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Abstract
Xanthomonas wilt is a major constraint to banana production in the East and Central Africa. The disease can cause up to 100%
yield losses if proper management strategies are not well implemented. Understanding of disease status, driving factors and
farmers’ knowledge provide insights towards a sustainable management approach. A total of 120 and 150 banana farms from
eight and ten districts of Rwanda were surveyed for disease occurrence in 2015 and 2016 respectively. The owners of the farms
were interviewed about disease knowledge, management practices, and source of information in these aspects. The results show
that Xanthomonas wilt was present in all surveyed districts with high incidence (above 45% in both 2015 and 2016) in major
banana growing areas, highlighting the risk of increasing yield losses. High Xanthomonas wilt incidence and severity was
associated with Impara and Eastern plateau agro-ecological zones, intercropping systems, brewing bananas, dense spacing,
and homogenous cultivars. Here, we demonstrate for the first time the gravity of Xanthomonas wilt in major banana growing
areas of Rwanda. This agrees with the finding that proper implementation of management practices by the farmers remains
limited. Disease management difficulties could be attributed to inaccessibility to the right information since some information
sources may be unreliable. We also report for the first time that fields with a mixture of indigenous and improved cultivars are
likely to have low Xanthomonas wilt disease severity (p < 0.005), and this could be considered in banana Xanthomonas wilt
management package. Our findings are essential to understand the urgency of improving extension services with updated
practices and reinforcing disease monitoring efforts in order to stop new infections and further spread of the Xanthomonas wilt
disease, a threat to sustainable banana production in Rwanda.
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1 Introduction

Banana (Musa spp.) is an important staple crop grown for both
subsistence and income generation by smallholder farmers in
the Great Lakes region of East and Central Africa. Rwanda is
part of the region, and banana is one of the most important
staple food crops (Karamura et al. 2012) occupying 23% of
the area cultivated and contributing to 28% of the total crop
production (NISR 2016). Globally, the crop is mostly known
for producing sweet dessert fruits, but in East Africa many
cultivars are grown for their starchy fruits that are roasted or
cooked and cultivars with bitter and astringent fruits that are
used for brewing beer (Karamura et al. 2012). In addition,
bananas’ robust and perennial features play an important role
in protecting soil from erosion on hilly terrain, and banana
plant parts are used as livestock fodder, for making baskets,
carpets, shoes and indoor decorations (Karamura et al. 2008).
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Currently, the banana Xanthomonaswilt disease caused by
Xanthomonas campestris pv. musacearum is the major con-
straint to banana production in the East and Central Africa
(Nkuba et al. 2015). The disease was originally reported on
the banana relative enset (Ensete ventricosum) in 1968 and a
few years later on banana in Ethiopia (Yirgou and Bradbury
1974). In the Great Lakes region of East and Central Africa, it
was first reported in central Uganda in 2001; and from there, it
spread to the Democratic Republic of Congo, Rwanda,
Tanzania, Kenya, and Burundi (Carter et al. 2010). In
Rwanda, since the first report of the disease during 2005 in
Rubavu district, the disease has progressively spread to other
areas (Reeder et al. 2007). In 2007, banana Xanthomonaswilt
was present in three districts namely Rubavu, Rutsiro, and
Rulindo (Murekezi 2009), and a few years later in 2009–
2010, the disease was present in 9 out of 12 surveyed districts
(Night et al. 2013).

The bacterium,Xanthomonas campestris pv. musacearum, is
highly transmissible and spreads rapidly through infected plant
material, cutting tools, long-distance trade, and vectors such as
insects, birds, and bats (Tinzaara et al. 2011) (Fig. 1). Moreover,
lack of knowledge among farmers on disease diagnosis and

management, and cultural practices such as the use of unsteril-
ized cutting tools that unintentionally spread the bacteria, con-
tributed to its rapid spread (Mwangi and Nakato 2009). The
bacterium attacks all cultivars, and no single method is effective
to control the disease. Effective management requires a set of
cultural practices (planting healthy suckers, breaking of male
buds with a forked stick, disinfection of farm tools, and removal
of infected plants) that need to be applied as a package (Kubiriba
and Tushemereirwe 2014). But, some farmers do not adhere to
this recommendation due to the associated high labor cost and
perceptions on effectiveness of the disease management prac-
tices, resulting in continued disease spread (Jogo et al. 2013;
Rutikanga et al. 2013).

Since the first report of Xanthomonas wilt in Rwanda, sev-
eral campaigns and efforts have been initiated by the Ministry
of Agriculture through Rwanda Agriculture Board in collab-
oration with local government and other stakeholders to raise
awareness among farmers to combat the disease (Murekezi
2009). Despite these efforts, the disease continued to spread
(Night et al. 2013). A previous study showed the distribution,
incidence, and farmer knowledge of banana Xanthomonas
wilt in Rwanda during 2009–2010 (Night et al. 2013).
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Fig. 1 Transmission means of the bacterium Xanthomonas campestris
pv. musacearum causing banana Xanthomonas wilt. The bacterium is
spread by everything that gets in contact with an infected banana, such

as insects and birds sucking nectars or feeding on ripen fruits, grazing
animals, cutting tools, and unintentional moving of infected soils on
boots, symptomless infected suckers, or marketed infected banana
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However, considering severe impact of the disease, keeping
track of its status and farmers’ knowledge over time would
help to understand the factors responsible of its continual
spread or persistence. This study was therefore conducted to
assess the distribution of Xanthomonaswilt in Rwanda during
two consecutive years (2015 and 2016) and to determine the
factors associated with disease occurrence. An interview study
was performed to evaluate the farmers’ knowledge on the
detection, spread, and management of banana Xanthomonas
wilt and to study the actual application of disease management
strategies as well as the source of knowledge.

2 Materials and methods

2.1 Survey sites selections

Banana Xanthomonas wilt surveys were conducted during
March–April 2015 in four agro-ecological zones (Birunga,
Buberuka, Central Plateau, and Eastern Plateau) and during
March–April 2016 in five agro-ecological zones (same zones
as in 2015 plus Impara) (Fig. 2). Impara agro-ecological zone
was only surveyed in 2016. The zones were selected in order
to reflect the distribution of banana Xanthomonas wilt around

the country. Impara, Eastern Plateau, and Kivu lake border are
the major banana growing agro-ecological zones of Rwanda,
with topography and climatic conditions suitable for banana
(Nsabimana et al. 2008). In each zone, two districts were
selected randomly. Three locations per district (a location be-
ing a sector in major banana growing districts or a cell in
minor banana growing districts) were selected in consultation
with districts agricultural officers, in order to cover locations
where banana plantations dominate. A stratified random sam-
pling was used to select five farms from each location
departing from the center of each location and following the
direction with more banana mats. A stratum was taken to be a
farm with at least 30 banana mats under production, and at
least 1 km distance from one farm to the next was considered.
In total, 120 farms in 2015 and 150 farms in 2016 were sur-
veyed for banana Xanthomonas wilt, and the farm owners
were interviewed. In districts surveyed during both 2015 and
2016, the same farms were visited twice, and the interviews
were performed during the first visit.

2.2 In-field Xanthomonas wilt disease assessment

At each of the selected farms, the survey team, consisting of
two enumerators and a researcher, visited the banana field
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Fig. 2 Agro-ecological zones of Rwanda based on differences in
climatic, topographic, and edaphic environment (Verdoodt and Van
Ranst 2006) and banana Xanthomonas wilt distribution in the surveyed

districts during 2015 and 2016. The disease was present in all surveyed
districts. Black dots indicate some surveyed farms, and bars show
Xanthomonas wilt incidence in 2015 and 2016
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closest to the farmer’s home to assess Xanthomonas wilt and
identify the farming practices applied by the farmer. A global
positioning system device was used to record geographical
coordinates of the farms.

Visual symptoms such as yellowing and wilting of leaves,
premature and uneven fruits ripening, yellowish blotches and
dark brown scars in the pulp, and yellow ooze from cut
pseudostems were used to confirm that the disease was
Xanthomonas wilt (Tripathi et al. 2009) (Fig. 3). From the
center of each field, we made two diagonal lines, and five
banana mats from each line were selected to assess the inci-
dence and severity of Xanthomonas wilt. The incidence was
calculated for each field as the percentage of symptomatic
mats of the total number of surveyed mats. The severity was
recorded for each surveyed mat based on a 1–5 severity scale

transformed into percent wilting, where scale 1 = 0% wilting,
2 = 20% wilting, 3 = 50% wilting, 4 = 75% wilting, and 5 =
100% wilting. The average wilting percentage for surveyed
mats per field gave the disease severity for that field.

2.3 Interviews

The interviews were face to face with the farmers and were
performed in the local language (Kinyarwanda). The ques-
tionnaire included both open and closed questions. Closed
questions included questions about farming practices, applied
disease management practices, and the source of acquired
knowledge on Xanthomonas wilt. Open questions included
farmers’ knowledge on disease detection, spread, and man-
agement. To assess the source of knowledge about the disease,

Fig. 3 Symptoms of bananaXanthomonaswilt are a yellowing of the leaves, bwilting of the whole plant, c symptomatic banana sucker, d cross-sections
of the banana fingers showing rusty brown stains, e yellow bacterial ooze from a cut pseudostem
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the farmers were asked to mention sources that provided them
the information on Xanthomonas wilt disease in a list of 15
possible sources (agronomists, brochures, extension officers,
fellow farmers, local leaders, Ministry of Agriculture
(MINAGRI), newspapers, non-government organizations
(NGOs), parents or other relatives, posters, Rwanda
Agriculture Board (RAB) scientists, researchers, radio, televi-
sion, and training).

2.4 Statistical analyses

The relationship between Xanthomonas wilt incidence or se-
verity with independent variables was tested in single, multi-
ple, and reduced models (Uwamahoro et al. 2018) by using
logistic regression in R statistical software (Everitt and
Hothorn 2006). Thirteen independent variables were used
and categorized into variable classes. These variables and their
respective classes include agro-ecological zones (Buberuka,
Birunga, Central plateau, Eastern plateau, Impara), banana
types (cooking, brewing, dessert), cropping systems (mono-
cropping, intercropping), first farm appearance (before 2010,
2010 to 2013, after 2013), grown cultivars (indigenous, im-
proved, a mixture of both indigenous and improved), spacing
between mats (wide, moderate, dense), sampling year (2015
or 2016), source of planting materials (own farms, other
farmers, certified multipliers or governmental institutions),
sterilizing farm tools (yes, no), exchanging farm tools (yes,
no), exchanging planting materials (yes, no), removing male
bud (yes, no), and using own tools in someone else’s farm
(yes, no).

Logistic regression calculates the probability of a given
binary outcome (response) as a function of the independent
variables (Everitt and Hothorn 2006). Hence, Xanthomonas
wilt incidence and severity percentage were classified into
distinct categories of binomial qualitative data. Class bound-
aries of < 30% and ≥ 30% for incidence and severity were
chosen so that groups contained approximately equal totals,
thus, yielding a binary dependent variable. The single model
tested the association of each independent variable alone with
the disease incidence or severity. In multiple models, the as-
sociation of each independent variable with disease incidence
or severity was tested when entered last into the model with all
other independent variables. Only the variables that showed
high association to disease incidence or severity in a single
and multiple models were tested in the reduced multiple
models as described in Uwamahoro et al. (2018). The final
analysis of deviance table generated in the reduced multiple
models is shown in Table 1. The parameter estimates and
standard error of the parameter estimates are given by gener-
alized linear model (glm) in logistic regression, whereas the
odds ratio interpreted as the relative risk here is obtained by
exponentiation of the parameter estimates (Everitt and
Hothorn 2006).

3 Results and discussion

3.1 Distribution of banana Xanthomonas wilt

Banana Xanthomonas wilt remains the major threat to banana
production in East and Central Africa. This study conducted in
Rwanda in 2015 and 2016 shows that the disease was present
in all surveyed districts. During 2015, the incidence of
Xanthomonas wilt varied from 27 to 77% and was higher (>
45%) in the two major banana growing districts Rwamagana
and Kayonza (Fig. 2). In the 2016 survey, the minimum and
maximum incidences were reported in the districts of
Nyamagabe (26%) and Nyamasheke (82%) respectively.
Notably, higher incidences (above 58%) were recorded in
the following major banana growing districts: Rwamagana,
Kayonza, Rusizi, and Nyamasheke in 2016 (Fig. 2).

The presence of banana Xanthomonas wilt in all surveyed
districts indicates that despite the efforts and campaigns to
combat the disease (Murekezi 2009) it continued to spread
across the country if compared with the report from 2009 to
2010 (Night et al. 2013). A similar pattern was observed in the
Kagera region of Tanzania (Shimwela et al. 2016). The con-
tinued spread of banana Xanthomonaswilt in East and Central
Africa can be attributed to inappropriate application of man-
agement practices, lack of appropriate methods for farm tools
disinfection, and failure in applying regulations and quaran-
tine measures (Tinzaara et al. 2011). It was also noted that
many farmers abandoned control measures because they were
stunned by the devastation of the disease (Tushemereirwe
et al. 2008). Similarly, some farmers expect immediate results
from disease control practices; if that is not the case, they drop
the implementation of control measures (Tinzaara et al. 2011).

3.2 Relationship between banana farming practices
and agro-ecological location with Xanthomonas wilt
incidence and severity

Among the 13 variables tested in single and multiple models
in association with Xanthomonas wilt incidence and severity,
only agro-ecological zone, spacing, banana type, and cropping
systems were significantly (p < 0.05) associated with inci-
dence. Similarly, the agro-ecological zone, cropping system,
banana type, and cultivars were significantly (p < 0.05) asso-
ciated with severity in single and multiple models. These var-
iables associated with incidence and severity in both models
were checked in the reduced model where the odds ratio
helped to assess the contribution of each variable class
(Table 1). The first farm appearance variable was not associ-
ated with the disease incidence, but for the fit of the model, it
was kept since the AIC (Akaike Information Criterion)
(Akaike 1974) substantially increased when it was removed.
High incidence of Xanthomonas wilt (≥ 30%) was positively
associated with major banana growing zones, intercropping
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system, brewing banana type, and dense and moderate spac-
ing. Similarly, higher disease severity (≥ 30%) was associated
with major banana growing zones, intercropping systems,
brewing type, and homogenous cultivation of either improved
or indigenous cultivars (Table 1).

The highest disease incidence was observed in major ba-
nana growing areas, Impara and Eastern plateau (Fig. 2,
Table 1). This could be attributed to the fact that nearly every
farmer in these areas has a banana field, which helps the bac-
teria to spread rapidly across farms (Fig. 1). In addition, ba-
nana grows well at altitudes below 1700 m above sea level, as
the altitude decreases the temperature increases and insect
activity increases (Jaworski and Hilszczański 2013), leading
to high disease spread by insects (Mwangi et al. 2006). High
incidence in the Impara could also be explained by the fact
that this region borders two countries, Democratic Republic of
Congo and Burundi, where the disease prevalence is also high

(Carter et al. 2010) and that informal banana trade between
countries is not strictly regulated.

Xanthomonas wilt incidence was two times lower in pure
stand than in intercropped banana (Table 1). These findings
are in agreement with another study that intercropped bananas
are more prone to Xanthomonas wilt disease (Ocimati et al.
2013). This is probably because the farmers visit intercropped
fields more frequently for managing annual crops using tools
that can cause injury to banana roots, hence creating entry
points for disease-causing pathogens (Rutikanga et al. 2013;
Tushemereirwe et al. 2008). We observed five times higher
incidence in densely planted banana fields compared with
wide-spaced fields (Table 1). In densely spaced bananas, the
short distance between the banana root systems and flowers
can facilitate easy transmission of the disease-causing bacteria
(Fig. 1). The predominance of Xanthomonas wilt incidence
and severity in the brewing banana type have also been

Table 1 Analysis of deviance, natural logarithms of odds ratio, and standard error of added variables in the reduced model analyzing banana
Xanthomonas wilt incidence and severity in Rwandaa

Independent variablesb Residual deviance DF LRT Variable class Estimatesc Log e
(odds ratio)

SE Odds ratio

DR Pr > χ2

Xanthomonas wilt incidence
Intercept 251.38 1.68 2.41 5.38
AEZ 237 4 14.38 < 0.0001 Buberuka 0d – 1

C. Plateau 0.07 0.70 1.08
E. Plateau 0.41 0.62 1.51
Impara 1.61 0.84 5.02
Birunga − 0.19 0.60 0.82

Cropping system 217.42 1 19.58 < 0.0001 Intercropping 0 d – 1
Monocropping − 0.63 0.43 0.53

Banana type 188.24 2 29.18 < 0.0001 Brewing 0 d – 1
Cooking − 2.20 0.49 0.11
Dessert − 1.38 0.62 0.25

Spacing 179.73 2 8.50 < 0.0001 Wide 0 d – 1
Dense 1.69 0.56 5.43
Moderate 0.81 0.47 2

First farm appearance 175.29 2 4.44 0.11 After 2013 0 d – 1
2010–2013 − 0.05 0.52 0.95
Before 2010 − 1.25 0.68 0.29

Xanthomonas wilt severity
Intercept 372.16 1.29 0.50 3.64
AEZ 347.33 4 24.84 < 0.0001 Buberuka 0 d – 1

C. plateau − 0.84 0.47 0.43
E. plateau 0.78 0.47 2.17
Impara 2.01 0.65 7.50
Birunga 0.17 0.46 1.18

Cropping system 307.95 1 39.38 < 0.0001 Intercropping 0 d – 1
Monocropping − 0.80 0.34 0.45

Banana type 267.98 2 39.97 < 0.0001 Brewing 0d – 1
Cooking − 2.03 0.39 0.13
Dessert − 2.31 0.50 0.10

Grown cultivars 257.44 2 10.53 0.005 Improved 0 d – 1.00
Indigenous 0.84 0.35 2.32
Mixed − 1.14 0.78 0.32

aDF degree of freedom, LRT likelihood ratio test, DR deviance reduction, Pr probability of a χ2 value exceeding the deviance reduction, SE standard
errors, AEZ agro-ecological zones. Dense spacing (< 1 m between mats), moderate spacing (between 1 and 2 m), wide spacing (≥ 2 m between mats).
b Terms are added sequentially from first to last in order of presentation in the table. c Estimates are from the model with all independent variables added;
d The reference category
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previously demonstrated (Tripathi et al. 2009); this is mainly
due to high sugar content in the flower nectar, which attracts a
diversity of insects (Tinzaara et al. 2011).

This study showed a significant association of
Xanthomonas wilt severity with the type of banana culti-
vars (p = 0.005), where the severity was three and seven
times lower in farms with a mixture of both indigenous
and improved cultivars compared with farms with either
improved or indigenous cultivars alone, respectively
(Table 1). The results may be explained by increased ge-
netic diversity in cultivars mixtures, which contributes to
variation in insect visiting the male flowers depending on
the availability of their favorite cultivars (Tooker and
Frank 2012). This is the first report that demonstrated
the association of cultivars mixture with low severity of
Xanthomonas wilt. A detailed study should be conducted
to understand the mechanisms behind these findings.

3.3 Farmers awareness, control practices, and source
of information for Xanthomonas wilt

3.3.1 Awareness on Xanthomonas wilt detection and spread

Themajority of interviewed farmers (53 to 93% in all districts)
could detect banana Xanthomonas wilt by wilting symptoms
(Table 2A). This is obviously explained by the local name
given to the disease “Kirabiranya”, which means “causing
wilting”. Fifty-five percent of the farmers knew the symptoms
of fruit premature ripening. These findings are consistent with
those of Night et al. (2013) that most farmers in Rwanda could
detect Xanthomonas wilt by looking at wilting leaves and
premature ripening of the fruits. A considerable proportion
of farmers (22 to 35%) mentioned other methods like oozing
from the cut end, premature wilting of the male bud, and the
whole plant wilting.

Farm tools and insects were identified as the major
transmission means for the Xanthomonas wilt causing
pathogen (Tinzaara et al. 2011), and the majority of
interviewees in this study (70% and 58%) were aware
of these means respectively (Table 2A). Other spread
methods mentioned include infected plants and planting
mate r i a l s (36%) , g raz ing an imals (25%) , no t
decomposed banana wastes (13%), and infested soil
(15%) (Table 2A). The farmers surveyed in this study
did not know about the spread by rain or water. Low
awareness of Xanthomonas campestris pv. musacearum
spread by water and soil by the farmers in Rwanda was
also shown by Night et al. (2013). However, Shimwela
et al. (2016) confirmed that the Xanthomonas wilt caus-
ing pathogen is heavily spread by rainwater, henceforth
advising farmers to prune and remove infected bananas
in the dry season.

3.3.2 Awareness and practice of Xanthomonas wilt control
measures

The recommended practices to control Xanthomonas wilt in
Rwanda include consistent removal of infected mats, burying
or burning infected residues, sterilization of farm tools, and
timely removal of the male buds (Murekezi 2009; Rutikanga
et al. 2013). The large majority of respondent farmers (> 70%)
were aware of uprooting infected bananas and removal of the
male bud to control Xanthomonas wilt, while 78% and 65%
farmers implement the removal of symptomatic plants and the
male buds respectively to manage the disease (Table 2 A and
B). In addition, 35% farmers bury or burn infected banana
residues, 33 to 38% practice the whole mat removal, tools
sterilization and avoidance of exchanging tools or planting
materials (Table 2B). Only 9% farmers use suckers from cer-
tified multipliers. These results show that farmers tend to im-
plement disease control measures that are easy for them to
implement, such as the removal of symptomatic plants on
the mat instead of the whole mat and male buds removal. A
recent study recommends single diseased stem removal tech-
nology as an alternative to the whole mat removal based on
the finding that adjacent or physically attached shoots of an
infected plant are sometimes healthy (Blomme et al. 2017).
The technique is easily applicable for farmers and can signif-
icantly reduce the disease but requires consistent use with the
other disease management methods. Thus, the management of
Xanthomonaswilt remains knowledge and labor intensive and
imposes continuous training and extension efforts
(McCampbell et al. 2018).

There is an inconsistency between disease awareness and
application of Xanthomonas wilt management options in the
surveyed districts. Similarly, the proportion of farmers apply-
ing components of a disease management package differs
within districts. These results agree with previous findings that
some farmers ignore or drop practices in the recommended
disease management package thus limiting the potential for
successful control of the disease (Jogo et al. 2013;
Rutikanga et al. 2013; Tinzaara et al. 2011). Furthermore,
the awareness and application of disease management by the
farmers in this study are slightly higher than those observed
during 2009–2010 by Night et al. (2013). On the other hand,
the disease incidence observed by Night et al. (2013) was
lower compared with the incidence reported in this study.
These results are probably due to farmers’ reluctance to cor-
rectly apply the recommended management practices consid-
ering the disease persistence in their farms or neighboring
farms and the magnitude of Xanthomonas campestris pv.
musacearum spread. Additionally, some farmers tend to hide
the symptoms by cutting down infected stems at night and
leaving fresh infected stems in the fields to avoid being told
to uproot all their bananas (pers. communication with Rusizi
and Nyamasheke local leaders). Cutting down infected
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Table 2 Percentage of farmers’ awareness, control practices, and information sources for banana Xanthomonaswilt disease in ten districts of Rwanda
(n = 150) during March–April 2015 and 2016

Awareness, control practices, and knowledge sourcesa Surveyed agro-ecological zones and districtsb Overall (%)

Central Plateau Buberuka Birunga Eastern Plateau Impara

Huye Nyam Rul Gic Nyab Mus Rwam Kay Rus Nyke

A. Farmers’ aware of detection, spread and management methods for Xanthomonas wilt (%)
BXW Detection awareness
Wilting/yellowing of the leaves 80 60 67 53 67 73 53 80 93 87 71
Premature ripening of the fruit 47 27 73 33 27 33 73 67 80 87 55
Pus like substances on the cut end 20 0 47 40 27 33 47 60 33 47 35
Premature rotting of the male bud 13 47 67 33 27 20 33 33 33 33 34
The whole plant wilt 33 33 27 0 0 20 7 13 47 40 22
Bad smell from the cut end 0 0 0 27 0 0 0 7 33 27 9
Discoloration in the heart of stem 13 27 0 0 0 0 13 0 0 0 5
No idea 0 13 0 0 0 0 7 0 13 7 4

BXW Spread awareness
Contaminated farm tools 67 73 87 80 93 73 67 93 33 33 70
Bees/insects/flying animals 40 27 67 53 20 47 93 87 67 80 58
Infected plants/planting materials 47 33 0 47 40 27 0 7 73 87 36
Grazing animals 20 13 0 33 33 13 20 33 87 0 25
Infected soil 7 0 0 0 7 0 0 0 53 80 15
Undecomposed banana wastes 7 0 0 0 0 0 47 60 20 0 13
No idea 0 27 13 0 0 7 0 0 0 7 5

BXW control awareness
Uprooting infected banana 100 53 100 60 67 53 100 80 87 100 80
Burying /burning infected materials 40 7 80 33 60 40 67 53 53 73 51
Sterilization of farm tools 47 0 73 33 33 40 47 53 53 73 45
Removal of the male bud 73 33 80 93 40 47 100 80 73 93 71
Avoidance of sharing farm tools 33 33 47 27 20 47 33 13 53 73 38
Rotation with other crops for 2 years 13 0 0 0 0 0 7 0 0 47 7
Avoid movement of banana plants 20 0 80 73 0 0 0 0 73 87 33
Use healthy suckers 47 13 0 0 0 0 7 0 47 0 11
No idea 0 27 0 7 7 13 0 7 0 0 6

B. Farmers practicing control measures (%)

Symptomatic plant removal 80 53 100 60 67 53 100 80 87 100 78
Whole mat removal 47 27 40 13 27 27 20 33 47 60 34
Male bud removal 73 33 80 60 33 47 80 80 67 93 65
Burying/burning infected residues 20 7 53 33 33 40 60 33 53 40 37
Tools sterilization with fire or JIK 20 0 67 33 27 40 33 47 20 53 34
Avoid sharing tools 33 33 33 13 20 47 47 27 53 73 38
Avoid exchange of planting materials 20 0 0 0 0 0 80 73 73 87 33
Use suckers from certified multipliers 7 0 0 0 0 0 20 20 13 27 9

C. Source of knowledge for BXW (%)

Agronomists 40 13 27 40 80 67 53 80 67 60 53
Brochures 13 0 0 0 20 33 20 27 7 0 12
Extension officer 53 0 13 7 13 7 40 53 20 33 24
Fellow farmers 80 53 73 93 80 93 100 87 100 80 84
Local leader 40 13 33 27 33 47 73 73 87 100 53
MINAGRI staffs 0 0 20 0 0 0 27 13 20 27 11
News papers 0 0 0 0 0 0 0 0 0 0 0
NGOs 7 0 7 0 0 0 0 0 20 27 6
Parents/relatives 27 27 40 60 73 13 33 20 47 33 37
Posters 0 13 0 0 0 0 40 60 33 40 19
RAB scientists 20 0 13 0 0 0 40 20 53 27 17
Radio 13 7 20 7 0 0 7 20 7 0 8
Researchers 13 0 0 0 0 0 20 0 7 20 6
Television 0 0 0 0 0 0 0 0 0 0 0
Training 13 0 0 0 0 0 0 0 27 53 9

aBXW banana Xanthomonas wilt, MINAGRI Ministry of Agriculture and Animal Resources, NGO’s Non-Government Organizations, RAB Rwanda
Agriculture Board. b Surveyed districts are Nyam Nyamagabe, Rul Rulindo, Gic Gicumbi, Nyab Nyabihu, Mus Musanze; Rwam Rwamagana, Kay
Kayonza, Rus Rusizi, Nyke Nyamasheke
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bananas and leaving them in the farm create a place for the
bacteria to survive and potentially spread by rainwater
(Shimwela et al. 2016). Some disease management practices
are common in some districts and rarely practiced in others
(Table 2B). For instance, the avoidance of exchanging plant-
ing materials is practiced by 73 to 87% farmers in major ba-
nana growing districts and 20% farmers in Huye but not im-
plemented in other districts. This could be due to the impor-
tance that the farmers attribute to the crop or that the farmers
are unaware of management methods, as observed in
Nyamagabe where none of the farmers is aware of tools ster-
ilization for management of Xanthomonas wilt and hence the
method is not practiced.

3.3.3 Source of knowledge of banana Xanthomonas wilt

The knowledge source plays an important role in the quality of
displayed information. The major source of knowledge in this
study is fellow farmers (80%) followed by local leaders (53%)
and agricultural officers (53%) (Table 2C). If the information
providers have wrong or incomplete information, the shared
information is incorrect. The farmers that received informa-
tion from trusted sources like extension officers, researchers,
Rwanda Agriculture Board Scientists, MINAGRI, and NGOs
are limited and these sources mainly reached farmers in the
major banana growing districts. And some farmers (13% in
Huye, 27% in Rusizi, and 53% in Nyamasheke districts) re-
ceived trainings by Rwanda Agriculture Board staffs,
MINAGRI, and local NGOs. None of the surveyed farmers
received information from television or newspaper. These
findings indicate the need to improve the information distri-
bution channels and the quality of information used, to ensure
that the accurate information reaches the farmers who are the
final implementers. Among the agricultural extension officers
that provided information to the farmers include the facilita-
tors in agriculture and farmer promoters who operate under
the “Twigire muhinzi” extension program already in place in
Rwanda (Anonymous 2016). These farmer field school facil-
itators and farmer promoters reach a big number of farmers,
speak in their language, and sensitize farmers in several as-
pects of good farming practices (Anonymous 2016). Hence,
they are good communicators but need consistent trainings
and updates on specific aspects like detection, spread, and
management of emerging diseases. Moreover, local leaders
and agronomists, who are also shown as important providers
of information to farmers in this study, need to be well
equipped with a complete package of information about
Xanthomonas wilt management or any other emerging dis-
ease, and they should be facilitated with a specific budget in
order to reach the farmers on time.

Our study shows that the disease has increased since the
previous report in Rwanda (Night et al. 2013) and has spread
to new areas. We demonstrated for the first time the

seriousness of Xanthomonaswilt in the major banana growing
districts of Rwanda. This will cause considerable impact on
food security and call for reinforcement of disease manage-
ment and information distribution. The disease could be con-
trolled by applying properly the control measures as a package
(Blomme et al. 2017). The association we found that cultivars
mixture is associatedwith low severity ofXanthomonaswilt is
useful for developing sustainable management strategy for the
disease.

4 Conclusions

Banana Xanthomonas wilt continues to be an important threat
to banana in Rwanda and the Great Lakes region of East and
Central Africa where banana is an important crop. By com-
bining disease survey and interviews, this study identified
several factors that influence banana Xanthomonaswilt occur-
rence in Rwanda: agro-ecological locations; farming practices
like cropping systems, spacing, banana types, and grown cul-
tivars; farmers’ knowledge; application of disease manage-
ment; and information distribution channels. Future
Xanthomonas wilt management extension efforts should take
into consideration the effects of practices like intercropping,
dense spacing, and homogeneity in grown cultivars on high
disease occurrence and the agro-ecological zones in high risk
of disease. We reported for the first time the link between
cultivars mixture and low disease severity. These findings
should be utilized by planners as a basis to develop sustainable
disease management approach.

Considering the observed high occurrence ofXanthomonas
wilt in major banana growing areas, and the importance of
banana to the livelihood of farmers, there is a need to improve
the implementation of management methods as a complete
package. It is essential to enhance the information used by
information distribution channels in order to ensure that the
right information reaches the farmer. All stakeholders includ-
ing farmers need to work jointly together to address this prob-
lem. Supporting early detection of the disease and exchanging
information rapidly in order to make quick and appropriate
decisions about control strategies will help to reduce the im-
pact of the disease. Moreover, involving banana farmers in
disease surveillance, extension, and decision-making would
motivate them to own the problem.
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