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ABSTRACT

Enset (Ensete ventricosum) (Welw.) Cheesman is a monocarpic, herbaceous plant belonging to the Musacea family 
and the genus Ensete. All plant parts are utilized for different purposes. Hence, kocho, bulla and amicho are used as 
human food. By products from the plant is used to make different household items. Despite its importance, enset is 
constrained by several biotic and abiotic factors that affect its production and productivity. Among the biotic factors, 
diseases, insect pests and wild animals are important production challenges of enset. But, of all, Enset Bacterial Wilt 
(EBW) caused by Xanthomonas campestris pv. musacearum (Xcm) is the most damaging constraint contributing a major 
share to reduction of enset productivity in all enset growing areas of Ethiopia. Concerning sources of inoculum, 
mode of infection and transmission of Xcm especially of enset in Ethiopia is not yet well studied to the level needed 
as compared to the seriousness of the disease so, the current study was designed to evaluate the level of enset bacterial 
wilt pathogen transmission with animal excrete/cow dung. To do this a cow and calf allowed to feed only on the 
infected enset plant at morning, mid-day and night for seven consecutive days then in the morning and at evening 
dung and urine samples were collected for seven consecutive days from these animals and a total of 56 samples were 
collected. Then preparation of suspension and isolation of pathogen was made using standard bacterial isolation 
techniques. During the course of the experiment and counting of bacterial colony and biochemical test (KOH had 
been conducted for confirmation. The result of the experiment showed that from the total sample collected from 
cow and calf dung and urine only 19 or 33.92% were identified as Xanthomonas campestris pv. musacearum (Xcm) 
which was confirmed based on morphological and biochemical characteristics of the cultured isolates/samples. The 
rest 37 or 66.07% of the collected samples were didn’t show the specific characteristics of Xanthomonas campestris pv. 
musacearum (Xcm) so, they are not Xanthomonas campestris pv. musacearum (Xcm). From the total samples the highest 
average number of colony 19, 17.66, 14.66 and 13 were recorded from samples collected from calf dung at the 
morning, calf dung at the evening and cow dung at the morning respectively. Whereas the lowest average number 
of colony 4.66, 3, 2.33, 1.33, and 0.33 were recorded from samples collected from cow dung morning, cow dung 
morning, calf dung morning, cow urine morning and cow urine morning respectively. So from this study we can 
conclude that animal excrete both dung and urine have a role in transmitting the bacterial wilt of enset from one 
field to another at different level of transmission. Also the study depicted that large number of bacterial colony were 
isolated from dung than urine in the same way from calf than cow; so we should take care-off when we dispose the 
animal excrete and have to avoid the movement animals and disposing of the their waste materials in enset fields. 
Since, this is one time study, similar study has to be continued considering the age of animals and enset plant to have 
a clear understanding and information.
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INTRODUCTION 

Enset (Ensete ventricosum) (Welw.) Cheesman is a monocarpic, 
herbaceous plant belonging to the Musacea family and the genus 

Ensete. Wild E. ventricosum is common and widespread in Ethiopia 
and along the rift valley in eastern Africa, all the way south to 
Mozambique. However, it is only in Ethiopia that enset has been 
domesticated and is cultivated for food, animal feed and fiber [1].
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All plant parts are utilized for different purposes. Hence, kocho, 
bulla and amicho are used as human food. By products from the 
plant is used to make different household items. Fresh enset leaves 
are used as bread and food wrappers, cattle feed, serving plates, and 
pit liners to store kocho for fermentation. Though, the plant has 
multipurpose uses, it is principally cultivated for its carbohydrate 
rich food products. It is used as staple or co-staple food for about 
20% of Ethiopian population particularly in the South and South-
western part of the country.

Despite its importance, enset is constrained by several biotic 
and abiotic factors that affect its production and productivity. 
Among the biotic factors, diseases, insect pests and wild animals 
are important production challenges of enset. But, of all, enset 
bacterial wilt (EBW) caused by Xanthomonas campestris pv. 
musacearum (Xcm) is the most damaging constraint contributing a 
major share to reduction of enset productivity in all enset growing 
areas of Ethiopia [2].

A bacterium causing a wilt disease of enset was officially reported 
in Ethiopia for the first time in the 1960’s and named Xanthomonas 
musacearum. The same bacterium was later confirmed as causing a 
similar disease on cultivated banana and other Musa spp. and was 
subsequently reclassified as X. campestris pv. Musacearum.

Concerning sources of inoculum, mode of infection and 
transmission of Xcm especially of enset in Ethiopia is not yet well 
studied to the level needed as compared to the seriousness of the 
disease. However, a few studies have generally revealed some facts 
on sources of inoculum, mode of infection, transmission and 
survival of Xcm. Works done on dissemination mechanism of the 
pathogen have indicated to be mediated by several factors. Study 
on insect transmission of Xcm on enset suggested the possibility of 
transmission of the pathogen by insect vectors [3].

Farmers also claim that the pathogen is transmitted by cow dung 
when the cows eat infected enset. However, this fact is not yet fully 
clarified so, the current study was designed to evaluate the level 
of enset bacterial wilt pathogen transmission with animal excrete/
cow dung

MATERIALS AND METHODS

Feeding of diseased enset plant to the animal and 
collection of dung and urine samples

Diseased enset plant was collected from the farmer’s field found at 
Woyibo kebeles of Damot sore woreda of Wolaita zone. This area 
was selected for diseased enset plant collection as it represents the 
major of enset production areas in zone [4]. Diseased enset plant 
was transported to the area where the animals were kept isolated 
from their normal feeding habit for this purpose; then these 
animals were allowed to feed only on the infected enset plant at 
morning, mid-day and night for seven consecutive days then in the 
morning and at evening dung and urine samples were collected 
for seven (7) consecutive days from these animals feeding on the 
infected enset plant so, a total of 56 samples were collected.

Preparation of suspension and pathogen isolation

Preparation of suspension for pathogen isolation was conducted 
using the collected urine and dung samples. To make the suspension 
100 ml of distilled water was added in each collected samples and 
poured using 15 m sieve to separate the course materials from the 

suspension and the collected suspension was transferred to a new 
jar then preparation of the working dilution (10-1 to 10-4) was made 
following the standard dilution techniques; then after isolation of 
the pathogen was carried out using artificial growth media. (Figure 1).

Before isolation of the pathogen 1 litter of Yeast Dextrose Calcium 
Carbonate Agar (YDCA) growth media was prepared using 20 g of 
dextrose, 10 gram of yeast extract, 20 g of calcium carbonate,10 ml 
of glycerol,15 gram of agar-agar instead of bacteria agar and 990 ml 
of distilled water [5,6]. 

To prepare it first we mixed the entire ingredient together gently 
and autoclaved at 121°C for 15 min then upon cooling we poured 
it on to Petri plate inside the hood and we made ready it for growing 
of pathogen. For isolation of the pathogen a loop-full of suspension 
from the sample were spread on to Yeast Dextrose Calcium 
Carbonate Agar (YDCA) growth medium using inoculation loop, 
and then incubated at 28°C for 24–48hrs. After 48hrs, colonies 
of the bacterium were observed. Pure culture of the bacteria was 
prepared by transferring individual colony of the bacterium on 
to YDCA culture medium and incubated at 28°C for 24 to 48 h. 
(Figure 2).

Biochemical test

KOH Test: Two drops, approximately 50l, of a 3% (w/v) solution 
of Potassium Hydroxide (KOH) were placed on a clean glass slide. 
Bacterial cells were transferred from culture media aseptically with 
a flat wooden toothpick and placed into the drop of KOH with 
rapid circular agitation. After 5-8 sec, the toothpick was alternately 
raised and lowered just off the slide surface to detect with a 
stringing effect. The KOH test was considered positive if, drop 
viscosity increased and stringing occurred within 15 sec. (Figure 3).

Figure 1: Animals (cow and calf) feeding on infected enset and 
collected urine and dung samples.

Figure 2: Preparation of suspension, growth media and culturing of 
pathogen.

Figure 3: Positive and negative samples from the total collected 
samples and colony color. Note: ( ) Positive; ( ) Negative
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Data collection and analysis

Number of colony grown on the growth medium, growth 
characteristics on growth media and biochemical reaction of the 
pathogen were noted and analysed using simple statistics [7].

RESULTS AND DISCUSSION

Morphological and Colony number

The isolation result show that from the total sample collected from 
cow and calf dung and urine only 19 or 33.92% were identified as 
Xanthomonas campestris pv. musacearum (Xcm) (Figure3) which was 
confirmed based on morphological and biochemical characteristics 
of the cultured isolates/samples. The rest 37% or 66.07% of the 
collected samples were didn’t show the specific characteristics 
of Xanthomonas campestris pv. musacearum (Xcm) so, they are not 
Xanthomonas campestris pv. musacearum (Xcm).

From the total collected samples the highest average number of 
colony 19, 17.66, 14.66 and 13 were recorded from samples collected 
from calf dung at the morning, calf dung at the evening and cow 
dung at the morning respectively. Whereas the lowest average 
number of colony 4.66, 3, 2.33, 1.33, and 0.33 were recorded from 
samples collected from cow dung morning, cow dung morning, 
calf dung morning, cow urine morning and cow urine morning 
respectively (Figures 4a and 4b).

Regarding average number of colony isolated from different types 
of animals, the highest average number of colony 10.455 was 
recorded samples collected from calf this may be due to the high 
feed intake and digestion capacity of the animal and also the age of 
the animal (Figure 5).

The results also show that the type of animal waste also gave 
different average number of colony. The highest average number 
of colony 9.22 was counted from the dung sample of the animals 
whereas the lowest average number of colony was recorded from 
urine sample of the animals (Figure 6). This implies that the dung can 
support much number of bacterial colonies than urine (Figure 7).

Biochemical test result

Xanthomonas campestris pv. musacearum (Xcm) samples used for 
biochemical test were selected based upon having typical yellow 
colony morphology and being the intended bacteria isolated from 
these samples. Of these isolates, 68.42% were isolated from dung 
samples whereas 31.57% were from urine samples [8]. 

The biochemical tests showed positive reaction for KOH test 
for 19 samples. So, biochemical properties of 33.92% of Enset 
Bacterial Wilt (EBW) isolates generally were consistent with that of 
Xanthomonas campestris pv. musacearum (Xcm) (Table1).

Table 1: Biochemical reaction for identified XCM pathogen from dung 
and urine samples of cow and calf.

XCM sample code
Biochemical Tests

KOH (3%) Designation

cdm + Gm-

cdm + Gm-

cum + Gm-

cade + Gm-

cde + Gm-

caum + Gm-

cdm + Gm-

Figure 4: Average number of colony counted from cultured sample 
of (A) cow (B) calf.

Figure 5: Average number of colony as influenced by animal types.

Figure 6: Average number of colony as influenced by waste type.

Figure 7: dead leaves of inoculated enset plant.
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cum + Gm-

cde + Gm-

cadm + Gm-

cum + Gm-

cade + Gm-

cadm + Gm-

cdm + Gm-

cum + Gm-

cade + Gm-

cadm + Gm-

cum + Gm-

cade + Gm-

Note:
Evening;cde:Cow Dung Evening; caum:Calf Urine Morning; cadm:Calf 
Dung Morning.

Pathogencity test for confirmation of the pathogen

For the pathogenecity test one year old susceptible enset clone 
(Arkya) was planted on pot then inoculated with 5 ml of a 2 days 
old bacterial suspension with a cell concentration of 108 cfu/ml 
(adjusted to 0.3 OD at 460 nm using spectrophotometer). The 
plant was inoculated at the base of the newly expanding central leaf 
petiole using a 10ml capacity sterile hypodermic syringe with metal 
needle. Then symptom was seen after 21 days after inoculation and 
inoculated leaves were dead after 45 days of inoculation.

CONCLUSION AND RECOMMENDATION

This study was conducted in Areka Research Center in laboratory 
condition with the aim of two evaluating the level of enset bacterial 
wilt pathogen transmission with animal excrete/cow dung. A 
total of 56 dung and urine sample was collected from two types of 
animals (Cow and calf). So from this study we can conclude that 
animal excrete both dung and urine have a role in transmitting the 
bacterial wilt of enset from one field to another at different level of 
transmission. Also the study depicted that large number of bacterial 
colony were isolated from dung than urine in the same way from calf 
than cow; so we should take care-off when we dispose the animal 
excrete and have to avoid the movement animals and disposing of 
the their waste materials in enset fields. Since, this is one time study, 
similar study has to be continued considering the age of animals and 
enset plant to have a clear understanding and information.
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