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Abstract

Enset wilt caused by Xanthomonas campestris pv. Musacearum is potentially destructive to enset crops, has a wide
distribution, and limits the production of the crop in various parts of Ethiopia. Different disease management alternatives
are being deployed to reduce its effect. Cultural disease management methods such as using healthy planting materials,
optimum crop density, intercropping, rouging of the infected plant, host resistance, and Phyto-sanitation reduces the
intensity of bacterial wilt by reducing available inoculum to initiate infection. The practice of using host plant resistance to
control diseases stated as it is efficient and effective, long-lasting, easy to manage, and environment-friendly. Integrated
management of enset bacterial wilt is possible because a combination of control strategies is applied in many parts of the
world. Such an integrated approach does not depend on a sole method, which in the case of monogenic host resistance
could not be long-lasting and should be more sustainable over time.
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Introduction

Enset (Ensete ventricosum (Welw.) Cheesman) is used as
a chief food for about 20% of the Ethiopian population, for
more than twenty million people, mostly in the south and
southwestern part of the country [1].

During 2019/2020 this banana resembling crop
considerably contributes to food security issues and accounts
76% for household consumption, 16% for sale and 6%
accounts for seed, wages, and others out of 92,960, 122.10
quintals total production at the country level [2]. The parts
of the plant which are fit for human consumption include
the underground stem (corm) and pseudo stem, which
are pulverized and fermented into a starch-rich product
traditionally known as “kocho” that would be stored for
long being intact [3]. Products from enset are used in
different forms in traditional medicine [4,5]. A starch for
textile, adhesive, and paper industries is being produced [4].
However, due to inadequate research attention has been
given to enset crop; its production system is still traditional
and tedious. Different management practices starting from
propagation to harvesting and processing demand high labor
[5-7].

Enset was earlier cultivated only in the south and
southwestern parts of Ethiopia, but the recurrent droughts

have led to the expansion of enset cultivation to other parts
of the country [8]. The crop is well known for its tolerance to
drought and for the high productivity that makes it one of the
priority crops for food security in Ethiopia. A wide adaptation
within the species to altitude, soil, and climate has allowed
widespread cultivation in western Bale, southwestern
Oromia, including south and east Shewa, Jima, Illubabor, and
Welega [7,9,10].

Enset is cultivated at an altitudinal range of 1200-3100
meters above sea level (masl), but scattered plants can also
be found at lower altitudes [11]. However, it grows luxuriously
in elevation between 2000 and 2750 masl [12]. For optimum
growth, the plant requires an average rainfall of 1100-1500
mm per year and a mean temperature of 16-20 °C.
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It resembles a banana plant, forming a single corm
underground and a pseudo stem above the ground. Unlike
domesticated bananas the seedy leathery fruits of the
enset plant are inedible [13]. Almost all parts of Ensets are
consumable and it is also considered as the major food source
of the corm, Pseudo stem, and leaf petioles. Although wild
species of enset are distributed throughout much of central,
eastern, and southern Africa as well as Asia, its domestication
and use as a food and fiber crop is restricted to Ethiopia
[13,14]. Likewise, Taye, et al. [15]; Yemane & Fassil [16] noted
that Enset has been cultivated as a food and fiber crop in
Ethiopia for several years and over 80% of the production
is concentrated in the south and south-western part of the
country. Enset is the principal staple for the Southern Nation
and Nationalities of people of Ethiopia particularlyinthe Bonga
in-situ conservation site, Kaffa zone of southern, Ethiopia. It is
cultivated as a staple along with cereals (tef, maize, sorghum,
barley, and wheat), pulses (faba bean and field pea), and root
and tuber crops (taro, yam, Oromo potato, and potato). It is
well integrated into the culture of the people and is a typical
multipurpose crop, of which every part is thoroughly utilized,
not only for food but also for several cultural applications
(including medicinal and ritual values) [16].

Enset is the most important crop in Ethiopia. However,
its production is affected due to biotic and abiotic factors,
such as diseases, insect pests, weeds, wild animals, and soil
nutrient depletion, which contribute to low yield and low
quality of Enset production [17]. Different fungal, bacterial,
and nematode pathogens are constraints of Enset production
worldwide. The diseases are jointly the greatest severe biotic
factors for enset production. Among these, bacterial wilt of
enset (BWE), which is caused by Xanthomonas campestris pv.
Musacearum (Xcm) is the major destructive disease of Enset
[8,18].

The disease was first reported in Ethiopia by Yirgou &
Bradbury [19] and has since spread to all the enset growing
regions in Ethiopia [8,17]. However, most of the studies
showed in Ethiopia far focus on surveying the disease in some
areas and characterizing the pathogen based on biochemical
tests [6,20-24].

As high as 80% of enset farms in Ethiopia are infected
with Xcm [25,26]. The disease causes a whole loss of yield
for the infected plant that cannot be consumed by humans.
The disease has forced farmers to abandon enset production
resulting in critical food shortages in the densely populated
areas of Southern Ethiopia [3,22,26,27]. At the country level,
this disease straightly affects the livelihood of greater than a
million enset producing farmers. Because the disease is more
destructive, various management options are being used
to minimize the consequence of Xcm to enset. Generally,
controlling bacterial diseases of plants is very difficult. The
strategy developed for Xcm management includes A) Cultural
practices and sanitary control measures; B) Use of resistant/
tolerant enset clones; C) Use of healthy and clean planting
materials (suckers/transplants, corms). Cultural practices
and sanitary control measures were efficient to significantly
reduce the spread of the pathogen [27]. Experiences on
the management of Xcm in enset and elsewhere in banana

suggest that community mobilization and awareness creation
for collective management of the disease is instrumental to
effectively control the disease [27-29].

According to Zerihun, et al. [30] reported that sensitizing
and mobilizing communities in various areas contributed
to the significant decline of the incidence of the disease on
the crop. Therefore, routine application of phytosanitary
measures and agronomic practices to minimize spread by
individual and community level is currently the most effective
way of managing the disease caused by Xcm. This brief piece
of work was, therefore, carried out intending to critically
review the effect of Xcm on enset production, productivity,
and management strategies deployed in Ethiopia.

Taxonomic Position of Xcm

Bacteria; Phylum Proteobacteria; Class Gammaproteo-
bacteria; Order Xanthomonadales; Family Xanthomonadace-
ae; Genus Xanthomonas; currently classified as Xanthomonas
campestris pv. musacearum (Xcm) [31].

Sign and Symptom of Enset Bacterial Wilt

The typical symptoms of EBW are known as wilting of the
heart-leaf, followed by wilting of the adjacent overlying leaves
[32]. When petioles and leaf sheaths are separated, pockets
of yellow or cream-colored bacterial masses (oozes) are
detected in the air pockets, and bacterial slime oozes out from
cut vascular tissues (Figure 1) [3,33,34]. Eventually, infected
plants wither, and the plant rots. Symptom development is
rapid during the wet season and typically evident within 3 to
4 weeks under field conditions [35]. Entire leaves wilt, bend
over and wither, bring about the death of the whole enset
plant see in Figure 1 [19,31,34]. The different symptoms
of bacterial wilt by Melese, et al. [34]; Blomme, et al. [36];
Borrell, et al. [37] & Uwamahoro, et al. [38] are clearly shown
in Figure 1 and Figure 2.

Host Plant Ranges, Pathogen Survival and
Mode of Transmission

Alternative host plants are important in the survival
and perpetuation of several crop pathogens and have
been suspected to play a role in the survival of Xcm and
perpetuation of EXW disease of banana and enset [39,40].
Banana is the other common host of Xcm. Xcm is reported
to survive for up to three months in the soil in the absence
of a host [41] and more than four months on host stubbles
and residues [33,35]. The disease persists on contaminated
knives for 3 to 4 days [21]. Recently, the pathogen was
recovered from the fermented enset plant after 105 days of
fermentation [42]. Transmission of enset bacterial wilt from
disease to healthy crop plants could occur through all possible
means of contact, however, contaminated farm tools are
major inoculants (Figure 3) [27,33,38,43]. Spread by animals
browsing on infected leaves, use of infected plant materials,
repeated transplanting which damage corms and roots, and
possibly insects visiting bacterial oozes on enset foliage may
also occur (Figure 3) [38,44-46]. Transmission by insect vector
in enset was suggested (Figure 3) [45,46] but there is no clear
information on insect and soil-borne pathogen mediated
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Figure 1: Yellowing and wilting of enset leaves caused by bacterial wilt disease Photo captured by Sadessa K.) Source: Melese, et al.
[34].

Source: Borrell, et al. 2020 [37].
Figure 1: (a&b) shows the symptoms in Banana plants [38].

Figure 2: Xanthomonas bacterial wilt of enset caused by X. campestris pv. musacearum. The photos depict leaf yellowing and wilting,
and pockets of bacterial ooze in a leaf petiole. Photos were taken in Ethiopia by Guy Blomme [36].
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Figure 3: Transmission means of the bacterium Xanthomonas campestris pv. musacearum causing wilt. Source: Uwamahoro, et al. [38].
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transmission of Xcm in enset. According to Uwamahoro, et al.
[38] illustrated the Xcm transmission mechanism at the field
condition (Figure 3).

Geographical Distribution and Economic
Importance of Xcm

Xanthomonas campestris pv. musacearum has only been
found in African countries, specifically Ethiopia, Burundi, the
Democratic Republic of the Congo, Kenya, Rwanda, Uganda,
and Tanzania [31]. The damage due to bacterial wilt disease
could range from 70% to 100% yield loss with huge economic
impact if the damage occurs to mature enset plants after
years of field management [47,48]. Up to 30% bacterial wilt
incidence was recorded on 4-5-year enset plants in some
districts [17,35]. Such late-emerging infections could be a
big loss considering the amount of time and labor farmers
have invested during growing seasons [3,48]. The disease
has received a lot of attention, following the epidemics of
bacterial wilt on banana in 2001 [35,49] and its subsequent
dissemination in the East and Central African countries
[48,50,51]. This loss was estimated to a monetary value of
USS 2-8 billion over 10 years [48,50].

Management Options

Use of healthy planting materials

Infected plant material is one the most important source
of inoculum. With this regard, Getachew, et al. [52] reported
that the presence of the strong association of source of
planting material and the wilt epidemics. However, suckers
from own field and other farmers were the only means of
obtaining the planting materials in the inspected fields [3].
Hence, various planting materials like suckers are the principal

means of spread for systemic microbial diseases. For enset
suckers are used for planting material and infected suckers
are a source of inoculum in addition to infested soil, sucker
and soil treatment methods have to be developed in addition
to clone resistance to control the disease [3].

Using clean farm tool (phytosanitary measures)

Farming materials used during field management are the
main transmission methods for bacterial wilt disease in enset,
implying the importance of cleansing as a means of reducing
the adverse effect of the disease [53]. Slashing by machete of
weeds might result in cross inoculation in so doing increasing
the incidence and severity of EBW in enset fields [3]. This
author stated that the lowest disease incidence was recorded
from fields managed by the clean use of farming material and
rouging out and throwing of infected enset plants. Moreover,
the other studies also showed that wilt management through
the cutting of wilted plants and on spot burning or burying,
careful utilization of farm tools, and restricted movement of
infected plant parts lowered wilt epidemics close to 100%
[54,55]. Such practices are supposed to reduce inoculum
build-up, disease development, and farm tool transmission of
plant disease [3,52,54].

Weeding

For different host-pathogen systems, high weed
infestation could reduce crop strength and promote disease
development through competition for available resources
that increase crops susceptibility to diseases [3,53]. Managing
weed properly and removing alternate hosts, along with
others, from infected fields highly reduces and checks the
spread of the pathogen [52,56].
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Intercropping

Intercropping delayed disease epidemic onset, lowered
disease incidence, and severity, and reduced the disease
progress rate [57] by altering wind, rain, and vector dispersal;
modifying the microclimate particularly temperature and
moisture; altering host morphology and physiology; and
directly constraining the pathogen [58]. The type of cropping
system and planting pattern affected disease incidence
and severity at initial, final, and overall assessments and
affected the rate of disease development [57,59]. In the
intercropping system component crops might have increased
spatial distance between enset plants and act as a physical
barrier between infected and healthy enset [3]. Intercropping
might also reduce and minimize enset population and adjust
microclimate that might disfavor the wilt causing pathogen.
In this regard, component crops reduced host population,
increased spatial distance between hosts to impede the
transfer of diseases carrying propagules from infected plants
to healthy plants [3,17,52].

Host resistant

Breeding for genetic resistance is one of the best methods
to handle plant diseases, as it is the most economical and
environment-friendly control method. In Ethiopia, various
enset landraces show different responses to Xcm. This could
have resulted from the differential response of local enset
clones to enset bacterial wilt as testified by Mengistu, et al.
[54] & Tushemereirwe, et al. [60], for several plantations could
possess different levels of disease resistance. But completely
immune enset cultivars to Xcm have not been found yet
[61]. More research is, however, needed considering the
vast wealth of enset genetic resources in the different enset-
growing regions [62]. Breeding for resistance to EBW should
be given high priority and should be supported with good
agronomic management practices that do not favor EBW
epidemics [3].

Rouging

Because of the giant nature of the enset, some farmers in
the surveyed region cut infected enset into pieces and leave
them in the field [3]. This practice might disseminate the
causal pathogen within and across the whole field while wind
and rain splash move through it. The overflow of water from
infected to uninfected fields spreads the enset bacterial wilt
thereby increasing disease incidence [26]. Other studies also
indicated that pathogen spread is thought to happen through
the soil, planting materials, wind, rain, surface run-off, and
contaminated irrigation water [63].

Integrated disease management

To reduce yield loss of enset due to Xcm integrating all
components-cultural practices (rouging, using healthy planting
material, Phyto-sanitation, optimum crop density, weeding),
host resistance, and into a disease management scheme that
are environmentally compatible, economically feasible, and
socially acceptable to reduce damage caused by disease to
tolerable levels [64]. Integrated disease management is not a
sole method of management which means an amalgamation

of various disease methods like cultural, biological, and
host resistance that are environmentally compatible and
sound able, economically feasible, and socially acceptable
to decrease injury triggered by disease to acceptable and
tolerable levels. The effect of Xcm on enset can be minimized
by the integrated use of different control measures.

Future Perspectives

In Ethiopia where enset is a place where only cultivated
most of the research on EBW focused on cultural control and
landrace screening as disease management tactics. For having
an understanding of the biology, ecology, and management
of the disease, there is a need for more research to great
extents. The development of disease-resistant enset cultivars
should be given main concern for farmers who are exposed
to deploy labor-intensive disease management strategies.
This however requires a clear understanding of the molecular
basis of interaction between Xcm and enset, and an analysis
of the intermediate products produced by both the pathogen
and plant following infection. Additionally, determination
of the population structure of the pathogen from a wider
geographic area is required to develop a database on Xcm
isolates and consequently determine the best strategy for
deployment of resistance and or to incorporate the non-
matching resistance genes to the existing pathogen. The
use of biotechnological approaches may be one of the best
strategies in managing this disease.
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