeds and 
the beds were watered as required to keep the soil 
moist and facilitate the decomposition of oil cake, 
whereas BioNem and Fenamiphos were applied at 
the time of sowing in furrows. 

Data Analysis

Three days after treatment application, the hatched 
juveniles were looked and counted using stereoscopic 
microscope (50X) and this was done every three days 
interval, till hatching ceased in the control. The data 
on hatched juveniles were square root transformed to 
normalize variances by using the formula (√(x+0.5)). 
The transformed data were subjected to analysis of 
variance (ANOVA) using SAS programme (SAS 
Institute, 2004). The data on motile and non-motile 
juveniles were also recorded after 12, 24, 36 and 48 
hours in percentage and subjected to ANOVA (SAS 
Institute, 2004). 

The data on plant height, fresh shoot weight, fresh 
root weight, dry shoot weight, number of galls 
per plant, number of eggs per egg mass and final 
nematode population per pot were collected at 70 
days after transplanting. These collected data were 
analyzed using SAS (version 9) (SAS Institute, 
2004). Number of galls per plant, final nematode 
population and number of eggs per egg mass were 
square root transformed (√(x+0.5)) to normalize 
variances before analysis. 

Table 1. Effects of rapeseed cake and BioNem extracts on cumulative egg hatching of M. incognita under 
laboratory condition

Treatments (extracts) No. of juveniles hatched/ 5 egg 
masses (Mean+SE)

% inhibition of hatching over 
untreated control

5% rapeseed cake 9.09+0.12 (82.25)* b 76.52**
10% rapeseed cake 6.08+0.43 (37.50) cd 84.30
20% rapeseed cake 4.84+0.21 (23.25) d 87.50
5% BioNem 7.24+0.14 (52.00) c 81.30
10% BioNem 4.96+0.32 (24.75) d 87.19
Untreated control 38.72+0.82 (1502.00) a -
CV 9.46 -
LSD 1.66 -

  
SE = standard error, CV=coefficient of variation, LSD=least significant difference
  Means within a column followed by the same letter are not significantly different (p<0.05)
  *Figures in parentheses are non-transformed data
  ** the percentage was calculated from transformed data
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Prior to application of rapeseed cake initial nematode 
population density was determined (i.e. 573.8 
juveniles/100 cc soil). Number of gall per seedling, 
seedling height and biomass growth were recorded 
from randomly taken seedlings of the inner rows in 
each bed. The data were analyzed according to the 
standard ANOVA procedures using SAS (version 
9) (SAS Institute, 2004). The treatment means were 
separated using the least significant differences 
(LSD).

RESULTS AND DISCUSSION

The effect of rapeseed cake and bionem extracts 
on egg hatching of root-knot nematode

Rapeseed cake and BioNem extracts significantly 
inhibited (p<0.05) the cumulative hatch of M. 
incognita eggs over the untreated control (Table 1). 

The maximum inhibition percentage was observed 
with the extract of rapeseed cake at the highest 
concentration (20%). Rapeseed extract at 5% was 
least effective among the different treatments but 
it also significantly reduced cumulative egg hatch 
over the untreated control.
Inhibitions in hatching by rapeseed cake and BioNem 
extracts were observed from the first observation 

made after three days of treatment application and 
hatching went on decreasing more with time period 
(Figure 1) whereas more hatching was observed in 
free water (control).

The effect of rapeseed cake and bionem extracts 
on motility of juveniles

The highest concentration of rapeseed cake extract 
(20%) affected significantly (p<0.05) the juvenile 
motility within 12 hours (first observation) (Table 
2). The lower concentrations of extracts which 
initially appear less effective but later on their effect 
increased and showed as equal effect as the higher 
concentrations at the last observation (48 hrs) and 
more than 95% of juveniles were affected at all 
concentrations of the treatments. 

The results obtained from the two experiments 
indicated that extracts of rapeseed cake as well as 
BioNem adversely affected the egg hatching and 
juvenile motility of M. incognita. Singh et al. (1978), 
reported that the oil cake extracts adversely affected 
hatching of root-knot nematode (M. incognita) 
in India. The inhibitory effect with rapeseed cake 
extracts may be due to the toxic substances released 
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Figure 1. Effect of rapeseed cake and BioNem extracts on M. incognita egg hatching
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during decomposition. Lazzari et al. (2004) reported 
that the hydrolysis products of glucosinolates 
(essentially isothiocyanates) present in Brassica oil 
cakes resulted in highly different biocidal activities. 
In the presence of myrosinase, glucosinolates are 
toxic to Heterodera schachtii (Lazzeri et al., 1993). 
Rapeseed which contains glucosinolates has been 
found effective in suppressing M. Chitwoodi and the 
second stage juveniles were more sensitive than egg 
masses (Mojtahedi et al., 1993). 

Mendoza et al. (2008) proved that B. firmus inhibit 
egg hatchability of M. incognita. The effect of 
BioNem extract on egg hatching may be attributed 
to the dual effect of the product through direct 
toxicity of the plant and animal origin additives as 
well as the toxic substance (secondary metabolites) 
produced by B. firmus. BioNem is a formulated 
commercial product of 3% B. firmus and 97% of 
animal and plant origin additives (Giannakou and 
Prophetou-Athanasiadou, 2004). Similar result 
was reported by Metafer Terefe et al. (2009) from 
study on egg hatching inhibitory effect of BioNem 
at different concentration on M. incognita in Dire 
Dawa. Different culture filtrates of bacteria are also 
known to affect the motility of juveniles of root-

knot nematodes. The inhibitory effect on juvenile 
mortality of the root-knot nematode, M. javanica, 
due to Pseudomonas polymyxa and Pseudomonas 
spp. was reported by Ali et al. (2002).

The effect of bionem application on root-knot 
nematode infestation in tomato 

Application of BioNem 10 days before transplanting, 
at transplanting and 10 days after transplanting at 
different rates were found to adversely affect root 
galls, final nematode population and number of eggs 
per egg mass of root-knot nematode (M. incognita) 
and improve the performance of tomato plant (Table 
3, 4 and 5). Significantly higher gall reduction was 
recorded at 0.6 g/pot (62.88%) followed by 0.4 g/
pot (52.98%) when applied at the time of tomato 
transplanting (Table 3). In contrast, more gall 
formation was recorded with 0.2 g/pot when applied 
at 10 days after transplanting. The inoculated control 
had the highest number of galls. 

There was the least population density with 0.6 g/pot 
used at the time of transplanting followed by the pot 
treated with 0.6 g/pot before ten days of transplanting 

Table 2. Effects of rapeseed cake and BioNem extracts on motility of M. incognita juveniles

Treatment
(extract)
 

% of motile juveniles*
12 hours 24 hours 36 hours 48 hours

5% rapeseed cake 66.6+2.87 b 41.07+4.91 b 20.55+3.88 b 3.33+1.56 cb
10% rapeseed cake 38.52+3.60 c 18.10+2.57 c 4.68+6.72 cd 1.82+0.36 cb
20% rapeseed cake 29.14+1.86 d 4.72+0.88 d 1.21+0.53 d 0.00+0.00 c
5% BioNem 62.87+2.72 b 25.97+1.63 c 8.90+1.65 c 4.42+1.10 b
10% BioNem 37.53+1.87 c 9.29+2.09 d 1.71+0.77 d 0.56+0.36 c
Untreated control 97.77+0.73 a 93.12+1.95 a 91.17+1.99 a 89.99+1.99 a
CV (%) 8.85 16.59 18.07 13.73
LSD (α=0.05) 7.28 7.9 5.74 3.4

CV=coefficient of variation, LSD=least significant difference
Means with in the same column with a common letter are not significantly different (p<0.05)
*Percentage of the motile juveniles are used for analysis
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among BioNem treatments. BioNem at 0.6 g/pot at 
the time of transplanting resulted in the least number 
of eggs/ egg mass compared to that of the inoculated 
control as well as BioNem used at different times 
and rates (Table 3).

BioNem at 0.6 g/pot used at the time of transplanting 
improved the plant height which was comparable with 
the nematode free control (Table 4). No significant 

difference in plant height was observed with time of 
application of the particular rate although relatively 
better plant height was observed when applied at the 
time of transplanting.

In contrast to the previous trends, the lowest fresh 
root weight was recorded from the nematode free 
control whereas the nematode inoculated control 
resulted in the largest fresh root weight followed by 

Table 3. Effect of time and rate of application of BioNem on M. incognita infestation in tomato plants in the 
pot house

BioNem/pot (g) Galls/plant* 
(Mean+SE)

Reduction 
in galling 
over the 
inoculated 
control (%)

Final nematode 
population* 
(Mean+SE)

Reduction in 
final nematode 
population 
over inoculated 
control (%)

Number of 
eggs/egg mass* 
(Mean+SE)

Reduction 
in number 
of eggs/ egg 
mass over 
inoculated 
control (%)

    0.2BT 18.74+0.36 
b(351.00)**

40.14 10.68+0.19 
bcd(113.67)

53.41 19.86+0.44 
bc(391.83)

21.05

    0.4BT 17.86+0.42 
bc(318.67)

45.65 10.36+0.21 
cd(107.00)

56.15 18.34+0.64 
d(336.83)

32.14

    0.6BT 17.19+0.28 
bc(295.00)

49.69 9.37+0.22 
e(87.33)

64.21 17.88+0.14 
d(319.33)

35.66

    0.2ST 18.66+0.56 
b(348.33)

40.59 10.64+0.12 
bcd(112.67)

53.82 17.92+0.69 
d(321.67)

35.19

    0.4ST 16.61+0.47 
c(275.67)

52.98 10.24+0.32 
d(104.67)

57.1 17.75+0.23 
de(314.67)

36.6

    0.6ST 14.75+0.61 
d(217.67)

62.88 9.11+0.27 
e(82.67)

66.12 16.46+0.48 
e(270.83)

45.43

    0.2AT 18.84+0.51 
b(355.00)

39.45 11.12+0.31 
b(123.33)

49.45 20.27+0.13 
b(410.50)

17.29

    0.4AT 18.77+0.42 
b(352.33)

39.91 11.05+0.22 
bc(121.67)

50.14 18.65+0.80 
cd(348.50)

29.78

    0.6AT 18.42+0.72 
b(340.00)

42.01 10.42+0.31 
bcd(108.33)

55.6 18.55+0.28 
cd(343.83)

30.73

Inoculated control 24.17+1.12 a 
(586.33)

- 15.63+0.42 
a(244.00)

- 22.29+0.25 
a(496.33)

-

Uninoculated control 0.71+0.00 e(0)  - 0.71+0.00 f(0) - 0.71+0.00 f(0) -
CV (%) 6.04 -  4.33 - 4.5 -
LSD (α=0.05)1.73 - 0.73 - 1.31 -

BT=before transplanting, ST=at the same time of transplanting, AT=after transplanting, SE = standard error, 
CV=coefficient of variation, LSD=least significant difference 
Means within the same column with a common letter are not significantly different (p<0.05).
* The data on number of galls, final nematode population and number of eggs were square root transformed 
(√(x+0.5))
**figures in parentheses are non-transformed data
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0.2 g/pot used at ten days after transplanting because 
diseased root tissue were heavier than the healthy 
tissue. Pots with 0.6 g/pot BioNem at the time of 
transplanting gave relatively healthy root system and 
lower root weight as compared to other treatments. 

The root-knot nematode infestation adversely 
affected the plant growth showing that the nematode 
infestation was the limiting factor. The highest foliar 
biomass was recorded with 0.6 g/pot BioNem used at 
the time of transplanting followed by nematode free 
control (Table 5). The lower dose of BioNem  (0.2 
g/pot) applied ten days after transplanting resulted 
in less increase in shoot growth over the inoculated 
control.

Dry shoot weight also showed similar trends to the 
fresh shoot weight. BioNem significantly improved 
(p<0.05) the dry shoot weight ranging from 20.97 to 
27.07 g (Table 5). The nematode inoculated control 
resulted in the least dry shoot weight (19.47 g) while 

the nematode free control resulted in the highest 
(28.27 g) dry shoot weight.

The root-knot nematode M. incognita is responsible 
for large yield losses in several horticultural crops 
(Lazzeri et al., 2004). From this study, different times 
of application and rates of BioNem reduced the M. 
incognita infestation at different level. However, it 
was noticeable that 0.6 g/pot at transplanting was 
found better than others affecting galling and egg 
production per egg mass followed by 0.4 g/pot 
BioNem application at the time of transplanting. 
Different rates of BioNem utilization showed 
different extent of damage. Metasebia Terefe et al. 
(2009) also proved on their study on rate of BioNem 
against M. incognita infestation and the effect was  
higher  with increased rate. BioNem used before and 
at the time of transplanting were better compared 
to the delayed applications. This may be happened 
due to the direct effect of BioNem to the inoculated 
juveniles before they established themselves in 

Table 4. Effect of time and rate of application on BioNem on plant height and fresh root weight of 
tomato plants in M. incognita infested soil in the pot house

BioNem/pot (g) Plant height (cm) 
(Mean+SE)

Increase in 
height over 
inoculated 
control (%)

Fresh root weight 
(Mean+SE)

Decrease in fresh 
root weight over 

inoculated control 
(%)

0.2BT 47.67+2.33 c 2.89 52.30+1.97 bc 13.45
0.4BT 53.67+3.48 abc 15.84 47.97+1.68 cd 20.62
0.6BT 57.00+2.52 ab 23.03 46.50+1.31 cd 23.05
0.2ST 54.67+4.06 abc 18.00 48.53+2.27 cd 19.69
0.4ST 59.33+1.45 ab 28.06 46.33+2.07 cde 23.33
0.6ST 62.00+4.16 a 33.82 43.90+2.19 de 27.35
0.2AT 47.00+2.52 c 1.45 56.73+4.57 ab 6.12
0.4AT 52.00+2.00 bc 12.24 49.00+3.19 bcd 18.91
0.6AT 54.33+2.33 abc 17.27 48.63+3.14 cd 19.53
Inoculated control 46.33+2.60 c - 60.43+3.59 a -
Uninoculated control 61.33+1.86 a 32.38 38.43+1.11 e 36.41
CV (%) 9.06 - 9.65 -

LSD (α=0.05) 8.35 - 8.05 -
BT = before transplanting, ST = at the same time of transplanting, AT = after transplanting, SE = standard 
error, CV = coefficient of variation, LSD = least significant difference and 
Means with in the same column with a common letter are not significantly different (p<0.05)
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the tomato root. Moreover, the bacterium may 
release nematoxic or nemastatic substances to 
the soil environment. Khan and Tarannum (1999) 
also proved that the use of Bacillus subtilis in root 
dipping and soil application showed a significant 
reduction of root galling and multiplication of M. 
incognita and hence improved the plant growth and 
yield. Siddiqui and Shaukat (2004) also showed on 
their study that the application of P. aeruginosa and 
P. fluorescens against root-knot nematode in tomato 
significantly lowered the root-knot development and 
final nematode population densities. P. penetrans 
has been identified as an important biological 
control agent of root-knot nematodes in suppression 
of nematode survival (Chen et al., 1997). 

It is apparent from the present study that the 
application of BioNem before or at the time of 
transplanting is better for healthy plant growth in 
terms of fresh and dry shoot weight and fresh root 
weight since the infestation of the nematode was 
suppressed. However, there were no significant 
differences in plant height.

Effect of rapeseed cake and bionem on root-knot 
nematode and seedling growth in nursery

There were significant differences (p<0.05) in gall 
formation on seedlings among rapeseed cake (300 
and 600 kg/ha), BioNem (75 and 150 kg/ha), chemical 
treatment (Fenamiphos at 3 kg/ha) and untreated 
control (Table 6). There was significantly more gall 
formation in the untreated control compared to all 
other treatments applied. Fenamiphos treated beds 
had the lowest number of galls followed by higher 
rate of BioNem (150 kg/ha) and rapeseed cake (600 
kg/ha) treatments. 

The heights of the tomato seedlings at the time 
of uprooting for transplanting were significantly 
different (p<0.05) among treatments (Table 6). 
The seedling height was maximum in the chemical 
treated control which was followed by 150 kg/ha 
BiNem treatment. The lowest seedling height was 
recorded in the untreated control, though it was not 
significantly different from the application of the 

Table 5. Effect of time and rate of application on BioNem on fresh and dry shoot weight of tomato 
plants in M. incognita infested soil in the pot house

BioNem/pot (g) Fresh shoot weight 
(g) (Mean+SE)

Increase in fresh 
shoot weight over 

IC (%)

Dry shoot weight  
(g) (Mean+SE)

Increase in dry 
shoot weight 
over IC (%)

0.2BT 147.87+2.15 de 5.72 21.23+0.88 cde 9.04
0.4BT 170.00+2.47 cd 21.54 25.20+1.06 abc 29.43
0.6BT 175.40+0.92 abc 25.4 26.17+1.20 ab 34.41
0.2ST 170.23+2.64 bcd 21.71 25.27+1.66 ab 29.79
0.4ST 172.97+5.97 abc 23.66 25.57+1.90 ab 31.33
0.6ST 195.87+4.93 a 40.04 27.07+1.55 ab 39.03
0.2AT 141.17+14.39 e 0.93 20.97+1.75 de 7.7
0.4AT 147.77+3.70 de 5.65 23.77+0.74 bcd 22.09
0.6AT 159.17+7.05 cde 13.8 25.13+1.22 abc 29.07
Inoculated control (IC) 139.87+19.56 e - 19.47+2.09 e -
Uninoculated control 195.00+2.76 ab 39.42 28.27+0.17 a 45.2
CV (%) 8.91 - 9.71 -
LSD (α=0.05) 24.99 - 4.03 -

BT = before transplanting, ST = at the same time of transplanting, AT= after transplanting, SE = standard error, 
CV = coefficient of variation, LSD = least significant difference and 
Means within the same column with a common letter are not significantly different (p<0.05)
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lower rate of BioNem (75 kg/ha) as well as rapeseed 
cake (300 kg/ha). The higher rates of BioNem and 
rapeseed cake also ensured the largest seedling 
biomass next to the Fenamiphos treated control.
The damage of M. incognita is more sever if the 
seedlings are infested. Therefore to minimize yield 
losses it is necessary to manage the nursery to have 
relatively healthy transplants for the main field. The 
results obtained from the present study showed that 
BioNem at 150 kg/ha and rapeseed cake at 600 kg/
ha applications reduced the number of galls formed 
and improved the seedling growth. Comparatively 
the soil treated with different rates of oil cake 
significantly reduced root-knot development and 
nematode multiplication, hence, increased the plant 
growth and yield (Pandey, 1994). Rapeseed cake has 
been used as a soil amendment to control nematodes 
(Brown and Morra, 2005). Its incorporation in to 
soil before planting served as effective nematicide 
against Meloidogyne spp. (Ameen and Bondox, 
2006). The adverse effect of mustard oil cake on root-
knot nematode has also been reported by Goswami 
et al. (2006). 

The improvement in plant growth through the 
incorporation of oil cake may be attributed to the 
addition of nutrients to the soil resulting from the 
decomposition and the decomposed material may 
have direct killing or inhibiting effect on nematodes. 
Moreover, it may also create conducive environment 
for the naturally existing microorganisms which 
parasitize nematodes (Oka et al., 2007). The ability 
of P. lilacinus to control the nematodes increased 
when it was integrated with the organic matter 
(Ahmad and Khan, 2004). The decomposition of 
organic matter released nematicidal principle and 
the residual organic matter increased fungal activity 
and persistence (Khan and Saxena, 1997). 

The present study proved that the application of 
BioNem at 75 and 150 kg/ha adversely affects the 
root-knot nematode (M. incognita) infestation. This 
effect might be due to direct toxicity of the product to 
the juveniles. Metasebia Terefe et al, (2009) reported 
that the application of BioNem at different dosage 
gave better and healthy plant growth and reduced 
the gall formation over the uninoculated control. 

Table 6. Effect of soil application of rapeseed cake and BioNem on M. incognita infestation and growth 
of tomato seedlings in nursery

Treatments (kg/ha) Galls/plant 
(Mean+SE)

Reduction 
in galling 
over UC  

(%)

Seedling 
height (cm)  
(Mean+SE)

Increase in 
height over 

UC (%)

Seedling 
biomass (g)  
(Mean+SE)

Increase 
in weight 
over UC 

(%)
300 rapeseed cake 3.41+0.05 b 23.54 16.33+0.64 bc 5.15 14.99+0.64 bc 12.45
600 rapeseed cake 2.73+0.14 bcd 38.79 17.60+0.76 bc 13.33 15.99+0.71 ab 19.95
75 BioNem 3.33+0.16 bc 25.34 15.94+0.52 cd 2.64 13.95+0.26 cd 4.65
150 BioNem 2.65+0.26 cd 40.58 18.24+0.73 ab 17.45 15.99+0.44 ab 19.95
Nematicide 2.54+0.39 d 43.05 19.62+0.91 a 26.34 16.72+0.46 a 25.43
Untreated control 
(UC)

4.46+0.27 a - 15.53+0.75 d - 13.33+0.27 d -

CV (%) 17.3 - 8.86  - 7.27 -

LSD (α=0.05) 0.73  - 2.01  - 1.45 -

SE = standard error, CV=coefficient of variation, LSD=least significant difference and 
Means with in the same column with a common letter are not significantly different (p<0.05)
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The effectiveness of Bionematicidal formulation (B. 
firmus) affecting hatching juvenile mortality was 
reported by (Giannakou et al., 2007). 

CONCLUSION

The aqueous extracts of rapeseed cake (20% 
concentration) and BioNem (10%) preferably 
inhibited the egg hatching as well as juvenile 
motility of M. incognita. This highest concentration 
of rapeseed extracts was the best, although other 
treatments also significantly inhibited both the egg 
hatching and juvenile motility. 

BioNem at all rates per pot was effective in reducing 
the nematode infestation and improvement of the 
tomato plant growth in the pot house. Of all the 
treatments, the higher rate (0.6 g/pot) applied at 
the time of transplanting showed significantly 
better suppression in gall formation, final nematode 
population density and number of eggs per egg mass 
of M. incognita and also improved plant height, 
fresh and dry shoot weight and it was followed by 
the application done ten days before transplanting. 

The application of 150 kg/ha BioNem and 600 kg/ 
ha rapeseed cake gave results comparable with the 
Fenamiphos in reducing gall formation, improving 
seedling height and weight in the nursery trial. 
Management in the nursery is very important since 
the pest is aggressive in the early stages of the crop. 
Treating the main field on which the seedlings are 
transplanted ensures more protection against M. 
incognita as far as infection occurs in the main 
field also. Therefore, combination of treatments in 
the nursery and main field can be applied to fields 
suffering from root-knot nematode infestation.

Generally, the application of higher dosage of 
rapeseed cake and BioNem has given better results 
on the suppression of nematode infestation and 
improvements in plant performance. The time of 

incorporation of rapeseed cake should allow better 
decomposition of the cake since the availability of 
more decomposed substance give better control and 
avoids chances of phytotoxicity.
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ABSTRACT

The efficiency of the composting is dependent on factors such as, number of microorganisms, nutrient balance, 
temperature, pH, electrical conductivity and moisture content. However there is paucity of data on these 
parameters and the influence of compost on the yield of kale. The aims of this study were to investigate the 
microbial counts, the physico-chemical parameters of compost and to assess the influence of compost on the 
growth yield of kale (Brassica oleracea) plants. The number of bacteria decreased  from 1.2x106 cfu/g at the 
initial stage of composting to 1.3x104 cfu/g at the end of the process. Likewise,  the number of fungi decreased 
from 6.05x106 cfu/g to 1.05x104 cfu/g. On the other hand the number of actinomycetes increased from 5.2x105 
cfu/g to 7.4x106 cfu/g towards the end of the composting period.  The electrical conductivity and pH increased 
through out the composting period. Mean monthly moisture content, organic matter, carbon content, nitrogen 
content and carbon-nitrogen ratio decreased from the initial stage to the final stage of composting. Statistically 
significant difference in growth parameters of kale plant was observed between compost and inorganic 
fertilizer (p < 0.05). Electrical conductivity and pH are the parameters that influenced growth of bacteria and 
fungi negatively while the organic matter content, C: N ration were the parameters that influenced the growth 
of actinomycetes.  The mature compost improved the plant growth parameters better than inorganic fertilizer 
Addition of compost gave a better growth of kale compared to that of inorganic fertilizers. Compost 

Key words: actinomycetes, bacteria, compost, fungi,  kale, physico-chemical

strategies it is gaining interest as a suitable option for 
chemical fertilizers because the process eliminates 
or reduces the toxicity of municipal solid waste. The 
final product can be used to improve and maintain 
soil quality (Epstein, 1997). 

Compost is one of nature’s best mulching and soil 
amendment materials. It can be used instead of 
commercial fertilizers. Best of all, compost is cheap 
because it can be produced at minimum cost. The 
use of compost improves soil structure, texture, 
aeration and soil water-holding capacity (Martin 
and Gershuny, 1993). Production of municipal solid 
waste, including organic waste is increasing while 

INTRODUCTION
Compost is the product of aerobic process during 
which microorganisms play an important role. 
Essentially, the microorganisms decompose 
the organic matter into a stable amendment for 
improving soil quality and fertility. A number of 
biological wastes can be used for composting which 
include municipal solid wastes, animal and human 
excreta (Tiquia, 2005). Composting has been widely 
used for stabilization of different types of wastes. 
Composting cannot be considered a new technology, 
but among the municipal solid waste management 
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soils are progressively losing organic matter due 
to intensive cultivation and climatic conditions. 
This makes the recycling of organic waste as soil 
amendments, a useful alternative to incineration, 
landfill or rubbish dumps (Massiani and Domeizel, 
1996). Recycling of organic wastes in agriculture 
after appropriate biological treatment can produce 
valuable organic matter and be of great interest 
in countries where nutrient-deficient and poor 
quality soils prevail (Hassen et al., 2001). Reports 
showed that application of municipal solid waste 
compost in agricultural production has improved 
soil physicochemical properties, increased water 
retention as well as improved the crop yields (Ghaly 
and Alkoaik, 2010).

Bahir Dar is one of the fastest growing towns in 
Ethiopia facing a growing challenge of solid waste 
management. The per capita municipal waste 
generation in 2010 was 0.25/kg/day. With anticipated 
increase in population, it is estimated that the per 
capita waste generation in the year 2020 will be 0.45 
kg/day (Bahir Dar Town Administration, 2010). 
Domestic solid waste must be effectively collected, 
disposed or used efficiently through composting and 
the compost can be used as bio-fertilizer. Monitoring 
of the microbial succession is important in the 
effective management of the composting process as 
microorganisms play important roles in the process 
and the appearance of some microorganisms reflects 
the quality of maturity of compost (Ryckeboer et al., 
2003). Many factors such as, moisture, composition of 
the feed, pH, and temperature, affect the composting 
process and the quality of the end product (Sunberg 
2005). However there is paucity of data on these 
parameters and the influence of compost on the yield 
of kale.  The aims of this study were to investigate 
the microbiological and physicochemical parameters 
of compost collected from Bahir Dar town and to 
evaluate the influence of compost on plant growth 
parameters of kale.  

MATERIALS AND METHODS

Description of the Study Area

The study was conducted from November, 2010 
to May, 2011 in Bahir Dar town, Amhara National 
Region State, situated on the shore of Lake Tana 
at about 1780 meters above sea level. The mean 
annual rainfall and average temperature are 1437 ml 
and 18.3°C, respectively. In 1994 the town had an 
estimated total population of 96,140 and according 
to the  2010 population and housing census of 
Ethiopia, Bahir Dar town has a total population of 
256,999 (Central Statistical authority, 2010). 

Compost preparation and sampling
A composting fence having a width of one meter, 
length of two meters and a height of 1.5 meters 
above the earth was prepared. The fence was filled 
with solid wastes (dry leaves, stem of maize) up 
to 30 cm and with paper, cattle manures and food 
wastes  above the solid waste about 20 cm height. 
Soil was added above the waste material for 20 cm 
high. Again the dry leaves, stem of maize, paper, 
cattle manure and food wastes (leaves of avocado, 
onion, orange, banana and mango) were added to the 
composting fence above the fertile soil. The upper 
layer of compost was covered with dry leaves to 
protect the composted heap from wind and sunshine. 
The other two fences were prepared with width of 
one meter, length of two meters and a height of 1.5 
meters above the earth that is used for turning and 
mixing of compost (Hassen et al., 2001).

The waste was processed in open windrows of 
about 2 m length, 1 m of width and a height of 1.5 
m. The windrows were turned once per month with 
a compost turner. Samples were taken from three 
locations (top, middle and bottom) each separated by 
0.5 m vertically. A total of 30 compost samples were 
collected with sterilized beaker over three months 
period at intervals of three days for microbiological 
and physicochemical analyses. 
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Microbiological analysis

Preparation of inoculums
Fifty gram of compost was added to 950 ml of 
normal saline and homogenized for 30 minute. Ten 
fold serial dilutions (10-1 to 10-4) were made from 
the homogenate. The homogenate was used for 
enumeration of aerobic mesophilic bacteria, fungi, 
and actinomycetes. 

Enumeration of aerobic mesophilic bacteria

One ml of homogenate was aseptically transferred 
onto plate count agar (Oxoid, England) in triplicates. 
The pates were incubated at 37°C for 24 h under 
aerobic atmosphere (Rebollido et al., 2008). After 
incubation, the number of colonies were counted 
with a colony counter and recorded as cfu/g of 
compost. 

Enumeration of fungi

One ml of homogenate was aseptically transferred 
onto saboured dextrose agar (Oxoid, England) in 
triplicates and plates were incubated at 25°C for 
3 days. After incubation isolated colonies of fungi 
were counted by colony counter and recorded as cfu/
g of compost (Rebollido et al., 2008).

Enumeration of actinomycetes

Half ml from each dilution was transferred and spread 
on half-strengthen tryptic soy agar (Oxoid, England) 
and incubated at 55°C for 120 h. After incubation 
isolated colonies of actinomycetes were counted 
with a colony counter (Rebollido et al., 2008).

Physico-chemical analysis of compost

The temperature of the compost piles was monitored 
every three days during the process using thermometer. 
The average reading was recorded. The ambient 
temperatures were also measured and recorded at 
the same time according to Ryckeboer et al. (2003). 
Electrical conductivity and pH of compost was 
measured with a multimeter (Trantmann, 1992). 

Samples of each composting heap were taken to 
the laboratory for moisture content determination. 
Each sample is weighed using digital balance.  The 
samples were then oven-dried at a temperature of 
1100C for 24 hours and reweighed. The amount 
of moisture was calculated from the difference in 
the weight of the compost before and after drying 
(Trautmann, 1992). Nitrogen content was determined 
by the Kjeldahl method. The carbon-nitrogen ratio 
was calculated using the results obtained from 
carbon and nitrogen contents. The carbon content 
of compost was determined by titration method as 
described in Sahilemedhin and Bekele (2000). 

Plant-growth parameters of kale 
Kale a green leafy vegetable is largely produced 
and consumed by Bahir Dar town population and 
therefore chosen for this study. Nine beds each with 
the dimension of 4 m2 were prepared for the cultivation 
of the kale. Compost was uniformly spread on each 
of the first three beds, 10 g of fertilizer (NPK) was 
uniformly spread on each of the other three beds and 
the other three were used as controls. The average 
fresh biomass of a kale was determined by randomly 
selecting five plants from each bed, weighing them 
on a digital balance. The average dry biomass was 
also determined by drying five samples of kale 
from each plot in an oven at 105°C for 24 h. Plant 
height, leaf diameter, leaf length measured were 
measured and leaf number was counted following 
the procedures indicate in Baffour-Asare (2009) and  
Tregurth et al. (2010).

Data analysis

Data was analyzed with SPSS version 16. The 
microbial counts of compost were transformed to log 
values. Spearman’s correlation was used to check 
if there is correlation between microbiological and 
physicochemical parameters. Significant differences 
between mean values of growth parameters of kale 
were determined following one-way ANOVA using 
Duncan’s Multiple Range test (p < 0.05). 
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RESULTS AND DISCUSSION

The aerobic mesophilic bacterial counts in the 
initial phase of composting was 1.2 Х 106 cfu/g  
and decreased to 1.3 Х 104 cfu/g in the last phase 
of composting. The number of fungal count was 
high at the beginning of composting process (6.05 
Х 106 cfu/g) and decreased at the end of composting 
period to 1.05 Х 104 cfu/g. On the other hand, the 
number of actinomycetes recorded was 5.2 x 106 
cfu/g and 7.4 x 106 cfu/g in the initial phase and 
the last phase of compost, respectively (Figure 1). 
The decrease in microbial count may be due to the 
depletion of nutrients in the waste, accumulation of 
toxic products and unfavorable growth environment 
(Kowalchuk et al., 1999).

During initial phase of the composting process, the 
temperature of the compost was near to ambient 
temperature and the pH was slightly acidic (Figure 
2). The temperature of all compost regularly dropped 
off gradually towards during the maturation as 
reported by Rashad et al. (2010). The gradual fall in 
temperature and bacterial and fungal counts towards 
the end of process indicate the depletion of nutrients 
and the process approaching stability, hence less 
heat was generated in the compost (Kutsanedzie et 
al., 2012)

Mesophilic fungi and bacteria are the dominant 
active degraders of fresh organic waste materials. 
Food waste containing vegetable residues often 
have a low initial pH (5-5.6), which stimulates 
the proliferation of fungi (Ryckeboer et al., 2003). 
Actinomycetes are commonly identified as one the 
main groups of actinomycetes responsible for organic 
matter conversion during latter stages of composting. 
Actinomycetes compete with others organisms for 
nutrients and can inhibit microbial growth due to the 
production of antibiotics, lytic enzymes or even by 
parasitism (Rebollido et al., 2008). 

Actinomycetes play an important role in the 
degradation of natural polymers process and colonize 
organic materials after bacteria and fungi have 
consumed easily degrade fractions in the maturation 
phase. Their enzymes enable them to degrade tough 
debris such as: woody stems, bark or newspaper 
(Chopra 2004). The interaction between various 
functional roles of microorganisms depends on the 
availability and abundance of nutrient resources and 
their acquisition (Insam et al., 2002). 

Moisture content during composting process 
decreased gradually throughout composting process 
from 58.6% to 47.2%. The changes of temperature 
in the compost and ambient temperature over the 90 
days indicated that the temperature reached to its 
highest temperature 56°C after six days. After four 
weeks it started to decline and become stable until 
the 90th day (Figure 2). The decrease in moisture 
content throughout the composting period was 
related to changes in temperature. This could be as 
a result of moisture loss through evaporation at high 
temperature (Finstein et al., 1986). In composting 
process, heat is built up in the heap which is enough to 
vaporize moisture from the heaps and as temperature 
increases, more heat is lost. This could be due to 
water being utilized by the living organisms present 
in the compost. A study carried out by Richard et al. 
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Figure 1. The aerobic mesophilic bacteria, fungal and 
actinomycete counts of compost over three months.
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(2002) indicated that, water provides a medium for 
the transportation of dissolved nutrients required for 
metabolic and physiological activities of organisms 
in the compost.

The extent of organic matter decomposition at 
any particular time is related to the temperature at 
which composting takes place and the chemical 
composition of the organic substrate undergoing 
composting (Levi-Minzi et al., 1990). The compost 
heaps reached their highest temperatures within 
the first two weeks of composting and maintained 
temperatures above 45 °C for almost four weeks 
this result is similar to Baffour-Asare (2009). High 
temperature is attained due to the presence of readily 
degradable carbon compounds, most of which initially 
decompose rapidly. Thereafter, decomposition rate 
slows down because of the greater resistance of the 
remaining carbon compounds (lignin and cellulose) 
to decomposers. Generally, the higher the lignin and 
polyphenolic content of organic materials, the lower 
their decomposition rate (Palm and Sanchez, 1991). 
The differences in the temperatures recorded imply 
the succession of different microbial communities 
in all the systems as reported in Miller (1993) and 
hence different rate of decomposition as indicated 
by Sundberg (2005). 

Electrical conductivity of the compost increased from 
0.57 ds/m in the initial stage to 1.5 ds/m at the final 
stage of composting process and the variation of pH 
among different aged compost samples showed that 
during the early stage of decomposition the pH was 
below 5.0 and then it continued to increase to 7.6 in 
the 3rd month (Figure 3). The pH begins to rise due 
to the release of ammonia marking the beginning of 
proteolytic process (De Nobili and Petrussi, 1988). 
The pH value of compost is considered as an indicator 
of process of decomposition and stabilization. The 
change of pH value during composting is quite 
predictable (Miller, 1993). The pH value settles to 
7.5~8.0 as the compost stabilizes. But pH value is 
not an absolute reliable indicator of maturity and 
stability (Chefez et al., 1998). 

Figure 2. The patterns of change in moisture content and 
temperature 

Figure 3. Changes in pH and electrical conductivity 
during composting process.

The organic carbon decreased from initial month to 
the end of the process. Like organic matter content 
the youngest compost (one month old) showed the 
maximum organic carbon content (35.6%) and the 
oldest compost (three month old) was quite low 
in organic carbon (16.6%). Baffour-Asare (2009) 
reported a similar pattern of reduction in organic 
carbon. The total N content of one month old 
compost was 1.87% which continued to decrease to 
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Organic matter is decomposed and transformed to 
stable humic compounds (Amir et al., 2004). The 
losses of organic matter is usually substantial during 
the biooxidative stage, when the temperature and 
the microbial activity are high, simply because that 
the organic matter provides the major energy to 
microbial metabolisms. This could be because most 

of the easy biodegradable substances have been 
depleted by microorganism during the first stage of 
the composting stage, when composting process is 
stable and mature; the activities of microorganisms 
decrease as the result of lack of energy.  The 
reduction of nitrogen content could     be due to the 
utilization of inorganic nitrogen by bacteria in the 
composting process and the conversion of nitrogen 
into bacterial proteins. Again, nitrogen loss could 
be attributed to organic nitrogen being mineralized 
by microbial activity during decomposition. The 
mineralization rate is reduced in the process, as a 
result of the rapid conversion of the more labile 
organic nitrogen, leaving the most resistant organic 
nitrogen in the organic nitrogen pool which takes 
a lot of time to mineralized (Iglesias-Jimenez and 
Alvarez, 1993). In addition, nitrogen could be lost 
through volatilization of gaseous ammonia during 
mixing and processing of the compost heaps. For 
example, nitrogen losses ranging from 9 to 68% 
have been reported during the composting of cattle 
manure (Eghball et al., 1997). 

The results of correlation analysis among 
microbiological and physicochemical and level of 
risk parameters are shown in table 1. There was 
statistically significant positive correlation between 
bacterial and fungal counts and organic matter 
content, C:N ratio (R >0.815,  p< 0.01), actinomycetes 
count and pH and electrical conductivity (R >0.9.03,  

1.7% during the second month and it also declined 
to 1.55% during the third month old compost as a 
result of microbial activity as reported by Baffour-
Asare (2009). The carbon to nitrogen ratio decreased 
from initial month to the end of the process (Figure 
4). It was reduced from 19.7 to 10.7. This indicates 
that increase in temperature is of crucial importance 
for efficient mineralization, which in turn results in 
reduced carbon-nitrogen ratio.    

Figure 4. The variation of organic matter, carbon content 
and  total nitrogen contents  of compost. 

Physical parameters
Microbial groups

Bacteria Fungi Actinomycets
Compost temperature 0.200 0.505 -0.654
Moisture content 0.595 0.682 -0.468
Organic Matter 0.815 0.888 -0.884
Organic Carbon 0.854 0.908 -0.892
Total Nitrogen 0.623 0.790 -0.871
Carbon to nitrogen ratio 0.806 0.866 -0.858
pH -0.795 -0.923  0.903
Electrical Conductivity -0.798 -0.929 0.939

Table 1. Correlation coefficients (R2) between microbial counts and different physical parameters of compost
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p< 0.01). Electrical conductivity and pH are the 
parameter that influenced growth of bacteria and 
fungi and the organic matter content, C:N ration 
were the parameters that influenced the growth 
of actinomycetes. The results of this study are 
in agreement with the finding of Robellio et al. 
(2008). 

Growth parameters  of kale plants

The matured compost had a positive effect on plant 
height, leaf length, leaf number, and leaf diameter 
of Kale (Table 2). Similar results were obtained by 
Bernal et al. (1998) where the addition of organic 
materials improved soil texture and quality and 
increased water holding capacity and infiltration; 
increased workability and reduced erosion (Carter 
and Stewart, 1996). In this study the extension 
of composting period has an important role on 
mineralization of compost mixed with soil as a 

longer period could supply more nitrogen resulting 
in a positive effect on the growth and development 
of plants. Tregurth et al. (2010) showed that higher 
concentration of soil organic matter in the compost 
treatments contributed to the improved water-
holding capacity of the soil and improving the soil’s 
ability to hold water has important implications for 
high-yielding crops like kale. 

This study showed that plots receiving compost 
held up to 9% more water than the control. There 
was statistically significant difference in the growth 
parameters of kale plants grown with compost 
compared to those with grown in chemically 
fertilized soil (p=0.01)     (Table 2). Priyadarshani 
et al. (2013) showed that treatment with compost 
had had significant effect on the shoot and root dry 
weights, number of leaves and number of tillers.

Table 2. Plant growth parameters of kale plants treated with compost and chemical fertilizer

Treatments 
Parameters plant-1

 Plant height (cm) Leaf length (cm) Leaf diameter 
(cm)

Leaf number

Compost 36.91±2,83a 23.15±2.65a 18.05±1.23a 8.8±1.2a
Chemical fertilizer 29.09±1.61a 16.78±1.45b 13.16±1.07b 6.4±0.7b

Control 18.87±1.63b 11.82±c 7.48±0.76c 4.3±0.9c
F values 46.2 140.4 249.9 52.4

Each value is the mean of 10 replicates. Mean values followed by different letters are significantly 
different within a row or column at p ≤ 0.05 according to Duncan Multiple Range test (DMRT)

Treatments Fresh biomass* (g) Dry biomass*  (g) 
Compost 120.44±0.87a 10.52±0.97a
Chemical fertilizer 99.17±1.10b 8.04±0.68b
Control 58.15±1.33c 5.45±0.33c
F values 8020.1 127.9

Table 3. Plant growth parameters of kale plants treated with compost and chemical fertilizer

Each value is the mean of 10 replicates. Mean values followed     by different letters are significantly dif-
ferent within a row or column at p ≤ 0.01 according to Duncan Multiple Range test (DMRT). *Biomass 
of the whole plant. 
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CONCLUSION
The aerobic mesophilic bacteria and fungi decreased 
while actinomycetes count increased at the last stage 
of composting. Electrical conductivity and pH are 
the parameters that influenced growth of bacteria and 
fungi negatively while the organic matter content, 
C: N ration were the parameters that influenced the 
growth of actinomycetes. Addition of compost gave 
a better growth of kale compared to that of inorganic 
fertilizers. This study was conducted on only one 
type of composting process that is municipal solid 
waste composting, so further work on different 
composting types would reveal new insights to find 
out the best compost to improve both soil quality 
and plant growth.  
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ABSTRACT
The primary goal of total productive maintenance (TPM) program is to change the culture of the industry 
maintenance policy by participation of all employees toward the maintenance system of the company. It aims to 
reduce unplanned stoppage, breakdowns accidents and losses obstructing equipment effectiveness. In most of 
Ethiopian industries maintenance is considered as evil activity. This paper is aimed at implementation of TPM 
in Ethiopian textile industry (KK Textile Industry PLC, Addis Ababa) is presented. This study has exploited 
various research methodologies by exploring their contribution toward the best triumph of the anticipated 
results. Relevant primary and secondary information was congregated to induce superior maintenance system 
for the industry. The relevant secondary data was collected from the technical manual, monthly and annual 
report of the industry. Information was also gathered using questionnaire and interview in structured way 
besides direct observation on site visit to enable the investigator to keep tracking the responses. The collected 
data mainly aims at assessing the existing maintenance system and the future business plan of the industry. Data 
analysis in the research has been conducted using appropriate tools in order to identify core problems in the 
specified company. Based on the analysis for various maintenance activities of the industry, some work flow 
and systems are developed and proposed. Finally, TPM system is developed along with its implementation and 
master plan for the case industry.
 Keywords: Total productive maintenance, OEE, textile industry.

market and technology driven opportunities. To meet 
these needs, one of the new techniques in maintenance 
area that is developed in Japan to support total quality 
control and just-in-time is TPM. Even though, many 
management personnel consider maintenance as 
expense and evil activity, presently, there is a gradual 
shift in thinking as companies began to identify the 
role of maintenance and it is also well accepted that 
maintenance is one of the main potential area to use 
as a competitive advantage. Currently, the concept 
of TPM in Ethiopian manufacturing industries is the 
critical missing concepts in successfully achieving 
not only world class equipment performance, but 
also it is a powerful new means in improving overall 
industry performance.
Ethiopian textile industries are becoming incompetent 
in national as well as international markets. The reason 

INTRODUCTION

 New approaches in modern service and manufacturing 
industries have been rummaged around, developed 
and implemented so as to survive in the dynamic and 
fierce competitive system that are becoming even 
more complex. The need for driving down costs, 
integrating every activities and available resources 
of a company, empowering the employee to make 
decision, eliminating waste generated by failure 
across the value adding process, shortening of 
production lead time and delivery of quality assured 
services and products have been given due attention. 
As they are the necessity to secure a sound future 
within an ever changing market and to be open to all 
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for this may be the poor maintenance management 
system of the industries does not allow the industries 
to become more competitive. Maintenance is one of 
the areas to be given due consideration in modern 
management to increase machine productivity and 
to produce quality products as well. The modern 
business world is exploiting better mechanisms to 
be competitive, so the last thing the industries need 
is better maintenance management system, if they 
are to provide better product to get in their own way 
to develop suitable system for the success of their 
business.

Generally the study will focus on assessing the 
existing maintenance system of the KK Textile 
Industry PLC to investigate potential area of 
improvement so as to develop and implement the 
TPM to the best achievement of the objective.

KK Textile Industry PLC is one of modern textile 
industries in Ethiopia and the machineries are 
computerized except the one which bought from 
Akaki textile industries. The industry is capable 
of producing different items through new and 
computerized machineries but what is distressing is 
that the industry has been operating under its planned 
capacity due to high rate of unplanned failure. 
Generally, the maintenance system of the industry 
is based on poor integration of all functions and 
processes in the organization, which results in high 
maintenance cost, less availability and reliability of 
equipments, high total maintenance hour and man 
hour, frequent failure of machineries, low profit, low 
production, and low workers dissatisfactions.

As the country is having high demand of textile 
products, enhancing the performance of the industry 
through implementing well developed and organized 
maintenance system will not only help the industry 
to have efficient way of maintaining its different 
machineries but also it contributes its experience 
for the similar industries toward providing high 

quality product. The objectives of the research are 
to critically examine and investigate the problems 
of the existing maintenance system of the industry, 
to study the maintenance system of the industry, 
to identifying the causes of the existing problems 
and propose developed maintenance system and 
implementation model for the industry.

Scope and Limitation of the Study
The study conducted in the KK Textile Industry 
PLC is based on the available data, questionnaire, 
interview and visit. The available data is taken only 
for fiscal year of 2006-2007 due to poor recording and 
reporting system prevailing in the industry. Further 
more, the author couldn’t find a single industry, 
which has experienced in the implementation of 
TPM in the country to share the experience for TPM 
development program for the industry. Hence, the 
authors persuaded to rely on the literature review.

Significance of the Study
The study will have significant contributions to 
the industry to have well established maintenance 
system that facilitates it to provide better services 
to its customer. Further more; the study can be used 
with small adaptation in similar Ethiopian textile 
industries. The study is also valuable for further and 
better research.

LITERATURE REVIEW
The goal of TPM focuses on improving corporate 
culture through improvement of human resources 
and plant equipment. The Japan institute of plant 
maintenance (JIPM) has put forward the five goals 
of TPM which are the minimum requirements for the 
TPM development (JIPM): (i) Improving equipment 
effectiveness. (ii) Improving maintenance efficiency 
and effectiveness. (iii) Early equipment management 
and maintenance prevention. (iv) Training to improve 
the skills of all people involved. (v) Involving 
operators in routine maintenance.
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Benefits of TPM
Johansson and Nord (1999) depicted the following 
benefits derived from the implementation of TPM:
• Delivering the right quantity at the right time, in 
the right quality.

• Productivity is improved through fewer losses in 
the company.

• Quality is also improved as a result, that the 
failures and malfunctions are reduced and the 
order and method are focused.

• The cost are lower, because the losses, and other 
not value generating work are reduced.

• The delivery time can be kept better, because the 
production without disturbances is easier to plan. 

• Environment and security are better, because 
leakages are tightened.

• Motivation is higher, because the responsibility 
and rights are delegated and the investment in the 
personnel is done, in the form of education.

• Plant productivity can be improved and overall 
plant efficiency can be enhanced by 1.5 to 2 times 
from the existing.

• Lower operating costs.
•  Improved equipment life span. 
• Better ability to satisfy customer’s needs by 
100%.

Further more, better understanding of the 
performance of their equipment can be achieved by 
operator through better training which lead to have 
better equipment performance. 
Benefits of TPM for operators and maintenance 
personnel: (i) Increased skills through additional 
training, (ii) Better job satisfaction: Operators-
More involvement in solving annoying equipment 
problems and Maintenance-More challenging work. 
(iii) Better job security.

Pillars of Total Productive Maintenance
The JIPM proposed a series eight pillars of TPM in 
a systematic way to optimize plant and equipment 
efficiency by crating perfect relationship between 
man and equipment. 

The 5S
The 5S (Table 1) practice is a preparatory phase 
of TPM which is a technique used to establish and 
maintain quality environment in an organization. 
5S improves safety, work efficiency, improves 
productivity and establishes a sense of ownership. 
The 5S is developed in Japan for work place 
organization and house keeping and represents 
for Japanese words: seiri, seiton, seiso, seiketsu 
and shitsuke which connote organization, tidiness, 
cleaning, standardization and discipline respectively 
(www.weibull.com, www.plantmaintenance.com).

Once fully implemented, the 5S process can increase 
morale, create positive impressions on customers, 
and increase efficiency and organization (Melesse 
Workneh and Singh, 2012; Johansson and Nord, 
1999).

Once fully implemented, the 5S process can increase 
morale, create positive impressions on customers, 
and increase efficiency and organization (Melesse 
Workneh Wakjira and Singh, 2012; Johansson and 
Nord, 1999).

Japanese/ 
English 5S/ 
English 5C

Features

Seiri/
Sort/
Clear

Sort out unnecessary items 
form the workplace and 
discard them

Seiton/
Set in order/
Configure

Arrange necessary items in 
good order so that they can be 
easily picked up for use

Seisio/
Shine/
Clean and check

Clean the workplace 
completely to make it free 
from dust, dirt and clutter

Seiketsu/
Standardize/
Conformity

Maintain high standard of 
house keeping and workplace 
organization

Shitsuke/
Sustain/
Custom and practice

Train and motivate people to 
follow good housekeeping 
disciplines autonomously

Table 1. 5S nomenclature.
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Autonomous Maintenance (Jishu Hozen)
Autonomous maintenance is a unique feature of 
TPM that aimed at developing machine operators 
to become responsible for maintaining of their 
equipment, taking care of routine maintenance tasks, 
and elimination of production defects at source. 
These require the operator to be able to sense and 
find abnormality of the equipment (Robinson and 
Ginder, 1995). To acquire the above mentioned 
ability, operator should have the following basic 
abilities: Ability to tell normality from abnormality 
precisely; Accustomed to strictly keeping the rules 
of condition control; Ability to take quick and proper 
actions against the abnormality.

Kobetsu Kaizen
Kaizen is a aimed at incorporating a number of small 
continuous improvements to achieve and sustain zero 
losses with respect to minor stops, measurement and 
adjustments, defects and unavoidable downtimes. 
The key aspect of Kaizen is that it is an ongoing, 
never ending improvement process through 
eliminating losses using all techniques for Kaizen 
and by changing the operation process to make the 
job more productive, less tiring, more efficient or 
safer for the employee (Melesse Workneh Wakjira 
and Singh, 2012).

Kobetsu Kaizen ten step development are: Step 
1-Select model equipment/line/process, Step 2-
Organize project team, Step 3-Grasp present losses, 
Step 4-Kaizen theme and goal setting, Step 5-
Mapping out Kaizen plan, Step 6-Mapping out and 
evaluation of analysis and countermeasures, Step 7-
Implementation of Kaizen, Step 8-Confirm effects, 
Step 9-Taking measures to prevent recurrence and 
Step 10-Horizontal replicate.

Planned Maintenance
The planned maintenance aims to increase mean 
time between failures, reduce mean time to repair, 
and reduce maintenance cost. There are two basic 

activities carried out in planned maintenance system 
to have trouble free machines and equipments 
producing defect free products for total customer 
satisfaction: Maintenance activities, and Kaizen 
activities. 

Planned maintenance has eight activities conducted 
by maintenance department (Robinson and Ginder, 
1995) viz., support and guidance to autonomous 
maintenance, zero failure activities, planned 
maintenance structure, lubrication management, spare 
parts management, maintenance cost management, 
predictive maintenance and diagnostic method, and 
enhancement of maintenance technology and skill.

Standardization of maintenance activities:
Maintenance activities ought to be standardized for 
several reasons.
• The diverse maintenance activities.
• Maintenance techniques and skills take a long 
time to master.

• Maintenance work is generally less efficient 
than production work because it is essentially 
non repetitive and requires length preparation and 
large margins for error.

Quality Maintenance
The purpose of quality maintenance is to produce 
defect free products to maintain the product quality 
through eliminating non conformance so as to satisfy 
the demand of the customer. The JIPM define quality 
maintenance as activities that are to set equipment 
conditions that preclude quality defects, based on 
the basic concept of maintaining perfect equipment 
to maintain perfect quality of products (JIPM). 

Training
One of the obvious reasons for training is that the 
employee can’t do something that the job requires to 
be done. There is some skill they have yet to perfect 
or acquire, or some knowledge they are lacking that 
keeps them from doing a completely satisfactory job. 
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This reasons enough to make training a necessity. 
Training is an integral part of TPM. Training the 
operators and the maintenance workers helps to 
achieve zero breakdowns as many breakdowns are a 
result of lack of skill (Johansson and Nord, 1999). 

Office TPM
This pillar involves other functions of the 
organization to focus on improving productivity, 
bringing better efficiency in administrative function 
and eliminating losses. The aim of office TPM is to 
make the production system efficient through the 
entire organizational activity. Office TPM addresses 
twelve major losses. They are - Processing loss; 
Cost loss including in areas such as procurement, 
accounts, marketing, sales leading to high inventories; 
Communication loss; Idle loss; Setup loss; Accuracy 
loss; Office equipment breakdown; Communication 
channel breakdown, telephone and fax lines; Time 
spent on retrieval of information; Non availability 
of correct on line stock status; Customer complaints 
due to logistics; Expenses on emergency dispatches/
purchases.

2.2.8 Safety, Health and Environment
The basic principle of safety, health and environment 
is to minimize the number of accidents, health 
problems and damage to the environment. This pillar 
plays a great role in the other pillars that addresses 
workplace organization and discipline, regular 
inspections and servicing, and standardization of 
work procedures.

Case Study: KK Textile Industry 
Short History of the Industry

KK Textile Industry PLC was established over 
twenty years ago, a pioneer in the private sector of 
textile industry of Ethiopia.
Current business activities and lines of operation:
Trading and Distribution: Import and distribution of 
yarns, blankets, tires, food items, electrodes, pipes 
and industrial raw materials; and export of textile 

products especially cotton blankets, and agricultural 
products.
Manufacturing: Dyed, acrylic yarn, and blankets of 
different quality, size, design, and color.

Maintenance System of the Industry
Maintenance system of the blanket factory
The maintenance system of the industry is according 
to the skill of the maintenance personnel. The 
maintenance department of the industry has no 
manual. The researcher’s tried to find the problem 
that the industry does not have the manuals, the 
answer found was the equipment vendor’s didn’t 
give enough material. The maintenance personnel 
just changes the items which failed by the operation 
after the failure occurs. There is no analysis done to 
find the causes and the effect of the failure. 

Some of the maintenance plan of the industry 
contains cleaning and making minor inspection on 
the machineries. The plans are not based on the 
maintenance manuals due to unavailability. The 
maintenance system the company uses is almost 85% 
breakdown type and very small percentage about 
15% lubrication and change of oils. The maintenance 
system of the company doesn’t allow the operators 
to change any items before it break.

Figure 1. The causes of idle time distribution.
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to the machines are out of operation the company 
is loosing its profit. The idle time records show that 
86 percent of the idle time is due to the shortage of 
spare parts and the other minor causes are shown 
in the Figure 1. Table 2 shows the production of 
the new and old blanket factories during the last 
six months. Table 3 shows the production and the 
waste products from June to November, 2007. Table 
4 shows the defect types recorded from June to 
November, 2007.
 
Overall equipment effectiveness
Overall equipment efficiency (OEE) is a tool that 
combines multiple manufacturing issues and data 
points to provide information about the process. It is 
an all inclusive benchmarking tool that serves to gauge 
the various subcomponents of the manufacturing 
process (i.e., availability, performance and quality)-
and used to measure actual improvements on 5S, 
lean manufacturing, TPM, Kaizen and six sigma. 
When using OEE with these management systems 
the benefits become tangible and noteworthy (www.
plantmaintenance.com).
After all factors are taken into account, the OEE 
result is converted (transmuted) in percentage. The 
results (in %), therefore, can be regarded as a preview 
of the existing production efficiency of a particular 
line, cell or machine.

Having the right metrics, OEE provides a window 
to analyze out of the ordinary issues and gives you 
an established framework for improving the whole 
manufacturing process.
OEE = Actual output÷Theoretical maximum 
output
or, OEE = Availability ratio×Performance ratio×

Quality ratio
Availability ratio-the share of the actual production 
time and the planned production time.
Availability = [Operation time (Scheduled time 
available–Downtime)÷Scheduled time available]×

100%

Table 2. Sample of monthly production of blanket 
(June to November, 2007).

Months Production (Pieces)
June 20967
July 27817
August 24954
September 28550
October 29217
November 28848

Table 3. Production and the waste products (June to 
November, 2007).

Months Production
(Kg)

Waste
(Kg)

Percent

June 91928.8 13227 14.38
July 78372.6 12615 16.09
August 80286.8 11918.4 14.84
September 68958.1 8601 12.47
October 82927.8 11171.7 13.47
November 63251.6 8202 12.47

In current situation around 9 machines failed and 
stopped operation out of 15 machines. All machines 
stopped by the problem of spare parts and this shows 
that the maintenance system of the company doesn’t 
follow the correct maintenance procedure and due 

Table 4. Defect types recorded (June to November, 
2007).

Salvage Loom 
pantor

Raising Cutting 
waste

Total 
(Kg)

June
4154 383.5 7303.5 1386 13227
July
4235.5 538.5 6587.5 1253.5 12615

August
4039 518.5 5936.5 1424.4 11918.4
September
3371 639.5 3461.5 1129 8601
October
3913.1 743.3 5399.5 1115.8 11171.7
November
3081.9 684.6 3496.5 939 8202
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Performance ratio-Loss of production due to 
underutilization of the machinery. In other words, 
losses are incurred when the equipment is not run 
with full speed. Short, unregistered, stops may affect 
the performance ratio as well.

Performance ratio=Processed amount× Ideal cycle 
time÷Operation time
Quality ratio- The amount of the production that has 
to be discharged or scrapped.
Quality ratio=Amount good÷Total amount 
produced

It is a significant performance indicator in TPM 
which enables one to know how much the equipment 
is utilized to the fullest. A high level of equipment 
effectiveness can be achieved only when all three 
rates are high.

As it has been delineated previously, the method 
distinguishes the six big loss types, and three 
key performance measurements: availability, 
performance rate and quality rate that combines 
into one consolidated metric. To find the overall 
equipment efficiency of the textile industry, 
identifying the six major losses of the machines 
was the first stride by organizing under three key 
factors. And then data pertinent to those losses was 

collected for randomly selected machineries. The 
major losses that are identified and the OEE of the 
selected machineries presented as follows.
• Equipment failure loss: In the industry the highest 
loss that hinders the efficiency of the machineries 
is equipment failure loss. 

• Setup and adjustment loss: This loss occurs 
mainly at the shift and rest time of the operators. 
Frequently, it is observed that the machineries 
are not operational at this time to prepare for the 
ensuing operation. 

• Startup loss: In the industry at the beginning of 
the machine there is small time loss to warm up 
the machine.

• Minor stoppage and idling loss:  The minor 
stoppage loss is the one in which minor trouble 
causes the machine to refrain from operation. 
When breakage occurs during operation on 
weaving machine and transpalet machine, 
unplanned stoppage for cleaning and lubrication 
is one of the minor stoppage and idling loss occur 
on the factory.

• Speed loss: The weaving machines maximum 
designed speed is 450rpm but the machines are 
running with the speed of 280rpm. 

• Defect and rework loss: The defects in the 
blanket factory are not re worked but discarded as 

Table 5. Sample data of wearing machines available in the department.

Total number
weaving 
machines

Number of machines 
in operation/day

Planned  
production 

(m)

Maximum 
production

Availability
(%)

15 6 1515 557 40
15 6 1515 575 40
15 6 1515 530 46
15 6 1515 554 46
15 6 1515 607 40
15 6 1515 418 40
15 6 1515 648 40
15 6 1515 637 40
15 6 1515 482 40
15 6 1515 275 40
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waste but in the acrylic yarn factory most defects 
are sold by lower price. In general the defects are 
likely to be considered as waste which should be 
disposed of. 

Calculating overall equipment effectiveness:
Some of the data pertinent to the above loss are 
difficult to obtain, since the industry doesn’t apply 
the OEE concepts in evaluating the performance 
of the machines at the individual level. It has been 
attempted to gather some relevant data to estimate 
the OEE of the typical machinery.

Availability: 
The availability is the ratio of time needed for 
operating the equipment to the time actually 
consumed for operation and it is expressed as:

Availability= Actual running time÷Scheduled 
running time  (1)

From the observations and few recorded data 
to calculate the availability of the machine, the 
researcher has treated the weaving machines as a 
whole as one machine and considered the available 
machines in that departments. Therefore accordingly 
the available machines on the days are collected and 
recorded in the Table 5.

Table 6. Performance of the weaving machine.

Average 
rpm

Average 
picks/cm

Average 
time 

(minutes)

Average 
weft 

breakage

Average 
warp 

breakage

Calculate 
production 

(m)

Average 
actual 

production

Average 
actual 

effect (%)

280 8.1 30 4.4 2 10.37 8.2 79

280 8.1 30 4.8 2.2 10.37 8.2 79

280 8.1 30 4.5 2 10.5 8.75 83

Unplanned stoppage means the period during which 
the line is stopped due to equipment failure, setup, 
adjustment, and change over and so forth. To find 
the availability of the machines, equipment failure 
loss of ten days is collected and shown in Table 5.
Performance rate:
It is expressed as:
Performance rate=Speed operating rate×Net 
operating rate    (2)

To find the performance rate for the machines, 
the collected data (Table 6) indicates that the 
scheduled speed of the machineries is 280rpm. The 
quality section performed calculations to find the 
performance of the machines. Table 6 shows the 
performance of weaving machine. 

According to the records the average performance 
rate of the pantor loom (weaving machine) is 80%.

Quality is fitness to use or exceeding customer 
satisfaction and so on. In the case industry the quality 
parameters are defined in two factories that is blanket 
and acrylic yarn factory. The quality problems in 
the blanket factory arise from different reasons. But 
recorded data shows that the main reason for poor 
quality product is negligence of operators.
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Quality rate=Output-Waste ÷ Total output (3)
From the Table 6 the quality rate of the machine is 
85%. Therefore, the OEE of the weaving machine is 
obtained by multiplying the above three factors and 
the result is 0.85×0.8 ×0.4=0.272
   
The calculated OEE of the machines shows that 
the poor OEE attributes to poor availability of the 
machines. The company can easily identify the 
causes of the loss which inhibit the overall equipment 
efficiency using this method.

3.2.3 Maintenance area of acrylic yarn factory
Acrylic yarn factory is one part of company and 
its main products are different color yarns. During 
the research period the researcher found that most 
of the machineries in the factory are working and 
there was no recorded data available to assess the 
past data. The data 
available to assess the production and quality of the 
factory are shown in Tables 7-9. The sample data 
of the yarn production and the average waste taken 
from the monthly report of five months is as shown 
in the Table 9.

3.3 Problem Areas in KK Textile Industry PLC
3.3.1 Allotting the maintenance activities to the 
operator in both acrylic yarn and blanket factories
In industry all maintenance activities are only 
done by maintenance division which encompasses 
maintenance foreman. Deterioration prevention 
based on fixed interval of time and restoration of the 
equipment are the basic activities of the maintenance 
division of the industry. The purpose is to achieve 
industry goals through the implementation of 
operator initiated daily maintenance consisting of 
cleaning, adjustment, and regular inspections, as 
well as improvement activities. And the maintenance 
division also needs to participate only in inspection 
and restoration of equipment which requires high 
skill and specialization.

The proposed activities that the operators and the 
maintenance division should do are revealed as 
follows.

• The operator’s of blanket and acrylic yarn 
factories duty should be:

(i) Restoration of minor deterioration of the 
machineries: (a) Restoration of some mechanical 
part failure. (b) Restoration of oil, mechanical drive 
and electrical system deterioration.
(ii) Establishing basic conditions for all the machines 
in the department: (a) Cleaning for weaving, warping, 
raising, and other machines they operate. (ii) 

Table 7. Yearly production plan of 2005/06.

Type of
product

Production
plan (Kg)

Actual
production(Kg)

100gm yarn 1381200 480602.4
250gm yarn 3222800 2745921

250gm millage 0 12900.25

Table 8. Yearly production plan of 2006/07.

Type of
product

Production 
plan (Kg)

Actual
production

(Kg)

Actual/
Planned

(%)
100gm yarn 706500 144700 20

250gm yarn 1468500 1591329 108

250gm 
millage

0 4900 -

Table 9. Sample data of type and amount of defects 
in three years.

2004/05 2005/06 2006/07 Total
Defect type:
Bar mark:
569.64 413.2 376.05 1358.89
Died cut:
689.56 470.16 335.96 1495.68
Shrinkage:
325.85 248.8 67.05 641.7
1585.05 1132.16 779.06
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Retightening of loose parts on the above mentioned 
machineries.
(iii) Keep operating condition for Obem dyeing 
machine, weaving boilers and other machines: (a) 
Operating properly. (b) Proper loading based on the 
capacity of the machines.
(iv) Accomplishing minor inspection for the 
equipments and machines: (a) Appearance inspection 
for the machines listed above. (b) Noise, vibration 
etc. tracking while operating by understanding 
irregularities for internal deterioration by the five 
senses. (c) Reporting the condition of the equipment 
immediately for further investigation if it is 
required.

• The maintenance personnel’s of the two 
factories duty should be: 

(i) Execution of time based maintenance for all the 
machines in the industry: (a) Prepare annual, monthly 
and weekly maintenance plan for the weaving, 
raising, and other machineries in the industry. (b) 
Perform the above plans accordingly.
(ii) Standardization of following points: (a) 
Standardization of replacement for every machinery 
in the industry. (b) Standardization of maintenance 
activities and methods for every machinery in the 
industry. (c) Standardization of inspection methods 
for all machines.
(iii) Providing training to the operators in both 
acrylic and blanket factories.
(iv) Diagnosing failure mode and effect analysis 
when failure occurs in any machine within the 
industry.
(v) Prevent recurrence of failure that has occurred in 
routine operation.
(vi) Discover potential failures (fatigue, faults and 
equipment weaknesses) of priority equipment.
3.3.2 Standardization of maintenance activities
In the industry it is observed that, most of maintenance 
activities are executed without the base of standards. 
The following area is proposed for the industry to be 
standardized to have consistent maintenance system 
(Appendix 1).

Executing training to develop the maintenance skill 
of the maintenance personnel and operators on 
industry
It is proposed that, the industry need to focus on 
providing continuous training to all of its operators 
to increase the life and availability of the equipment. 
The following points picked out from the study that 
some of the skills that operators of the company 
need to acquire are:

• Ability to detect causal abnormalities.
• Ability to perform minor inspection and 
restoration and more.

The training provided to the maintenance men 
focuses on developing them as a teacher and leaders 
in the maintenance field. They should act in close 
cooperation with operators. Some of the skills that 
the maintenance men of both factories should have 
include:

• Ability to prepare and train operators in both 
factories.
• Ability to promptly discover causes when ever 
a failure occurs for machineries.
• Ability to make the repairs and checking of 
equipment before handing it over.
• Ability to trace the causes of failure.

Figure 2. Simplified maintenance system model.

Proposed area of computerization for the industry
Areas that many textile industries are now turning 
their attention are toward developing and using 
computer programs geared toward control of 
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the maintenance organization. In light of this, it 
is proposed that the industry need to force itself 
toward exploitation of the benefits from these eras 
technology to survive through cost effective solution 
to most of its problems.

Improving the maintenance workflow
No functions that are proposed in the above will 
be effective unless a workflow is developed for 
planning and scheduling maintenance work. Once 
established, this workflow must be followed 
consistently if significant results are to be expected. 
The maintenance workflow model proposed for the 
industry shown in Figure 2 is developed by taking 
the maintenance activities as a system that has an 
input and out put. Since maintenance system is a 
complex system, irrespective of its function and 
size. Internally, it is composed of interrelated and 
interdependent parts. Externally to the maintenance 
system, there are components that impact on 
and/or are impacted by the organization. All are 
interconnected and affect other systems to varying 
degrees. Distinguish between activities moving 
into the system and those moving out of the system 
were the first step in modeling the work flow. This 
way of looking at the maintenance system enables 
to incorporate all constituent parts that will assist in 
planning and coordinating recourses and activities. 

Further more, feedback the results of the out put in 
to the maintenance system is also considered as a 
vital element for future development of the system. 
The input and out put that are considered for the 
maintenance activities of the industry are shown in 
Figure 2. 

The main activities in maintenance system are 
planning, scheduling and execution of all practical 
maintenance work requests within their required 
completion dates. This work will include all 
breakdown and preventive maintenance tasks and 
corrective work. Planning consists of planning the 

actual work activities and the resource needs, such as 
tools, materials and work skills for the maintenance 
task. Where as scheduling is the assignment of 
numerous planned jobs into a defined period of time 
to optimize the use of the resources. Execution of 
the maintenance task consists of such activities as 
installation, inspection, modification, restoration 
and repair of the equipments.

As it has been delineated in the previous sections, 
the maintenance activities of the industry are not 
well equipped with training and work standards. 
The proposed model incorporates training, 
autonomous maintenance, improvement concepts 
and standardization of the maintenance activities that 
makes the model far better than the existing system. 
In model the operators in both factories involve in 
minor inspections, more over training is provided 
for them to have know how of their equipment. 
The maintenance men are also trained to reduce 
the repair mistakes and to prepare them to teach 
and lead the operators with better knowledge. This 
simple proposed model is sustainable if and only if 
a industry implements the TPM system since the 
central core of the TPM system is to integrate every 
activities of a industry with maintenance department 
as well as involving the operators in maintenance 
activities. 

Overall TPM Development Program for the 
Industry
The implementation of TPM in the industry is intended 
to be carried out devising the implementation steps 
systematically by breaking down each activities of 
the appropriate pillars of TPM and leveling them 
according to their priority. It is supposed that full 
implementation of TPM program of the industry will 
take minimum 42 months. And also, the three years 
of the program is partitioned into six implementation 
levels which they will have six months of equal 
interval. In each level, the required implementation 
steps for each activity of the selected pillars of TPM 
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executed according to their precedence. The target 
is set for each level and the results are measured 
against it. If the implementation of that level is 
successfully succeeded, the immediate level will be 
started to be implemented. But, if it fails, a thorough 
investigation carried out to discover the causes of 
the failure so as to use for the upcoming practice 
and the process of the achievement keeps on until it 
becomes satisfactory. The proposed execution model 
of the implementation process is shown in Appendix 
A. Before the launching of the implementation 
model there is preparatory step. In this step the 
commitments of top management and necessary 
budget will be allocated. An overview of TPM and 
committee will be formed for each TPM pillars. It 
takes six months to perform such activity. 
TPM implementation plan
This section endowed with developed steps that are 
required to implement TPM system in KK Textile 
Industry PLC. However, the scope of this developed 
implementation plan is that it is not exhaustive 
which entail iterative process and multidisciplinary 
team for effective implementation plan.

Introductory step (step zero)
The introductory step of TPM implementation plan 
used to make commitment of top management, and to 
allocate the necessary budget for the implementation. 
In this step the TPM committee is established and 
any introductory lesson should be given step by step. 
Finally the introductory step should be evaluated 
according to the questions prepared to asses it. 

1. Announce top management of textile industry 
decision to introduce TPM:

• Did top management of textile industry make 
an announcement to implement TPM?
• Is the announcement made in the board of 
directors of industry meetings?
• Is the announcement made in meeting of textile 
industry general manager, finance manager, 
administration manager, commercial manager 

production and technique manager of the 
industry?
• Have the TPM lectures for corporate managers 
such as productions managers, quality control and 
marketing managers been planned?
• Is publicity given to the top management 
decision to implement TPM through industry 
bulletin?
• Is presentation made for the purpose and 
prospective effects of TPM to president in a case 
where TPM introduction has decided by industry 
business department?
• Is owner of the industry an advocator for 
TPM?

Is it decided to spend money and time for achieving 
improvement of equipment and human psychological 
constitution through TPM in the industry?
Has declaration of introduction been ever made by 
operators of the machine?

2. Introductory education and campaign of TPM:
• Is the purpose of TPM implementation 
understood by all levels of the employees in the 
industry?
• Did top management such as textile manager 
and others participate in PM excellent plant award 
winners lecture?
• Did top management of the industry participate 
in TPM lectures for the management?
• Did top management participate in TPM 
executives’ course?
• Did managers of different departments in the 
industry participate in TPM manager’s course?
• Did supervisors and operators participate in 
TPM training courses for the production field 
leaders?
• Did team leaders participate in TPM training 
courses for the production field leaders of the 
industry?
• Have the employees been educated using TPM 
video and slides?
• Is the education disseminated by production 
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field leaders to the ordinary employees?
• Is campaigning of TPM done using posters, 
slogans etc in the industry?
• Is sufficient budget secured from industry top 
management for introductory education?
• Did the top management of the industry take 
initiative in receiving the education?
• Did the top management arrange the education 
at each level of hierarchy in the industry?
• Did the top management of the industry evaluate 
the progress of education?

3. Establishing TPM promoting organization and 
pilot organizations model: 

• Has the TPM committee been organized to 
promote TPM throughout the textile industry?
• Does TPM promoting committee have a 
promotion office and full time personnel?
• Are subcommittees organized by theme to be 
tackled and “Kobetsu-Kaizen” project teams for 
the followings: (i) Public relations for the whole 
industry? (ii) Education and training for the 
operators in the industry? (iii) “Kebetsu-Kaizen”? 
(iv) “Jishu Hozen”? (v) Planned maintenance? 
(vi) Safety hygienic and environmental factors?
• Are chiefs and managers of different departments 
in the industry are TPM committee members?
• Is TPM promotion organization and its 
personnel allocation done by top management of 
the industry?
• Do the following committees of the industry 
held meetings once in a month: (i) TPM promotion 
committee in the industry? (ii) Section promotion 
committee in the industry? (iii) Subcommittee 
of the “Kobetsu Kaizen”? (iv) Subcommittee of 
“Jishu Hozen”? (v) Subcommittee of “planned 
maintenance”? (vi) Subcommittee of “initial 
production and flow control”? (vii) Subcommittee 
of “Hinshitsu Hozen”? (viii) Subcommittee of 
“office improvement”? (vii) Subcommittee of 
“education and training”? (ix) Subcommittee of 
“safety and environmental factors”?

Setting basic policies and target for TPM (Establish 
basic TPM policies and goals):

• Is the TPM integration into the basic business 
policy of the industry or corporate mid/long term 
business plan clarified?
• Is the ideal condition clarified by each working 
level of the industry?
• Has the time needed for reaching PM excellent 
award been predicted for the industry?
• Are the TPM targets decided for the followings 
in the industry: (i) Failure reduction percentage? 
(ii) Overall equipment efficiency?
• Is the PM award screening level compared with 
the benchmark to predict the achievement and 
estimate cost to effect for the industry?
• Have the basic business policy or mid/long term 
business plan, cost management of the industry 
with TPM activities and targets of the industry 
been adjusted?
• Is the TPM basic policy confirmed and applied 
satisfactorily in the lower level of the industry?

5. TPM master plan:
• Is the promotion organization in the industry 
established?
• Do adequate numbers of over lapping small 
groups in hierarchical system and promotion 
secretariat exist in the organization?
• Have the policy, targets and achievement goals 
been set?
• Are the following activities being exercised 
in the industry: (i) TPM news? (ii) Contest 
using activities status board? (iii) Provision for 
presentation of activities? (iv) Organization of 
Kaizen teams? (v) Selection of Kaizen theme? 
(vi) Establishment of planned maintenance 
system? (vii) Management of lubricant and spare 
parts? (viii) Establishing the initial production 
and flow control? (ix) Standardization of process 
methods? (x) 3M (man, machine, material) 
analysis? (xi) FME and PM analysis? (xii) 
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Simplification of accounting related procedures? 
(xiii) Kaizen of production management system? 
(xiv) Development of warehouse and storage 
management? (xv) Safety inspection manual? 
(xvi) Daily safety management activities? (xvii) 
Establishing education system? (xviii) Individual 
ability development? (xix) Maintenance skill 
training? (xx) Support for “Jishu Hozen” 
activities?

TPM kickoff:
• Is the announcement of TPM introduction made 
to all employees in the industry?
• Is it confirmed if every employee in the industry 
agrees with the top management policy of TPM?
• Is any event to commemorate the occasion 
planned when all the employees in the industry 
agree with the decision of the top management 
to completely eliminate 16 major losses of the 
industry?
• Is the right environment created in the 
industry where every employee of the industry 
agrees with the top management policy of TPM 
implementation?
• Is the morale of all employees in the industry 
heightens to an extent where they can challenge 
the ultimate end aggressively?
• Are the presentations made on these topics: (i) 

TPM basic policy to be applied in the industry? 
(ii) TPM target for the industry? (iii) TPM 
development master plan of the industry? (iv) 
Repetition of decision making by top management 
of the industry? (v) Declaration of challenging 
PM excellent award by the representative of the 
employees of the industry?
• Has the top management of the industry attended 
the kickoff meeting to reconfirm the declaration 
of TPM introduction?
• Are encouragement speeches by guests from 
similar textile and other industries organized?
• Are the customers of the industry, affiliated 
companies and cooperative companies invited to 
the event?
• Has the introductory TPM education been 
finished before kickoff day?
• Has the necessary arrangements made in 
advance concerning the events which will be held 
on the kickoff day?
• Has the round tour of production floor been 
made to ask the forefront operators whether 
end purpose of TPM introduction been fully 
understood?

Step 1: Declaration by board of directors and general 
manager to introduce TPM in the industry.
The commitment of the top management of the 
industry is indispensable for rapid promotion of 
TPM. In this step the following activities should 
be conducted: (i) Meeting conducted by the board 
of director of the industry to announce that the 
implementation of TPM is decided. (ii) To prepare a 
schedule for training the managers of the industry.

Step 2: Introductory education and campaign of 
TPM.
After the declarations is made the introductory 
education to the managers and to all employees of the 
industry conducted according to the plan scheduled 
by the top managers. Initially, the introductory 
education is presented to each head divisions of the 

Table 10. Introductory education conducted to the 
section head.
Sections Heads No. of Person
Administration head 1
Finance manager 1
Production and technique 
manager

1

Productivity improvement and 
quality head

1

Marketing and sales head 1
Maintenance and technical 
department head

3

Blanket production head 1
Store head 1
Spare parts store head 1
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industry that are on the hierarchy (Table 10). Next, 
the training will be presented by the section heads, 
which are already trained, to each of the second 
level of managers under their section. The training 
conducted down the level in the similar manner. 

Finally, a maximum of a three day seminar need to be 
opened to the entire employee and should teach the 
employee the future direction of the industry. This 
campaign targets to help the sections head to create 
some understanding about the TPM and to support 
them not to have difficulty while implementing 
TPM. And also, the seminar helps the employee to 
have some insight about the purpose of TPM.

Step 3: Establishing TPM promotional 
organization.
For the successful implementation of TPM in textile 
industry, creating small group from top management 
to the first line worker or operators of the machines is 
formed for the industry. Leaders of individual groups 
are members of a small group at the next higher level 
of the organization to link the different groups and 
enhance vertical and horizontal communication. In 
addition to the small group function, the following 
team should also be created.
TPM planning team: This team is responsible for 
planning and prioritizing each activities of the TPM 
implementation in the industry.
TPM implementation team: This team is responsible 
for developing and executing each activities of 
the TPM program in the industry which is already 
planned.

Step 4: Setting basic policy and targets for TPM in 
the industry.
Each department in the industry set the policy and 
the target for their department for 3 to 5 years a 
head taking the policy and targets of the industry as 
their input as well as based on the condition of the 
department.
Step 5: Selecting model equipments for kaizen 

activity.
This is selecting model equipments with the highest 
priority. The prioritization is based on equipment 
safety, reliability, quality, etc. The more the 
equipment safety, reliability and quality is less, the 
more it is prioritize. These equipments selected from 
each type of model and function by small group 
which is formed.

Step 6: Follow up the result.
The last part of the introduction step is announcing 
the implementation of TPM in the industry in a 
ceremony in which all employees of the industry 
participate. In this ceremony supportive company, 
supplier and affiliated company are invited to create 
consciousness in their mind that better intimacy 
is needed based on quality. During the ceremony, 
proclaiming the major TPM activities that are 
executed in the coming three years presented along 
with its master plan. This stage is a transformation 
stage where the total implementation of TPM 
executed and conducted if providing the introductory 
TPM education to all employees is completed.

Level-1: TPM Implementation
The following activities of the selected pillars of 
TPM are carried out in this level.
•  Autonomous maintenance activity: (i) Provide 
basic training to operators of the industry about 
safety, and equipment structure and functions of 
machines such as weaving, raising, stitching beam 
winder and so on. (ii) Make cleaning plan for 
each parts of the above mentioned machines. (iii) 
Removing unnecessary articles around the above 
machineries of the industry. (iv) The initial clean up 
include fiber dust, oil, etc. and has to be removed 
and minor defects of the machineries should be 
detected by touching for example the belt and other 
components of weaving machine.
• Planned maintenance activity: (i) Executing 
operation of the selected model equipment from each 
department. One weaving machine, raising, O beam 
and so on. This step includes: (a) Running of the 
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selected machine. (b) Developing the early discovery 
of interior situation and rapid report remedy system of 
the machine. (ii) Executing breakdown maintenance 
system: (a) Performing to restore the unplanned 
failure of the selected machine. (b) Identifying 
frequently observed unplanned breakdown of the 
machine. (c) Identify equipment where frequent 
breakdown occur and carried out like gripper head 
and belt, (d) Determine and track the frequency of 
the unplanned failure.
• Training: (i) Setting policy and priority measures 
to train the operators in the industry. The industry 
should set the basic training policy and measuring 
matrices suiting it and put the aims of the training in 
terms of developing the maintenance men, operator 
and fostering personnel efficiency in office work. (ii) 
Establish training system for the maintenance men in 
all textile machineries. (iii) Establish training system 
for the operators of the machines such as weaving, 
raising, stitching etc. (iv) Establish training calendar 
for the operators of the machines in industry.
• Improvement activity: (i) Select model from 
both factories that produces many loses: weaving 
machine. (ii) Organize the project teams to 
investigate major losses. (iii) The manager of the 
technique and production department is the leader, 
i.e. department manager for department model and 
the section manager for section model. (iv) Group 
and confirm the present losses. Find sufficient data 
also. (v) Setting improvement theme and goal. (vi) 
Set up Kaizen theme based on results of present 
status survey. (vii) Set challenging goals and periods 
by zero loss concepts. (viii) Assign staff for each 
loss.
• TPM office: Providing awareness about office 
TPM to all support departments such as quality 
control, and marketing departments of the industry.
• Safety, health and environment: (i) Constitute 
a committee from section heads such as weaving 
section, raising, stitching and others and workers 
headed by technical manger. (ii) As part of the initial 
cleaning, detect and correct any problems that might 

affect safety or the environment. In case of acrylic 
yarn factory the waste water treatment is installed 
for minimizing environmental safety.
Level-2: TPM Implementation
• Autonomous maintenance activity: In this step 
hard to access area should be improved and causes 
of forced deterioration should be eliminated from 
the machineries of the industry. Taking action at 
the source of problems observed in level one of 
autonomous maintenance. This action includes 
avoiding of recurrence of the accumulation of fiber 
dusts on the equipments by solving the problem 
at the foundation and eliminating the causes. In 
this second level of the autonomous maintenance 
implementation, temporary procedures or manual 
for cleaning, lubrication, retightening and checkups 
developed. 
• Planned maintenance activity: In this level 
of the planned maintenance implementation, the 
above level will be continued to be executed for the 
additionally selected weaving machines in this level. 
And also the following activities accomplished for 
the success of the implementation.
(i) Executing preventive maintenance system: 
(a) Identifying equipment where preventive 
maintenance is to be carried out viz., rapier, belt, 
lateral cutter, positive cutters, gears etc.(b) Develop 
check list of preventive maintenance inspection for 
the above mentioned parts.(c) Determine preventive 
maintenance interval for the above equipments of the 
industry.(d) Developing daily maintenance system 
for the above mentioned equipments: (i) Cleaning, 
addressing latent defects and (ii) Daily inspection for 
deterioration. (e) Execute preventive maintenance
(ii) Executing condition based maintenance 
system for the machines in the textile industry: 
(a) Identifying equipment where condition based 
maintenance is to be carried out: Electrical system 
for timing of operation should be monitored. (b) 
Select the parameter to be measured for condition 
monitoring: Sound, temperature, visualizing the 
appearance of the belts gripper head and other 
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components. (c) Identify instruments required for 
condition based maintenance. (d) Execute condition 
based maintenance.
(iii) Introducing performance indicator for 
weaving machines in the industry: (a) Improvement 
in OEE. (b) Total maintenance cost. (c) Cost of 
breakdown, preventive and predictive maintenances 
in a percentage of the total maintenance cost.
• Training: After the first level of training 
implementation carried out, implement the following 
activities. (i) Implement the training system for the 
employees of the industry. (ii) Evaluate the activities 
of the training system. While implementing the 
training system, the following tasks should be done: 
(i) Training of instructors for maintenance skill. 
(ii) Operation skills upgrade training for operator. 
(a) Provide training for skill upgrade to correct 
operation, as required. (b) Provide training for skill 
upgrade needed for minor inspection and routine 
restoration. (iii) Provide maintenance skill training 
to leaders of small circles in the operating sector by 
instructors. (iv) Provide maintenance skill training 
to all maintenance men by instructors.
• Improvement activity: (i) Mapping out the 
improvement plan and evaluation of analysis. (ii) 
Plan the analysis and counter measuring system 
for the above identified losses. And also, prepare 
procedures for implementing. (iii) Implementation 
of improvement activity. (iv) To replicate the system 
implement PDCA cycle.
• TPM office: Initial clean up of every offices of 
the industry: (a) Removal of unnecessary articles. 
(b) Clean dirt, dust and strains in the work place. 
(c) Identify all documents in lockers and desks. (d) 
Classify documents in accordance with nature of 
work.
• Safety, health and environment: (i) Include 
key safety procedures in provisional cleaning and 
checking standards. (ii) Conduct safety training to 
the people. The aim of the training is to create hazard 
awareness.

Level-3: TPM Implementation
• Autonomous maintenance activity: (i) Tentative 
standards of cleaning will be set for the machines. 
For example three times a day for weaving machine. 
(ii) Mastering the inspection skill of the operators of 
all machines.
• Planned maintenance activity: The following 
actions are also employed for further improvement 
of the system. (i) Keeping and using maintenance 
records for the selected weaving, raising and other 
machine: (a) Identify the type of maintenance required. 
(b) Develop the form of maintenance records. (c) 
Identify the contacts of the maintenance report. (d) 
Ensure all the required information included in the 
record. (e) Make sure the maintenance report well 
kept. (f) Make sure the recorded information used or 
input the various maintenance activity for continuous 
improvement. (ii) Executing operation: Standardizing 
the operation method. (iii) Executing breakdown 
maintenance: (a) Seek a solution for minimizing 
the above identified unplanned breakdown and 
implement the system. (b) Prepare procedures and 
manuals for breakdown maintenance execution. (c) 
Carry out replacement method and adopt a system. 
(iv) Executing preventive maintenance system for 
weaving machines: (a) Measure performance of PM 
program. (b) Standardize equipment PM execution 
method. (v) Executing condition based maintenance 
system: (a) Set the fixed time condition monitoring 
system. (b) Set the criteria for unscheduled check. 
(vi) Executing preventive maintenance system: (a) 
Evaluate the performance of PM. (b) Improve the 
PM system. (c) Implement PDCA activity cycle.
• Training: Understand the right method of cleaning, 
lubrication and inspection of the machineries in 
textile industry.
• Improvement activity: Improve the losses and 
set conditions of operation.
• TPM office: (i) Fault finding work in the offices: 
(a) Survey the condition of work to expose the faults. 
(b) Remove the faults. (ii) Improve the problems 
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observed in the above step: Aimed at reducing or 
eliminating office work flow stagnation.
• Safety, health and environment: Working more 
on building trouble free equipment and creating safe 
and pleasant work place.

Level-4: TPM Implementation
The process of executing the TPM implementation 
for the whole equipment is performed as per the 
above implementation steps. Additionally, the 
following activities are included in this level.
• Autonomous maintenance activity: General 
inspection: to understand the structures functions 
and principles of equipment in textile industry and 
learn their optimal conditions: (i) Train the operators 
of the machines in the industry how to carry out 
the inspection. (ii) Find and restore slight defects 
through general inspection like the breakage of belts 
in weaving machine. (iii) Evaluate inspection skills 
provided in the previous levels and provide training 
in deficiency areas. (iv) Advance the inspection 
system.
• Planned maintenance activity: (i) Executing 
condition based maintenance system: (a) Train 
maintenance personal on use of condition monitoring 
instruments. (b) Measure the performance of the 
condition based maintenance system. (ii) Automate 
maintenance system: (a) To identify the areas that 
need computerization, conduct a study. (b) Critically 
review prevailing systems and procedures.
• Improvement activity: (i) Horizontally replicate 
the technique for other weaving machines. (ii) Do 
analytical and improvement techniques for the rest 
of the machines
• Training: (i) Train the operators of the weaving, 
and other machines for the causes of abnormal 
conditions. (ii) Train the operators to replace parts. 
(iii) Train the operators about the quality products.
• Safety and environmental activities: Address 
safety in the following areas: Heat, Equipment 
load, Vibration and excessive load, Problem during 
operation.
• Quality maintenance: (i) Revise standard of 

products. (ii) Identify waste.
Step-5: TPM Implementation

• Autonomous maintenance: (i) Autonomous 
inspection: To maintain the machineries of the industry 
deterioration and restoration condition implemented 
in levels 1-4. (a) Review cleanup, lubrication and 
general inspection criteria for the machines in 
the industry. (b) Preparation and implementation 
of autonomous inspection checks sheets for the 
machineries in the industry. (c) Review equipment 
and human factors; clarity abnormal conditions. 
(d) Maintain optimal equipment conditions once 
restoration is restored through general inspection. 
(ii) Work place organization: (a) Organize the 
surrounding of machinery. (b) Reducing material 
searching time by organizing material around the 
equipment and workplace. (c) Identification of 
very important parts and produce to be accessible 
every where. (iii) Standardize the work place of the 
industry.
• Planned maintenance: (i) Automate the operation 
system: (a) Identify the activities of the next 
operation. (b) Identify types of reports required. 
(c) Improve the previous activities of CM. (ii) 
Automate maintenance system: (a) Simplify the 
work procedure based on the above study conducted 
in level four of the TPM implementation process. (b) 
Critically study hardware and software. (c) Measure 
performance of the software and hardware. (d) Train 
the maintenance personnel on use of the system. (e) 
Implement the system.
• Improvement activity: Give the following points 
due consideration: (a) Preliminary hazard analysis. 

Figure 3. Monthly production of blanket.
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(b) Fault hazard analysis. (c) Mean time between 
failures. (d) Fault tree analysis. (e) Failure mode and 
effect analysis.
• Quality maintenance: (i) Waste elimination 
should be practiced. (ii) Analyze the activities that 
will contribute to the final product.
• Safety and environmental activities: (i) Identify 
different pollutants. (ii) Identify areas of pollution. 
(iii) Give hazard awareness training.
• Office TPM: (i) Check stores of files and 
documents. (ii) Clean the storage areas and set 

standard time table for cleaning.
• Training: (i) Make the operators practice to 
estimate failure causes. (ii) Make the operators to 
assist in overhauling.

Level-6: TPM Implementation
• Autonomous maintenance: (i) Standardization: 
ensuring maintenance and management of these 
activities (level 1-5) and at expanding the operator 
roles to work related to the equipment and areas 
around it. (a) Standard work criteria. (b) Data record 
standards. (c) Spare parts management. (ii) All out 
autonomous maintenance management.

Figure 6. Comparative analysis of the types of 
defects in blanket.

Figure 8. Annual production plan and actual production 
of acrylic yarn factory in 2006/2007 year.

Figure 5. Percentage waste of the six months.

Figure 7. Annual production plan and actual produc-
tion of acrylic yarn factory in 2005/2006 year.Figure 4. Production and waste report of the six 

months.

Figure 9. Type and amount of defects in three years.
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• Planned maintenance: Automate the operation 
system: (a) Based on the above study, initially review 
the type of hardware and software available in the 
market. (b) Measure the performance of the system. 
(c) Train the maintenance men and the operator in 
the use of the system. (d) Implement the system.
• Improvement activity: (i) Clarify the phenomenon 
of the weaving machine selected. (ii) Practice 
industrial engineering techniques.
• Quality maintenance: (i) Remove unnecessary 
motions in the industry shop floor. (ii) Remove 
the process which don’t add value to the product. 
(iii) Apply just in time manufacturing process to 
minimize inventory cost.
• Office TPM: (i) Clear the emergency passages 
and set standard to check them. (ii) Allocate articles 
in correct place.
• Safety and environmental factors: (i) Give 
one point lesson to employees of the industry. (ii) 
Encourage the participation in the activities.
• Training: (i) Upgrade maintenance and operation 
skill. (ii) Increase the technological power of 
diagnosing equipment.

Data Analysis

Data analysis of blanket factory
The required data are not available especially to 
asses the maintenance effectiveness of the industry, 
but few related data are collected to asses the over 
all performance and problem areas of the industry. 
As it can be analyzed from the Table 2 which shows 
the monthly production of blanket the production 
of the factory is about to decrease as indicated in 
the Figure 3. This is caused by different problems 
of the company. One of the problems assessed is 
the unplanned stoppages of the machineries caused 
by the shortage of spare parts. When we think 
of production we have to think the health of the 
machineries first. Otherwise the unplanned stoppage 
is expecting situation.

The other situation analyzed from the data collected 
is the amount of waste (Figure 4). In this case it is 
difficult to analyze the amount of waste in Kg with 
the previous month waste, because it is proportional 
to the amount of product. Therefore the researcher’s 
realized the percentage of waste.

Figure 5 reveals that the wastage is not in increasing 
rate. This is not to show that the company should be 
satisfied by the result but still it has to perform much 
to decrease the amount of waste scientifically.

Data collected and tabulated in Table 4 shows that 
there are four types of defects in the process of 
blanket. Figure 6 shows comparative analysis of the 
types of defects in blanket.

Data analysis of acrylic yarn factory
Figures 7-8 shows annual production plan and actual 
production of acrylic yarn factory in 2005/2006 and 
2006/2007 years. Figure 9 shows type and amount 
of defects in three years.
• Defect: Bar mark, Cause: Improper loading, 
Over loading, Stick misallocation, Over loading the 
stick.
• Defect: Cutting, Cause: Improper detaching 
the package, Carelessness in unloading, Carelessness 
in loading.
• Defect: Shade variation, Cause: Raw material 
problem, Non uniform in quality, Mixed yarn, Low 
quality yarn, Poor supervisor, Color incompatibility, 
Operator negligence.
• Defect: Shrinkage, Cause: Improper Loading 
and Stick misallocation.

RESULTS AND DISCUSSION
Some of the problems observed during the study are 
listed as follows:
• The industry doesn’t have any maintenance 
record and during the study it was difficult to get data 
of each machine. In TPM concept the machineries 
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should have their own history and records. This aids 
the industry to perform the maintenance operation 
smoothly.
• The above problems lead the company even to 
spend more money for maintenance and also high 
down time. Unplanned stoppages are also high and 
many machines are stopped by the shortage of the 
spare parts.
• From the observations and interviews there is 
lack of good management system and the workers 
of the industry compare their payment with the other 
similar industries in that area. This causes the workers 
to become highly dissatisfied. The operators of the 
machine are not interested to handle the machines 
with care.
• The results found from the waste report of the 
acrylic yarn factory indicate that most of the defects 
are caused by the negligence of the workers and their 
carelessness.
• The maintenance personnel do not have 
theoretical background to investigate the problem 
and to remove it from the source.
• From the planned maintenance point of view 
the industry policy is not based on preventing the 
occurrence of failure. When the equipment breaks 
they fix it. Here the problem is not only changing 
the equipment or maintaining the equipment to its 
original working condition but also it may cause the 
other equipments to fail. 
• Concerning the autonomous maintenance 
much to be done to shift the maintenance concept 
from maintenance department to the production 
department. The equipment operators should be 
given training on basic inspection and cleaning 
methods of the equipment.
• As an industry policy training has no consideration 
for the employees. Without training and education 
we cannot increase the skill of the workers. 
• The result of observation shows the office 
arrangement is not inviting the managers to control 
the process and the filing system is not adequate for 
the controlling of the process.

• Concerning safety and environmental factors 
the industry has good attempt on environmental 
pollution by purifying the polluted water by different 
mechanisms. Even though the environmental safety 
is satisfactory the attempt should be done on the 
safety of the workers in the two factories. The 
chemical in the acrylic factory and the dusts in the 
blanket factories are causing series problem on the 
workers. But still the observer did not observe any 
worker who wears safety goggle or material.
• Kobetsu Kaizen (continuous improvement) 
concept has not been applied by the industry.
• During the study the researcher’s observed that 
no one is attempting toward the improvement in any 
aspect.
• As it was discussed earlier quality maintenance 
is not issue of the industry. To talk about the quality 
of maintenance work we have to talk first about the 
effective maintenance.
• Concerning shop safety, some safety equipments 
like fire fighting systems are installed in the factory 
but still training on how to operate and use is lacking 
in the industry.

CONCLUSION

The study aims initially at scrutinizing the 
maintenance system of the industry and categorically 
concluded that the high rate of unplanned failure 
reigns in the industry. This can be attributed to 
the condition of equipment, due to negligence 
of the operator and shortage of spare parts. The 
underprivileged preventive maintenance system 
of the industry is also contributed to this effect. 
The line of investigation winds up that the effect 
of not involving the operator in minor inspection 
and restoration of equipment escalates unexpected 
number of failures which challenges to maintain the 
proactive maintenance program.
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The study also supports that the industry is losing its 
expensive machines for the fact that it is using rebuilt 
and low quality spare parts for the maintenance 
activities with out inspecting their condition due to 
lack of work standards. Rarely, providing training 
to the operators, inspectors and mechanics also 
contributes to the deterioration of the equipment 
due to operator’ mistakes and improper repair. As a 
result, the line of investigation further experienced 
that the industry is experiencing loads of loss. It can 
be concluded that the industry may phase out unless 
some sustainable actions are implemented.

In order to alleviate the current situations of the 
maintenance system a typical model (Appendix B) 
has been proposed based on the above findings. The 
model emphasizes three concepts of the modern 
era which are inevitable to implement in any day to 
day activities, in addition to the four major duties 
of maintenance; inspection management, failure 
management, work management, and spare part 
management. The concepts rely on the continuous 
improvement, empowering the employee and 
standardizing every activity to minimize the time of 
execution. And the model can be applicable to the 
transport and manufacturing industries with some 
adaptation.

The study also develops the implementation of 
TPM system to preserve the results of the above 
model since the central core of the TPM system 
is to integrate every activities of a industry with 
maintenance department as well as involving the 
operators in maintenance activities. The proposed 
implementation process executed devising the 
implementation steps systematically by breaking 
down each activities of the pillars of TPM and 
leveling them according to their priority.

RECOMMENDATIONS
The following recommendations are forwarded for 
the industry and related Ethiopian industries that 
are executing maintenance work in their day to day 
activity.
• Maintenance activity shouldn’t be considered 
any more as a separate and isolated function that 
makes repairs which is evil activities and that leads 
to high expense. Rather, it should be considered 
as the main potential area to use as a competitive 
advantage. Otherwise, higher cost will be incurred 
after the equipments deteriorate which directly 
affects the competitiveness of an industry.
• The factories should involve achieving the 
industry goal through the implementation of operator 
initiated daily maintenance consisting of cleaning, 
adjustment, and regular inspections, as well as 
improvement activities and minor restoration of 
equipment. And the maintenance men should only 
participate in inspection and restoration of equipment 
which requires high skill and specialization.
• Empowering the operators and maintenance 
men through training should be given due attention 
and conducted in sustainable manner to maximize 
the efficiency of the equipment in eliminating the 
operators’ mistake and improper repair. Especially, 
the operator should be trained to pinpoint small signs 
of troubles when ever anything out of the ordinary 
occurs and to be able to operate in the proper way.
• The industries need to introduce Kaizen them 
the concept of continues improvement. In this 
concept the major losses are identified and the plan 
is accomplished to eliminate them at the source.
• The industries should implement the OEE as 
a performance indicator to track the efficiency of 
equipment in order to achieve higher target.
• It is foreseeable to standardize the diverse 
maintenance activities from routine maintenance 
and inspection to repair which cannot be performed 
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Appendix 1. Proposed area of standardization for the case industry.

effectively if individuals are left to carry out in any 
way they like. It is indispensable for the industry 
to have comprehensive maintenance standards 
and manuals which concentrate and unify the past 
experience and technology of the industry.
• Through implementing the TPM the whole 
industry can be integrated together to one target for 
higher competitiveness in the dynamic environment. 
Hence, the industries should benefit from the 
concept of TPM to bring the employee toward the 
objectives of the industry.
• Implementing TPM in the various levels would 
help the industry to completely change the culture 
of its employee.
• Executing the TPM implementation in Ethiopian 
industries should be given attention to be competitive 
in the global market.
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ABSTRACT
The study is on classification of Amharic news automatically using neural networks approach. Learning Vector 
Quantization (LVQ) algorithm is employed to classify new instance of Amharic news based on classifier 
developed using training dataset. Two weighting schemes, Term Frequency (TF) and Term Frequency by Inverse 
Document Frequency (TF*IDF), are used to weight the features or keywords in news documents. Based on the 
two weighting methods, news by features matrix is generated and fed to LVQ. Using the TF weighting method, 
94.81%, 61.61% and 70.08% accuracies are obtained at three, six and nine classes experiments respectively 
with an average of 75.5% accuracy. For similar experiments, the application of TF*IDF weighting method 
resulted in 69.63%, 78.22% and 68.03% accuracies with an average of 71.96% accuracy.  
  
Key words - Learning Vector Quantization (LVQ), Text news classification, Term Frequency (TF), Term 
Frequency by Inverse Document Frequency (TF*IDF)                                                                        

languages such as Arabic and Hebrew (Wapedia, 
2009). Amharic has its own writing system taken 
from Ge’ez alphabet. The Amharic writing system 
consists of a core of thirty three characters each of 
which occur in basic form and in six other forms 
called orders (Bender et al., 1976). Table 1 shows 
three core Amharic characters with their six orders.

A. Amharic Punctuation Marks

Identifying punctuation marks is vital to know 
word demarcation for natural language processing. 
According to Tewodros Hailemeskel (2003), the 
punctuation marks in Amharic are about ten though 
few of them used in computer writing system. ‘Hulet 
Neteb’ (‘:’)-word separator and ‘Arat Neteb’ (‘::’)-
sentence separator are the major punctuation marks. 
But, space is mostly used instead of Hulet Neteb (‘:’) 
specially in computer writing system. 

B. Amharic Number System

Amharic number system consists of twenty characters. 
They represent numbers one to ten, multiples of 
ten (twenty to ninety), hundred and thousand. The 

 INTRODUCTION

Text classification is a mapping of text documents 
to classes (Sebastiani, 2008). In this study, text 
documents are Amharic news items and classes are 
the categories each news item belongs.
The automated classification of texts has been 
flourishing in the last decade or so due to incredible 
increase in electronic documents on the Internet; this 
renewed the need for automated text classification 
(Klein, 2006).  When Amharic is considered, 
electronic documents are increasing that needs 
automatic classification. This paper describes how 
to organize massively available Amharic news 
items into meaningful way by undergoing automatic 
classification.

Amharic
Amharic is the working language of the Federal 
Government of Ethiopia. Twenty seven million people 
speak the Language. It is the second largest Semitic 
language next to Arabic. Amharic is written from 
left to right similar to English unlike other Semitic 

mailto:workukelem@gmail.com
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numbering system is not suitable for arithmetic 
computation because there is no representation for 
zero (0) symbol, no place value, no comma and no 
decimal point. Amharic numbering system is used in 
dates specially calendar; otherwise western numerals 
are used in most literature these days (Bender et al., 
1976).

C. Problem of Amharic Writing System

There are a number of problems associated with 
Amharic writing system which are challenging 
natural language processing of Amharic documents; 
which are dealt below.
Redundancy of some characters: sometimes more than 
one character is used for similar sound in Amharic 
(Ethiopia Tadesse, 2002; Zelalem Sintayehu, 2001). 
Though the various forms have their own meaning 
in Ge’ez, there is no clear cut rule that shows its 
purpose and use in Amharic according to Bender et 
al. (1976).Table 2 illustrates the different forms of 
Amharic characters with similar sound.

The problem of the same sound with various 
characters is not only observed with core characters, 
but also exhibited in the same order of characters. 
For example, ሀ and ሃ, ኀ and ኃ; አ and ኣ; 
etc 9tewodros, 2003). The use of various forms of 
characters for the same sound poses a problem in 
the process of feature preparation for the classifier 
learning since the same word is represented in 
different forms. For example, the word ‘ጸሀይ’ (‘sun’) 
can be represented in Amharic as ጸሀይ, ጸሐይ, 
ጸኀይ, ፀሀይ, ፀሐይ, ፀኀይ, etc.

Compound words: there is no standard way of 
writing Amharic compound words (Bender et 
al., 1976). Space or hyphen is used between two 
words in a compound word; sometimes the words 
are merged together. According to Tewodros 
Hailemeskel (2003), there is a meaning difference 
when compound words separated by space are 
treated separately. For example, the word ‘ሆደ-ሰፊ’ 
(‘tolerant’) formed from the words ‘ሆደ’ meaning 
‘stomach’ and ‘ሰፊ’ meaning ‘wide’. One can 
imagine how the meaning of the original word is 
diverted to different contexts. 

Spelling variation of the same word: the same word 
is written in various forms (Tewodros Hailemeskel, 
2003; Ethiopia, 2002; Zelalem, 2001). For example, 
the word ‘ሰምቶአል’ (‘he hears’) can be written in 
Amharic as ሰምቶአል, ሰምቷል, ሰምትዋል, etc. 
Spelling variation may happen also in the case of 
translating foreign word to Amharic. For instance, 
the word ‘ቴሌቪዥን’ (‘television’) can be written as 
ቴሌቭዢን, ቴሌቭዥን, ቴሌቪዥን, etc.

Abbreviation: no consistency is kept in abbreviating 
Amharic words (Ethiopia Tadesse, 2002) and 
Zelalem Sintahyeu, 2001). The word ‘ዓመተ 
ምህረት’, meaning ‘AD’, can be abbreviated as ዓም, 
ዓ.ም, ዓ.ም., ዓ/ም, etc.

All the aforementioned problems pose challenges 
since the same word is treated in different forms in 
the process of feature preparation for text classifier. 

Table 2. Amharic characters with different 
forms of the same sound

Character Other form/s of the 
character

ሀ (hä) ሐ and ኀ

ሠ (sä) ሰ

አ (ä) ዐ

ጸ (tsä) ፀ

1st 
Order

2nd  
Order

3rd 
Order

4th 
Order

5th 
Order

6th  
Order

7th 
Order

ሀ ሁ ሂ ሃ ሄ ህ ሆ

Hä Hu Hi Ha He H Ho

ለ ሉ ሊ ላ ሌ ል ሎ

Lä Lu Li La Le L Lo

መ ሙ ሚ ማ ሜ ም ሞ

Mä Mu Mi Ma Me m Mo

Table 1. Amharic characters example
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So, care is taken to solve such problems.
 Amharic is technologically under resourced 
language (Solomon Tefera and Menzel, 2007). 
Only three researches have been tried on the area of 
text classification till this research is done as to the 
researcher’s knowledge. Zelalem Sintayehu (2001), 
Surafel (2003) and Yohannes Afework (2007) have 
done research on Amharic text classification using 
Statistical method, K-Nearest Neighbor (KNN) 
and Naïve Bayes algorithms, and Support Vector 
Machine (SVM) and decision tree algorithms 
respectively. The major challenge in all the studies is 
the decrease in accuracy when the number of classes 
increases. All of these studies apply only TF*IDF 
weight method.

This research uses one of the neural networks learning 
algorithm called Learning Vector Quantization 
(LVQ) to study Amharic text news classification. It 
tries to answer the following questions:
Is neural network approach using LVQ learning 
method feasible for automatic Amharic text news 
classification?

Can we reduce the effect of increasing number 
of classes and news items on Amharic text news 
classification performance using LVQ learning 
method?

What is the effect of TF and TF*IDF weighting 
methods on Amharic text news classification 
performance?

Text classification using Learning Vector 
Quantization (LVQ)
LVQ is supervised version of Kohonon neural 
network (Martin-Valdivia et al., 2007).  LVQ 
network has two layers called competitive layer 
and linear layer (Demuth and Beale, 2004). The 
competitive layer learns to classify input vectors. 
The linear layer transforms the competitive layer’s 
classes into target classes defined by the user. The 

classes learned by the competitive layer are referred 
as subclasses and the classes of the linear layer are 
called target classes.

A text classifier based on a neural network approach 
is a network of units, where the input units represent 
terms or features of news, the output units represent 
the classes of interest (Sebastiani, 2008). Figure 
1 indicates the architecture of LVQ according to 

Figure 1.  Architecture of LVQ

Demuth and Beale (2004).
The construction of the classifier has been done 
using Learning Vector Quantization (LVQ) in a 
supervised manner. Hence, the algorithm demands 
training and test datasets which are pre-classified 
by the experts. LVQ algorithm uses training dataset 
for classifier construction; and test dataset for the 
evaluation of the classifier constructed. LVQ uses 
different parameters to experiment one of which 
is epoch, which is the learning step. In this study, 
different levels of epoch are experimented. Nine 
epoch levels are used for training: 100, 500, 1000, 
1500, 2000, 2500, 3000, 3500 and 4000.  100 is the 
default epoch for LVQ algorithm. epoch lower than 
100 are not selected based on preliminary trial. Thus, 
experiment is made from the default epoch level up 
to 4000 increasing at interval of 500 (except the 
first). Interval of 500 is selected to see the impact 
of higher epoch levels because if smaller interval is 
chosen it takes long time to reach to 4000.
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Architecture of automatic Amharic text news 
classification

Amharic news items are used as an input to the 
system. Then preprocessing tasks like normalization 
(changing varying Amharic characters with similar 
sound to one common form, changing punctuation 
marks to space), tokenization, stop word and number 
removal, stemming, weighting terms and dimension 
reduction are done. After all these preprocesses, 
datasets are prepared in a matrix form, from which 
training and test datasets are prepared and used as 
training and testing purpose respectively. From the 
training dataset, model (classifier) is constructed. 
The model is tested using the test dataset. The testing 
outcome is the assignment of classes for news items 
that are not encountered during training. Finally, 
evaluation is made based on the test result using 
accuracy. Figure 2 shows architecture of automatic 
Amharic text news classification.

Figure 2.  Architecture of automatic Amharic text news 
classification

Amharic dataset preprocessing
The tasks that are done for preprocessing of 
Amharic news includes tokenization, stop words 
and number removal, stemming, index term weight, 
dimension reduction and matrix generation. After 
the accomplishment of preprocesses, the classifier is 
constructed by Learning Vector Quantization (LVQ) 
learning method using MATLAB as a tool. Finally, 
the system is evaluated based on the results obtained 
using accuracy. The subsequent sections discuss the 
methods used for preprocessing the data to make it 
ready for classification task.

THE DATA SET

The data source for this study is news of Ethiopian 
News Agency (ENA). The news data are classified 
in accordance with 13 major classifications and 103 
sub classifications in the Agency. For the purpose of 
this study, nine classes are taken into consideration 
with a total of 1, 538 news items. The nine classes 
have been selected based on random sampling, which 
are Bank and insurance, Tourism development, 
Mines and energy, ICT, Art, Educational coverage, 
Weather forecast, Religious assemblies and reports, 
and Creativity work. The number of news items in 
each class and the total number of news items are 
shown in Table 3.

Table 3. Number of Amharic News dataset

Class 
No.

Class News No.

1 Bank and insurance 297
2 Tourism development 253
3 Mines and energy 251
4 ICT 167
5 Art 152
6 Educational coverage 138
7 Weather forecast 132
8 Religious assemblies and reports 103

9 Creativity work 45
Total 1, 538
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frequent word in the class ‘Tourism development’, 
which is crucial in discriminating the class. Hence, 
such words are not included in the stop list.

The purpose of identifying stop words is, to remove 
such words from the list of index terms. Index 
terms are features and believed to represent news or 
discriminate one news item from the others; whereas, 
stop words are not. Hence, using those words in the 
list of index terms is unimportant. That is why their 
exclusion from index term list is vital.

In most cases, numbers are less discriminating 
among documents (Baeza-Yates and Ribeiro-Neto, 
1999). In this study also, numbers are not considered 
as index terms. So, index terms list does not contain 
any number. 

C. Stemming 

Stemming is changing varying words, due to 
grammatical reasons, to the root form of the word 
(Frakes and Baeza-Yates, 2002). Stemming is one 
of the preprocessing made on Amharic text news 
for this study. Stemmer that can remove common 
Amharic prefixes and suffices is developed. Table 
4 shows an example of the prefixes and suffices 
removed and an example under each affix. 
The stemmer developed for this study is based on 
Nega and Willett (2002). In such case, rules are 

A. Tokenization

Tokenization is the process by which tokens are 
identified as candidates to be used as features (Baeza-
Yates and Ribeiro-Neto, 1999). Candidates in the 
sense that stop words and numbers are removed from 
tokens. And tokens which do not satisfy Document 
Frequency (DF) thresholding are not considered.

In this study, words are taken as tokens. All 
punctuation marks are converted to space and space 
is used as a word demarcation. Hence, if a sequence 
of characters is followed by space, that sequence is 
identified as a word. 

B. Stop Word and Number Removal 

Stop words are non content bearing words, which 
are less discriminating among documents since they 
appear in most of them features (Baeza-Yates and 
Ribeiro-Neto, 1999).

There are common stop words in Amharic which 
are used for grammatical purposes like ነዉ, ነበር, 
ሆኖም, እና, ነገርግን, etc, which are non informative 
to identify documents. In addition to the common 
stop words, there are also news specific stop words 
like ገለፁ, ዘግበዋል, አስታወቀ, etc; their use is for 
elaboration and common to all news in accordance 
with the reporters of ENA. Because of the 
unavailability of standard stop list done by previous 
researchers, the researcher of this study is obligated 
to develop stop list.

Since stop words are highly frequent words, total 
frequency of terms aided by manual inspection, is 
the method employed in the process of identification 
of stop words. Stop list is prepared after identifying 
stop words; the list that contains, words which have 
to be removed from tokens generated during the 
tokenization process. The need of manual inspection 
is, because of frequently occurring keywords. For 
example, the word ‘ቱሪዝም’ (‘tourism’) is the most 

Table 4. Example of affix removed during stemming

Type Affix Example

Word Translated to

Prefix 
 
 

ለ ለጂማ ጂማ

ስለ ስለጂማ ጂማ

በ በጂማ ጂማ

Suffix ም ጂማም ጂማ 

ና ጂማና ጂማ

ን ጂማን ጂማ
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applied to find the stem of Amharic words. The rules 
to remove prefix or suffix from a given word may 
not hold true always. For instance, removing ‘ዉ’ 
(‘wu’) from the word ‘ሰዉ’ (‘person’) would give ‘ሰ’ 
(‘se’), which is meaningless; and removing ‘በ’ (‘be’) 
from ‘በልግ’ (‘autumn’) gives ‘ልግ’ (‘lg’),which 
does not represent the original meaning. Hence, two 
exception lists are prepared for which affix removal 
rules do not applied;
List of words that prefix removal rule does not hold 
true and list of words from which suffix removal 
rule is not applied.

The stemmer developed takes words as an input 
and removes prefix of the word. After the prefix is 
removed, the word is again checked if it lasts with 
suffix in the suffix list, if so, the suffix is removed 
from the word. Table 5 shows an example.

TF is the number of occurrences of a term in a 
document. The weight of term k in document i, is 
given by:

                        ikFREQTF =                            (1)
In (1), FREQik is the number of occurrence of term 
k, in document i. TF is zero if the term does not 
appear in document i.
IDF is a measure of the general importance of the 
term. (2) depicts IDF of a term.

                         
kd

N

IDF 2log=                              (2)
In (2), N is the total number of documents in the 
collection, dk the number of documents in which 
term k occurs. TF*IDF is the combination of TF and 
IDF weighting methods. TF*IDF incorporates two 
intuitions: 

If an index term occurs more frequently in a document, 
the index term is more important for that document, 
the Term Frequency intuition. If more number of 
documents contain the index term, the index term 
is less discriminating between the documents, the 
Inverse Document Frequency intuition.

                 
kd

N

ikFREQIDFTF 2log** =              (3)
In (3), FREQik is the number of occurrence of term 
k in document i, N is the total number of documents 
in the collection, dk the number of documents in 
which term k occurs.

E. Dimension Reduction

The feature space comprises one new dimension for 
each unique term that occurs in the text documents, 
which can lead to tens of thousands of dimensions 
for even a small-sized text collection, so, there is 
a need to integrate dimension reduction phase in 
text classification (Skarmeta et al., 2000; Yi and 
Beheshti. 2008).).

After identifying the number of tokens generated 
during tokenization, stop words and numbers removal 

Table 5. Example of stemming

Example 1 Example 2 Example 3 Example 4

Input: ጂማ ጂማን የጂማ የጂማን

Prefix No No የ የ

Output1 ጂማ ጂማን ጂማ ጂማን

Suffix: No ን No ን

F i n a l 
output:

ጂማ ጂማ ጂማ ጂማ

D. Index Term Weight

All index terms are not equally important in 
representing and discriminating a document; it is 
thus, required to measure how important a term is 
with regard to representation and discrimination of a 
document ( Giorgino, 2008;  Liao et al., 2003). Term 
Frequency (TF) and Term Frequency by Inverse 
Document Frequency (TF*IDF) are the weighing 
schemes used in this study. TF, IDF and TF*IDF are 
explained below based on Baeza-Yates and Ribeiro-
Neto (1999) and (Manning et al., 2008).
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and stemming are applied to reduce the number of 
tokens to be used as features. But still the dimension 
has to be reduced so that the most important features 
of each class is identified. The need to reduce the 
dimension is: Irrelevant features are removed which 
may affect performance badly and for convenient 
computational complexity.

In this study, Document Frequency (DF) thresholding 
is used to reduce the dimension of features 
generated. DF is the number of documents that 
contain a certain feature (Krishnakumar, 2006). The 
system is supported by manual observation; whether 
stop words which are not eliminated during stop 
word removal are mixed and if there are important 
features which do not satisfy the threshold.After all 
the preprocessing done on the dataset, 80 features 
are identified to represent news.

Matrix
The input to the learning algorithm is a matrix 
generated with the value of term weights using TF 
and TF*IDF. Table 6 and Table 7 show an example 
of matrix generated for the nine classes experiment 
using TF and TF*IDF weight methods respectively; 
the rows and columns are reduced for viewing 
purpose. That means all 80 terms (features) and all 9 
classes are not shown in the Tables.

In Table 6 and Table 7, zero indicates that the feature 
does not occur in that class; otherwise, its weight 
value is used to show its importance. In both Tables, 
class 1 indicates “Bank and Insurance” as depicted 
in Table 3.

Amharic text news classification performance

Classifier is constructed using training dataset using 
66.67% of the total dataset. The remaining 33.33% 
of the total dataset is used to test the accuracy of 
the classifier. Fifty four experiments were carried 
out for the nine epoch levels in the three, six and 
nine news classes using both TF and TF*IDF weight 
methods excluding preprocessing experiments. 
The experiment was carried out by considering 
increasing number of classes. Three classes: ICT, 
Art and Educational coverage.
Six classes: ICT, Art, Educational coverage Weather 
forecast, Religious assemblies and reports, and 
Creativity work. Nine classes: Bank and insurance, 
Tourism development, Mines and energy, ICT, Art, 
Educational coverage, Weather forecast, Religious 
assemblies and reports, and Creativity work.
Table 8 and Table 9 show accuracy result of the 
classifier evaluated by the test dataset using TF and 
TF*IDF weight methods respectively.
The best accuracy obtained for the three, six and nine 
classes using the two weight methods are indicated 
in Table 10. 

Table 6. Matrix using TF weight method

ቱሪዝም
‘turizm’

0 0 0 0 0 0 0

ትምህርት
‘tmhrt’

0 0 0 0 0 0 0

 ባንክ
‘bank’

0 1 1 0 3 0 0

 ምንዛሪ
‘mnzari’

2 1 0 1 1 2 2

 ማእድን
‘maIdn’

0 0 0 0 0 0 0

Class 1 1 1 1 1 1 1

Table 7.  Matrix using TF*IDF weight method

ቱሪዝም
‘turizm’

0 0 0 0 0 0 0

 ትምህርት
‘tmhrt’

0 0 0 0 0 0 0

ባንክ
‘bank’

0 3.46 3.46 0 10.38 0 0

ምንዛሪ
‘mnzari’

6.64 3.32 0 3.32 3.32 6.64 6.64

ማእድን
‘maIdn’

0 0 0 0 0 0 0

Class 1 1 1 1 1 1 1
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DISCUSSION

For the three classes, TF weight method is better than 
TF*IDF weight method by 25.18%. But for the six 
classes experiment TF*IDF weight method is better 
than TF weight method by 16.61% than TF weight 
method. The result of nine classes experiment testifies 
that TF weight method scored better accuracy than 
TF*IDF weight method by 2.05%. The average of 
all the experiments indicates that TF weight method 
registered better accuracy by 3.54% than TF*IDF 
weight method.

The main performance difference between the two 
weighting schemes happens because of the range of 
values in the weighting schemes. In the datasets, TF 
weight value is between 0 and 5 and TF*IDF weight 
value is in the range of 0 and 45. This affects the 
classifier accuracy. Because, according to [22], it 
is recommended to have maximum value of 1 and 
minimum value of -1 for the input pattern of LVQ 
algorithm. This seems plausible for the greater 
accuracy result of TF weight method than TF*IDF 
weight method. 

As depicted in Table 8, using TF weight method 
the best accuracy is registered at three classes 
experiment. The least accuracy is recorded at the 
six classes experiment. The nine classes experiment, 
resulted accuracy lower than the three classes but 
higher than the six classes experiment. Hence, we 
can say that the increase in the number of classes and 
news are not the determinant factor for the decrease 
of performance with regard to the LVQ algorithm.

Based on Table 9, least accuracy for the TF*IDF 
weight method is scored in the nine classes experiment 
with less (1.6%) difference in the three classes 
experiment. The best accuracy for this weighting 
method is recorded in the six classes experiment. The 
three classes experiment resulted in the second best 
accuracy. Like the TF weight method, it can be said 

Class 3 Classes 6 Classes 9 Classes
Epoch
100 69.63% 61.61% 62.09%
500 68.89% 61.61% 62.30%
1000 68.89% 61.61% 61.48%
1500 69.63% 61.61% 70.08%
2000 94.81% 61.61% 62.30%
2500 68.89% 61.61% 61.07%
3000 69.63% 61.61% 61.48%
3500 68.89% 61.61% 61.89%
4000 68.89% 61.61% 61.68%

Table 8. Accuracy using TF weighting Scheme at 3, 
6 and 9 classes at various epoch levels

Class 3 Classes 6 Classes 9 Classes
Epoch
100 69.63% 57.78% 62.09%
500 62.22% 70.22% 62.30%
1000 65.19% 78.22% 61.48%
1500 69.63% 57.78% 68.03%
2000 65.19% 57.78% 62.30%
2500 65.19% 58.22% 62.30%
3000 65.19% 72.89% 62.30%
3500 69.63% 57.78% 54.51%
4000 62.22% 57.78% 62.30%

Table 9. Accuracy using TF*IDF weighting Scheme 
at 3, 6 and 9 classes at various epoch levels

Classes Accuracy
TF TF*IDF

Three 94.81% 69.63%
Six 61.61% 78.22%

Nine 70.08% 68.03%
Average 75.50% 71.96%

Table 10.Best accuracy at increasing No. of classes 
and news using TF and TF*IDF weight methods
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that the increase in the number of classes and news 
items are not the major factors in the reduction of 
performance using LVQ algorithm for the Amharic 
text classifier.

CONCLUSION

This study tried to see the potential application 
of Learning Vector Quantization to automatic 
classification of Amharic text news. Under this 
umbrella, effectiveness of text news classifier at 
increasing level of classes and news items has 
been investigated using TF and TF*IDF weighting 
methods. The concluding remarks are described 
below:
The best accuracy using TF weighting scheme has 
been obtained at three classes, which is 94.81%. The 
least accuracy recorded for TF weighting scheme 
has been scored at six classes, which is 61.61%. On 
the other hand, for TF*IDF weighting scheme, the 
best accuracy recorded at six classes that is about 
78.22% and the least accuracy has been obtained at 
nine classes that accounts to 68.03%. TF weighting 
scheme is better in accuracy than TF*IDF weighting 
scheme by 3.54% on average from the three, six and 
nine classes experiments.
Increase in class does not affect the performance of 
the classifier unlike previous studies, which show 
consistent decrease in accuracy as the number of 
classes increase. In the course of training using 
LVQ algorithm, it is found that computational time 
increases as the number of news items, features and 
classes increases.

Generally, the study shows that Learning Vector 
Quantization can be employed to automatic Amharic 
text classification but an integration of standard 
preprocessing techniques is crucial. Classifier is 
constructed using LVQ-neural network algorithm. 
But the accuracy obtained has to be improved. The 
recommendations given revolve around improving 

accuracy, facilitating Amharic text classification, 
or untouched problems related to text classification 
for Amharic context and recommendations for the 
agency, ENA.

Stemmer: standard stemmer that can be applied on 
Amharic is vital to decrease feature size. The result 
obtained on this study is encouraging in reducing 
the size of features by applying stemmer. If standard 
stemmer is available, it can play great role in the 
reduction of features as a result computational 
complexity can be decreased and effectives can be 
enhanced. Hence, there is a need to investigate on 
Amharic stemmer. Prior to stemming, actually there 
is a need to use stop word removal system. In this 
study, very few news specific and language specific 
stop words are identified, using these stop words 
good result is obtained. If complete stop word list is 
prepared for the domain considered, that again have 
an important positive effect on reducing the size of 
the features.

Spell checker: spelling error multiplies features by 
forming different features for the same word. As 
a result, spell checker researches are essential for 
guiding the development of Amharic spell checkers. 
In addition to spelling errors, some Amharic words 
can take varying forms due to the presence of varying 
Amharic characters but with similar sound. Here, the 
recommendation is extended to Amharic language 
experts; to devise a clear rule on the use of those 
characters. Compound words and abbreviations are 
also written in various forms; hence, the language 
experts again recommended on standardizing the way 
compound words and abbreviations are written.

Dimension reduction: in this study, Document 
Frequency (DF) thresholding is used as a method 
of dimension reduction of features; other dimension 
reduction techniques like Information Gain (IG), x 
2-test (CHI), etc can be used for reducing the size of 
features. Corpus preparation: in other languages, it is 
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very common to prepare corpus for research purpose; 
unfortunately, we are not lucky for not having 
standard corpus for Amharic text classification, 
as to the researcher’s knowledge. Researchers can 
devote much time on their work if standard corpus is 
prepared for Amharic classification experiments like 
‘Reuters-21578’ for English. Feature preparation: the 
features that can represent classes are selected using 
words in this study. But confusion occurred when 
the words are common across classes that resulted in 
misclassifications. Hence, there is a need to undergo 
research on text classification that considers features 
selected based on phrases or using ontology. 

Classification types: the data on ENA SQL 
server exhibit hierarchical in nature. As far as 
the researcher’s knowledge, this problem is not 
researched for Amharic. So, this is potential area of 
research. And some news items in ENA reveal the 
characteristics of more than one class. But ENA 
uses only single-label classification scheme. So, it 
is recommended for ENA to start implementation 
of multi-label classification scheme so that the true 
characteristics of news items are exhibited. This also 
helps researchers to undergo study on multi-label 
classification of Amharic news.

ENA: manual classification is used in ENA till now. 
The results of Amharic text news classification 
researches are promising. Hence, the company 
shall start to think the implementation on automatic 
classification for Amharic news.Other domains: as 
to the knowledge of the researcher, Amharic text 
classification is still tried on news items text only. 
Other areas, like classifying ‘research papers’, can 
be researched for Amharic documents.
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