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Pests and diseases greatly contribute to the decline in banana yields, food and income insecurity in the
Great Lakes region of Africa. Understanding people’s role in pest and disease spread at landscape level
is crucial for effective pest and disease management. To determine this, focus group discussions
(FGDs) targeting 10 experienced farmers (50% female and 50% male) were conducted in 27 villages
along four banana trade routes in western Burundi and eastern DR Congo. FGDs determined the
presence and risk of spread of key banana pests and diseases via the movement of banana bunches,
planting material and other products, labourers, traders and farm tools. Black leaf streak (BLS),
Fusarium wilt and banana bunchy top disease (BBTD) were reported to have been in the landscape for
over 40 years while Xanthomonas wilt (XW) was a more recent introduction (1-7 years). BBTD, XW and
weevils were the most prevalent constraints. BBTD was observed at previously unsuitable high-altitude
zones, which should be a cause of concern, especially with the current risk of climate change. Climate
change, and linked temperature increases, could also worsen the prevalence of XW, weevils,
nematodes and BLS. Movement of farming tools by labourers and traders, of planting material/suckers
and banana bunches emerged as the most common human practices potentially responsible for the
spread and/or build-up of banana pests/diseases. Strengthening farmer’s knowledge and institutional
capacities of actors on these different modes of disease spread in banana value chains in the region is
recommended.
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INTRODUCTION

In the African Great Lakes Region (AGLR), bananas and plantains (hereafter banana) play a very important social
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and economic role (Baret and Van Damme, 2010). In the
Democratic Republic of the Congo (DR Congo), banana
production area covered about 1.2 million ha, with a total
production of 5.1 million tonnes of banana in 2018 (FAO,
2019). In Eastern DR Congo, representing one of the
main banana production zones, bananas are consumed
daily by about 70% of the population in various forms,
including traditional banana beer (Mukwa et al., 2015). In
Burundi, banana is the most widely produced crop, with
an annual production of 1.7 million tonnes on an
estimated production area of 208,603 ha in 2018 (FAO,
2019), accounting for 17 to 20% of arable land and about
45% of Burundian crop production (FAO, 2019).

Grown on small areas around homesteads, bananas
play a multifunctional role for banana-based households
in the AGLR (Ndungo et al., 2008; Kamira et al., 2014;
Ocimati et al.,, 2018a). In the DR Congo and Burundi,
bananas contribute enormously to food security and
nutrition of millions of people. They are an important
source of vitamins and minerals, while providing more
than half of calories consumed daily in these countries
(IITA, 2015). Bananas also represent a vital source of
regular income to households in the east and central
African region. This income helps farmers cover
important expenses such as school fees and health-care
related costs (Baret and Van Damme, 2010) and enables
the rural poor to take on a greater number of social roles
in their communities (IITA, 2015).

However, in recent years, banana production and area
planted have declined between 20 and 60% in DR Congo
(Mobambo et al., 2010) and between 20 and 50% in
Burundi (Actualitix, 2016). Pests and diseases greatly
contribute to these declines (Kamira et al., 2013; Blomme
et al., 2014; Niyongere et al., 2015). The main pests
include nematodes, particularly endo-parasitic ones, like
Radopholus similis and Pratylenchus species and weevils
(Cosmopolites sordidus) (Kamira et al., 2013). The
common diseases include Xanthomonas wilt of banana
(caused by the bacteria Xanthomonas vasicola pv.
musacearum, Xcm), black sigatoka or black leaf streak
(BLS) (a foliar disease caused by the fungus
Pseudocercospora fijiensis, formerly: Mycosphaerella
fijiensis), Banana Bunchy Top Disease (BBTD) caused
by the banana bunchy top virus (BBTV) and transmitted
by the banana aphid (Pentalonia nigronervosa), Fusarium
wilt or Panama disease (a wilt disease caused by the
fungus Fusarium oxysporum f. sp. cubense) and Banana
Streak Virus (BSV).

These pests and diseases represent significant threats
to banana production and have the potential to devastate
entire plantations, which equates to crippling reliable
livelihood(s) with serious consequences on household
incomes and food security. Preventing losses due to
pests and diseases can be achieved if the importance of
various mechanisms of spread is known.

Given the importance of banana, banana products are
regularly traded across the region. While some banana

diseases are spread abiotically (e.g. black leaf
streak/black sigatoka ascospores being blown from plant
to plant in a field by the wind (Ploetz, 2001) or Fusarium
wilt spores travelling in surface water from an infected
area to new areas along drainage ditches (Hwang and
Ko, 2004), most diseases and pests can and are readily
spread by other factors. Contaminated planting material
or plant parts (e.g. banana leaves used to wrap foods) as
well as tools or footwear of workers exiting contaminated
fields, can carry pathogens, their spores or pests directly
or in soil adhering to them. Pest and disease spread
through infected planting materials is also common in the
region. Environmental factors such as altitude and/or
temperature effects, precipitation and vegetation cover
have also been reported to directly or indirectly impact on
the severity of these pests and diseases in the region.
For example, above 1,600 m, the banana weevil (C.
sordidus) does not multiply well (Gold and Messiaen,
2000) while the banana aphid (P. nigronervosa) has been
reported not to transmit the banana bunchy top virus as
efficiently as it does at lower altitudes (Niyongere et al.,
2012). Insect vector transmission of Xcm also declines
with increasing elevation (Shimelash et al., 2008;
Rutikanga et al., 2015), as insect populations and levels
of insect activity significantly decline. The nematode R.
similis is known to thrive at altitudes below 1,400 m, but
their numbers and vigour drop off at higher altitudes
(Speijer and De Waele, 1997). Climate change is thus
likely to influence disease and pest spread, prevalence
and incidence levels. For example, an increase in
temperature could increase, at higher elevations, aphid
transmission of BBTV and insect-mediated spread of
Xem. The potential interaction of human activities with
changes in the climate could thus profoundly undermine
the current benefits of low disease pressure and/or
slower disease spread in the high-altitude sites.

Against this background, there is an outstanding need
to assess the potential risk for the spread of these pests
and diseases across banana production landscapes in
the AGLR, especially in zones with altitude gradients.
This need arises from the experience of outbreaks of
many banana diseases over the last decades and their
persistence in the affected landscapes. Information on
banana pest and disease spread at a landscape level
and the extent of the role of human agents in this spread
is not well known. This study assessed the risk of banana
pests and diseases spreading along four banana trade
routes in western Burundi and eastern DR Congo. More
specifically, the objectives were to: (i) identify the banana
pests and diseases present in the study area and (i)
assess their potential to spread via the movement of:
banana products along trade routes, labourers and their
tools, taking into account the possible effect of altitude on
their presence and spread.

These case studies are expected to provide reliable
evidence on current disease/pest presence and an
understanding of the risk of spread through human
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Figure 1. Map of study area with villages along the banana trade axes marked.

agents at landscape level in western Burundi and eastern
DR Congo. The findings of the study will serve as a basis
for suggesting management options which can reduce
the risks of pest and disease spread across banana
producing landscapes in the AGLR.

MATERIALS AND METHODS

This study was carried out along four banana trade axes, two in
western Burundi and two in eastern DR Congo (Figure 1). This

study determined the presence and the risk of spread of the most
common and important banana pests and diseases, via the
movement of banana bunches, other banana products (e.g. leaves
for packaging, suckers for planting), labourers, traders and farm
tools.

In eastern DR Congo, the pest risk assessment was conducted
along two trade axes that run from lowland production regions in
South Kivu Province towards the town of Bukavu (1,498 m) — the
main banana consumption centre. In South Kivu, bananas are an
important crop and cover 20 to 30% of cultivated land (Neyrinck,
2011). The first axis Mwenga-Bukavu starts from the village of Kibe
(685 m) in Mwenga territory and moves towards Kasiru (1,996 m) in
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Kabare territory; the Lubarika-Bukavu axis goes from the village of
Lubarika (927 m) in Uvira territory to Mabijo (1,740 m) in Kabare
territory (Figure 1).

In contrast, in Burundi, the two banana trade axes ran from high
to low altitude production areas. These 2 axes are at a distance
from the main market of Bujumbura, though products of the high-
altitude zones are transported to Bujumbura through the lowland
zones along Lake Tanganyika and the Rusizi valley. The Rumonge
axis goes from the village of Gabaniro (799 m) to Muhowe (1,841
m), both in Muhuta province. The Cibitoke axis goes from the
village of Munyika-1 (906 m) in Rugombo province to Mpinga
(1,713 m) in Mabayi province (Figure 1). These 2 axes in Burundi,
in contrast to the DR Congo axes, are located along shorter but
very steep altitude gradients. The gradients for Cibitoke and
Rumonge axes are 32.1 and 172 m/km, respectively, compared
with -13.7 and -5.6 m/km for Lubarika and Mwenga, respectively.

Focus group discussions (FGDs) were carried out in a total of 27
villages along the 4 trade axes and the average distance between
the villages was 15 km. The location (country and territory/province;
axis) and altitude of these villages are presented in Supplementary
Table S1 and Figure 1. In each village, 10 farmers (50% female;
50% male) who had been active in banana production and/or trade
and aged between 30 and 80 years were selected to participate in
the FGDs. It was assumed that these farmers had a rich experience
and good knowledge of banana production and marketing activities
in their respective regions. The geographical position of each
village/ FGD was recorded using a hand-held GPS at a precision of
approximately 10 m (Figure 1 and Supplementary Table S1).

Structured questionnaires were used to guide the FGDs. In
addition, the FGD facilitators used a checklist to elicit information on
the characteristics and management of their banana farms, key
biotic constraints and trade related practices. Where necessary,
participants were probed to triangulate responses and caution was
taken to foster participation of all FGD participants. With respect to
farm characteristics and management, farmers provided information
on whether banana was predominantly intercropped or grown as
sole crops across the village; grown for food or sold on the market,
or both; and the role of men and women in banana farming. FGDs
also provided information on the type and sources of labour used
within villages; distance labourers travel; use in space and time of
farm tools and associated tool sanitation practices; banana cultivars
grown, and planting material types used. For the biotic stresses, the
FGD participants were presented with images of disease/pest
symptoms and/or illustrations of common pests, and were asked to
confirm their presence in their landscapes. In addition, they were
asked when a biotic constraint was first observed or reported. The
FGDs also reported on the key management practices used within
their landscapes for managing the abiotic constraints and their
access to extension services. Through the FGDs, the risk of
disease spread through trade was also explored. The FGD
participants reported about the banana products traded, frequency
of trade, distance to markets, and sanitation practices applied by
farmers and traders on farm.

The actual presence of diseases and pests in the village was
confirmed by experienced and trained researchers through on farm
assessments on randomly selected farms. FGD participants were
not informed in advance of the subsequent field assessments to
avoid bias in the responses. In each of the villages, small plots of
fifty banana mats made known to have these constraints were
selected and examined, depending on reported presence, for
visible symptoms of Fusarium wilt, BBTD, black sigatoka and XW.
The number of infected mats was recorded and used to compute
the percentage of infected mats per plot. Nematode and weevil
damage was assessed on 5 mats per village. Nematode damage
was assessed following the procedure described by Speijer and De
Waele (1997) to calculate the root necrosis index. Banana roots in
a 25 x 25 x 25 cm cube section, 10 cm from the plant pseudostem
were dug out for nematode cord root damage assessment. Five

functional cord roots were randomly selected per sampled plant,
trimmed to 10 cm length, sliced lengthwise and percentage root
necrosis in the exposed cortical tissue scored. Each of the five 10
cm root piece accounted for a maximum necrosis score of 20%,
thus totaling to a necrosis score of 100% (Speijer and De Waele,
1997).

Banana weevil rhizome/corm damage was assessed on 5
harvest-ready mats, using a scale of 0 to 3, where 0: no damage, 1:
slight damage (<10% rhizome cross section covered with weevil
larvae tunnels), 2: moderate damage (11-30%) and 3: severe
damage (>30% tunnel coverage).

The risk of the spread or introduction (entry and establishment) of
pests and diseases in the study area was assessed using
information related to the movement of banana products, labourers
and traders, distances products move or people travel from infected
areas, as well as presence and importance of hosts and other
possible pathways by which pests and diseases can spread.

Quantitative information provided during FGDs or collected
through on farm assessments to quantify the prevalence and
damage levels of banana pests and diseases was directly analyzed
to generate descriptive statistics using STATA version 14
(StataCorp, 2015). The qualitative information was used to explain
the quantitative information after being summarized/synthesized
with MS Excel. Regressions of the dependent variables
(disease/pest incidence and prevalence) against altitude were
conducted using the MS excel package.

RESULTS
Importance of banana

The importance of banana varied greatly from axis to
axis, with banana ranked as the main crop in most of the
villages along the Lubarika (67%) and Cibitoke axes
(83%) compared with only 22% and 17% of villages along
the Mwenga and Rumonge axes, respectively. In the
study region, bananas are grown on a semi-commercial
scale and are often produced for both cash (sale of
bunches and banana beer) and food. In Lubarika and
Cibitoke, 100% of the villages grew banana for both food
and income. In Mwenga, 22% of the villages solely grew
bananas for food, with the others growing for both food
and income. In Rumonge, in contrast, 33% grew bananas
solely as a cash crop, with the other 77% growing the
crop for both food and income.

Banana pests and diseases

The key banana diseases that include BBTD, XW and
two fungal diseases (BLS and Fusarium wilt) were
encountered in nearly all the studied axes. Pests
encountered included the banana weevil and nematodes.
Nematodes were not identified to the species level in this
survey, though Pratylenchus goodeyi is known to
dominate in East African Highland banana production
systems (Gaidashova et al., 2009; Kamira et al., 2013).
For all pest and disease constraints, no significant
associations (R2 <0.1) were observed with the altitude.
The oldest banana disease in the area in accordance
with farmers’ reports was BLS (64 years), followed by
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Table 1. Pests and diseases as recognized by farmers and in brackets the time they have been present on their farms or landscape. Data were
collected through Focus Group Discussions (FGDs) in villages located in different altitude ranges along four banana trade axes in eastern DR
Congo and western Burundi.

Banana pests and diseases (% villages/FGDs reporting)

Road axis Altitude No. of Fusarium Banana
range (m)  FGDs BBTD* XW* BLS* , ; Nematodes**
wilt weevils
<900 2 100.0 #(20.5) 0.0 0.0 100.0 (19.5)  100.0 (22.0) 0.0
900-1200 2 100.0 (30.0) 0.0 0.0 50.0 (44.0)  100.0 (18.5) 50.0
Mwenga 1200-1500 3 100.0 (18.0) 0.0 33.3(9.0) 33.3(54.0)  66.7 (12.5) 33.3
>1500 2 100.0 (14.0) 50.0 (1.0) 100.0 (64.0) 50.0 (14.0) 0.0(-) 0.0
Mean 9 100 12.5 33.3 58.3 66.7 20.8
<900 0 - - - - - -
900-1200 2 100.0 (45.0)  100.0 (1.5) 50.0 0.0 0.0 (50.0) 0.0
Lubarika 1200-1500 1 100.0 (26.5) 100.0 (1.0) 0.0 0.0 0.0 0.0
>1500 3 100.0 (21.5)  66.7 (4.5) 0.0 33.3 (5.0) 33.3(36.3) 0.0
Mean 6 100.0 88.9 16.7 11.1 11.1 0.0
<900 1 100.0 (39.0)  100.0 (5.0) 0.0 0.0 100.0 (43.0) 0.0
900-1200 1 100.0 (15.0) 100.0 (3.0) 100.0 0.0 100.0 (50.0) 0.0
Rumonge  1200-1500 0 100.0 (25.0)  100.0 (7.0) 0.0 0.0 100.0 (30.0) 0.0
>1500 4 100.0 (17.3)  100.0 (2.7) 0.0 0.0 100.0 (36.3) 33.3(41.0)
Mean 6 100.0 100.0 25.0 0.0 100.0 8.3
<900 0 - - - - - -
900-1200 4 100.0 (29.3)  100.0 (3.7) 0.0 25.0(19.0)  50.0 (26.0) 0.0
Cibitoke 1200-1500 0 - - - - - -
>1500 2 100.0 (40.0)  100.0 (3.5) 0.0 50.0 (40.0) 0.0 0.0
Mean 6 100.0 100.0 0.0 375 25.0 0.0
Overall mean 27 100.0 75.4 18.7 26.7 50.7 7.3

**Nematodes were not identified to genus or species level. *BBTD: Banana Bunchy Top Disease; XW: Xanthomonas wilt of banana; BLS: Black Leaf
Streak. “-”: no observation as there were no villages within this altitude range along the axis.

Fusarium wilt (54 years) and BBTD (45 years). XW was a
more recent introduction in the area (1-7 years) (Table 1).
Based on FGDs, BBTD was the most widespread
disease (100% of the villages visited (Table 1). XW and
weevils were also frequently mentioned. Fusarium wilt,
black sigatoka and nematodes were much less frequently
reported (Table 1). Along the Mwenga axis, XW was
reported only for sites above 1500 m. This can be
attributed to the fact that the XW outbreak in DR Congo
first occurred in the eastern high-altitude areas around
Masisi and is currently spreading westwards in the
direction of the low-lying altitudes (Ocimati et al., 2019).
In contrast, XW was reported at all sites along the
Lubarika, Rumonge and Cibitoke axes (Table 1). In the
DR Congo, BLS was reported in villages above 1200 m
along the Mwenga axis, and only in those below 1200 m
along the Lubarika axis. In Burundi, black sigatoka was
only reported in villages between 900 and 1200 m in the
Rumonge axis, and not at all along the Cibitoke axis.
Fusarium wilt was reported in all altitude ranges along the

Mwenga and Cibitoke axes, but only above 1500 m along
the Lubarika axis and not at all along the Rumonge axis
(Table 1). Banana weevils were reported in all villages
along the Rumonge axis, in those below 1200 m and two
thirds of those at 1200 to 1500 m along the Mwenga axis,
and to a much lesser degree along the two other axes.
On average, less than 8% of villages reported having
observed the symptoms of nematodes, with only farmers
located in villages between 900 and 1500 m along the
Mwenga axis and those above 1500 m along the
Rumonge axis reporting having observed nematode
characteristic symptoms (that is, plant toppling) (Table 1).

Field assessments revealed BBTD to be present
throughout the sites, within every altitude range though
not in every village (Table 2). No XW infected plants were
observed on farms in the villages along the Mwenga axis,
while incidences ranging from 1 to 50%, were recorded in
villages along the Lubarika, Rumonge and Cibitoke axes
(Table 2). For the most part, FGD results and field
observations of diseases such as BBTD, black sigatoka
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Table 2. Pests and diseases recorded during researcher-led field assessments in villages located within different altitude ranges along the
studied banana trade axes in eastern DR Congo and western Burundi. Field assessments in a landscape were conducted after the focus

group discussions.

. Altitude No. of Banana pests and disease incidence (%) Nematode root
Road axis . - - - P
range (m) Villages BBTV*  XW* BLS* Fusarium wilt Banana weevils necrosis index**
<900 2 35.0 0.0 0.0 15.0 20.0 0.1
900-1200 2 70.0 0.0 0.0 70.0 60.0 0.6
Mwenga 1200-1500 3 31.7 0.0 30.0 5.0 65.0 3.6
>1500 2 27.5 0.0 10.0 20.0 - 3.3
Mean 9 41.1 0.0 10.0 275 48.3 1.9
<900 0 - - - - - -
900-1200 2 25.0 25.0 5.0 0.0 0.0 2.0
Lubarika 1200-1500 1 10.0 1.0 0.0 0.0 0.0 25
>1500 3 11.3 1.0 0.0 1.0 20.0 45
Mean 6 154 9.0 17 0.3 6.7 3.0
<900 1 5.0 15.0 0.0 0.0 10.0 7.4
900-1200 1 10.0 50.0 40.0 5.0 20.0 1.0
Rumonge  1200-1500 0 20.0 40.0 0.0 0.0 5.0 0.6
>1500 4 18.3 28.3 0.0 0.0 11.7 1.0
Mean 6 13.3 33.3 10.0 1.3 11.7 25
<900 0 - - - - - -
900-1200 4 11.3 5.0 0.0 20.0 12.0 2.0
Cibitoke 1200-1500 0 - - - - - -
>1500 2 5.0 50.0 0.0 15.0 0.0 2.0
Mean 6 8.2 275 0.0 175 6.0 2.0
Overall mean 19.5 17.5 5.4 11.6 18.2 2.4

**Nematode presence was inferred from the Root Necrosis Index, as described in Speijer and De Waele (1997). *BBTD: Banana Bunchy Top
Disease; XW: Xanthomonas wilt of banana; BLS: Black Leaf Streak. “-”: No observation as there were no villages within this altitude range along

the axis.

and Fusarium wilt overlapped, though the proportion
reported by the FGDs was always greater than that
observed in the field by scientists across all the sites and
altitude ranges. Banana weevils were observed on plots
across sites, including in areas where farmers had not
reported seeing them in the past (Table 3). Mean
nematode damage varied between 0.1 and 7.4% across
the transects, with the highest nematode damage
observed along the Rumonge axis (Table 2). No
nematode damage was observed in Lubarika. Along the
two other axes, nematodes were only found in a few plots
within a single altitude range (Table 2). As for the reports
given by farmers during the FGDs, the field pest and
disease prevalence and incidence values were not
influenced by the altitude (R* <0.1).

Risks of pest and disease spread and establishment
due to human practices

Disease and pest spread, and establishment can be

influenced by several agronomic practices that include:
planting material type and movement, crop mixtures,
cultivar diversity on farms and the use and management
of farming tools.

Planting material type and movement

Planting materials play a critical role in the spread of
banana pests and diseases. Access to clean and safe
planting material was found to be a challenge across all
the axes studied. Farmers predominantly used suckers to
establish new fields or fill gaps in established fields, and
no nurseries producing clean planting materials were
present in the study area. Most farmers obtained suckers
from their own farm (Table 3), though many farmers also
obtained suckers in exchange for other goods, especially
those in villages along the Cibitoke axis. Only in villages
along the Rumonge and Mwenga axes do farmers buy
suckers, with farmers in Mwenga purchasing suckers of
all four banana types. The farmer’s willingness to pay for
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Table 3. Percentage of communities (represented by FGD groups) along the banana trade axes in eastern DR Congo and western Burundi who
obtain suckers of various banana types from different sources, are willing to pay for clean planting material and the price they would pay for that
material.

% of communities who obtain suckers:

% of communities Price farmers are willing

Road axis (n) ?ar;ana From own As a In From willing to pay for clean to pay for aclean
P farm gift exchange merchant planting material planting material (US$)
Beer 7.7 555 44.4 0.6 44.4 0.59
Mwenga (9) Cooking 7.7 22.2 555 1.3 555 1.33
g Dessert 555 7.7 44.4 1.0 44.4 1.03
Plantain 555 555 22.2 1.0 22.2 1.03
Beer 100.0 0.0 50.0 0.6 50.0 0.58
. Cooking 83.3 0.0 50.0 0.4 50.0 0.36
Lubarika (6
ubarika (6)  peqsert 100.0 0.0 333 0.4 333 0.36
Plantain 100.0 0.0 33.3 0.4 33.3 0.36
Beer 83.3 0.0 16.7 0.2 16.7 0.19
Rumonge (6) Cooking 66.7 16.7 16.7 0.4 16.7 0.41
g Dessert 83.3 0.0 16.7 0.2 16.7 0.19
Plantain 33.3 16.7 0.0 0.0 0.0 0.0
Beer 50.0 0.0 83.3 0.2 83.3 0.20
_ Cooking 83.3 0.0 83.3 0.2 83.3 0.20
Cibitoke (6
ibitoke (6)  pegsert 50.0 0.0 83.3 0.6 833 0.55
Plantain 50.0 0.0 66.7 1.8 66.7 1.75

clean banana planting material was very high in Cibitoke
(67-83%), moderate in Mwenga (22-56%) and Lubarika
(33-50%) and low in the Rumonge (0-17%) axis (Table
3). Along the Mwenga axis, farmers were willing to pay
from $0.59 to $1.33 for a clean planting material,
depending on the banana type. The highest price for
clean planting material was recorded for plantains ($1.75)
along the Cibitoke axis. Elsewhere, farmers were only
willing to pay lower prices for clean banana planting
material, varying from $0.19 to $0.60 (Table 3).

About 81% of the Focus Groups reported that the
planting material used came from within the village in
which the farmers live (Table 4), while 25% reported that
planting materials were obtained from within their parish,
11% from within their district, 4% from within the province
and 3% from a neighbouring country. Though the 4 axes
were located close to the border between Burundi and
the DR Congo (Figure 1), not much cross-border sucker
trade occurred. Some farmers travelled considerable
distances to acquire suckers of specific banana types
(e.g. Mwenga farmers travelled up to 50 km for beer
banana suckers), while others barely travel at all,
sourcing their suckers mostly from their own fields or
neighbours in the village (e.g. farmers living along the
Lubarika axis) (Table 4). The size of the area (from
vilage to country) from which planting material is
obtained greatly increases the chances of spreading
diseases and pests over large distances.

Risk factors related to crop mixtures

On average, 76% of villages reported to intercrop banana
with other crops (89% in Mwenga, 50% in Lubarika, 67%
in Rumonge and 100% along the Cibitoke axis). The
crops most frequently intercropped with bananas along
the trade axes were legumes (71%) and tuber crops
(68%) (Figure 2). No relationship was however observed
between the intercropping practices and the prevalence
of the pests and diseases.

Diversity of cultivars grown

Communities in visited villages grew a wide diversity of
banana and plantain cultivars. The total number of
cultivars grown varied between 20 and 58 across the
axes (Table 5), while it varied between 6 and 18 per
sampled village. In east DR Congo, the number of
banana cultivars grown along the two axes was very
dissimilar (58 in Mwenga vs. 21 in Lubarika). Of the
banana cultivars grown in the DR Congo, plantains (36%)
and beer types (38%) were the dominant banana types in
Mwenga and Lubarika, respectively.

Along the Rumonge and Cibitoke axes, the beer (50%)
and cooking (38%) banana cultivars, respectively, were
the most abundant (Table 5). The green cooking cultivars
are predominantly east African highland (Musa AAA)
types. The predominant beer types comprised of the east
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Figure 2. Occurrence (%) of various crops intercropped with bananas in plots along four studied banana trade axes in eastern DR Congo

and western Burundi.

African highland banana types (in the high-altitude areas
of Mwenga, Lubarika, Rumonge and Cibitoke axes),
Musa ABB types (low altitude sites of Rumonge and
Cibitoke axes) and km5 (Musa AAA) in the Cibitoke axes.
The common dessert types included the Cavendish
(Musa AAA), Gros Michel (Musa AAA) and apple
bananas (Musa AAB).

Risks related to labourer and tool movements

Labour types (family or hired) varied across all the four
axes. Only 33.3% of communities along the Mwenga axis
reported using hired labour exclusively. Family labour
exclusively and/or both types of labour sources combined
were more prevalent across the road axes. Exclusive use
of family labour occurred in 67, 50 and 17% of
landscapes in Mwenga, Rumonge and Lubarika,
respectively, while a combination of both family and hired
labour occurred in 100%, 83% and 50% of the
landscapes in Lubarika, Cibitoke and Rumonge.

The type (family or hired), source and movement of
labour can increase the probability of spreading some

diseases and pests, especially as labourers often move
with their own tools from infected to non-infected areas.
Between 33 and 100% of villages across the 4 study
transects used hired labour from other Vvillages/
communities in their banana plots (Table 6). The furthest
distance the hired labourers travelled varied between 10
and 35 km. Risky practices of lending farming tools (83-
100%) and joining labour groups (50-100%) were
common across all the sites and can potentially expose
non-infested plots to contamination.

Pest and disease risks related to banana product
trade

The analysis of the movement of banana products via
trade transactions focused on suckers, bunches, leaves,
fibres, as well as handicrafts with attention to the way
pathogens can be spread. Results revealed that banana
bunches (100% of sites) and suckers (0-33%) were the
main banana products traded (Table 7). Banana leaves,
fibres and handicrafts were not found for sale or traded in
the local markets or at the farm gate. The local markets



within villages and parishes were the main destination of
the banana bunches and suckers (Table 7).

The distance of markets for banana bunches were on
average (56% of the villages) within one km of the
villages (Table 8). Longer distances were travelled along
the Mwenga and Rumonge transects to sell banana
bunches (Table 8). Banana suckers were only traded
along the Mwenga and Lubarika road axes, with all the
trade occurring within a 0 to 5 km radius of the villages.

Even though banana is traditionally a man’s crop in the
study area, both men and women are involved in banana
product marketing (Table 9). For example, in the eastern
DR Congo transects, between 50 and 100% of villages
reported that women play an important role in marketing
bunches, compared to between 33 and 50% in Burundi.
As for suckers only women were involved along the
Mwenga transect whereas few men traded suckers in the
Lubarika transect (Table 9).

The frequency of transactions was high for banana
bunches while very low for suckers (Table 10). Between
67 and 83% of the communities reported trade in banana
bunches once or twice in a week across the four
transects. In contrast, 85% of the communities did not
trade in suckers, with half of those that reported to trade
in suckers, transacting once over the period in which
suckers are actively planted. This is probably explained
by the fact that commercialization of suckers is still
limited, with most farmers being reliant on suckers from
their own farms or from within their village (c.f. Table 3). It
is also not common for small-scale farmers in the
highland zones to sell or buy planting materials. At low
elevation sites along the Mwenga axis cooking and
plantain suckers were traded, while in the lowland sites
along the Lubarika axis plantain and FHIA suckers were
the predominant planting materials traded.

Potential role of traders in disease spread

Trade through either the movement of products and/or
harvesting of bunches and suckers by traders have been
reported to also contribute to disease spread. Along the
four transects in this study, 33, 66.7, 100 and 66.7% of
the communities in Mwenga, Lubarika, Rumonge and
Cibitoke axes, respectively reported that traders use own
tools to harvest banana bunches and to a much lesser
extent suckers from their farms. More still, traders were
reported to most often not sterilize their tools in between
farm visits, a measure that is crucial for the control of XW
spread.

Access to extension support

Access to knowledge and information on disease
epidemiology and management is very important for
minimising the risks associated with spread of pests and
diseases. Access to extension services was low in
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Mwenga (33%) and very high in the other three road axes
(83-100%) (Table 11). However, the frequency of access
within a year was generally very low (2-5 times a yeatr),
with the highest frequency recorded for the Mwenga axis.
Some of the communities along the Mwenga axis (22%)
also had community by-laws, action plans and disease
control committees. The presence of several international
NGOs along the Mwenga axis might have contributed to
the higher-level of contact with extension bodies and the
use of by-laws/action plans and committees (Table 11).
Except for Lubarika (11 km), distances to offices of
extension bodies were short (1-3 km).

DISCUSSION

Pest and disease prevalence across four trade axes
along low-high altitude gradients

BBTD which arrived in the central African rift valley region
over 60 years ago (initially at the INEAC Lubarika
Research Station in eastern DR Congo) (Blomme et al.,
2013) is omnipresent in the study regions, including the
high-altitude sites above 1500 m. This is supported by
the low regression observed in the study between BBDT
incidence and altitude. For long it had only been reported
at low- to mid-elevation sites (<1500 m). The observed
high prevalence of the disease at the high elevation sites
above 1500 m in this study is of concern as the disease
may gradually invade the high-altitude banana production
zones of east and central Africa adjacent to the rift valley
depression, especially under changing climatic
conditions. BBTD is mainly spread through banana
aphids and planting materials (Niyongere et al., 2012,
2015). Aphid-mediated spread at high altitudes is
reported to be negligible (Niyongere et al., 2012, 2015).
Given that the disease has been present in the study
sites for 15 to 45 years, the observed spread to and
within the high altitudes could be mainly attributed to
short distance spread through infected planting materials
which must have gradually occurred over numerous
years. The weak extension support in the study locations
over past decades could have only contributed to this
spread. Farmers in the study region relied entirely on
planting material from their own farms or their
neighbourhood (on average 9 km) (cf. Table 4). Labour
exchange between communities was common and
labourers often move around with suckers from high-
yielding cultivars that are not yet present on their farms or
from highly-marketable cultivars. Xanthomonas wilt
disease, though a more recent introduction (between 1
and 7 years), is already widely spread across most
sections of all axes in the study region and is a cause of
great concern. The rapid spread of XW can be attributed
to its complex/multiple modes of spread that include:
movement of infected planting materials, cross
farm/cross village use of farm tools, and insect, bird and
bat vectors that visit diseased and healthy banana
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Table 4. Percentage of communities (represented by FGD groups) along the studied banana trade axes in eastern DR Congo and western
Burundi who used various sources of suckers and their estimated travel distances irrespective of administrative boundaries to obtain
planting material based on banana type.

) Banana Sources of banana planting material used by farmers Average distance
Road axis (n) - - - -
type Village Parish District  Province Out of the country  farmers travel (km)
Beer 7.7 555 44.4 11.1 0.0 51.2
Mwenga (9) Cooking 88.8 33.3 11.1 0.0 0.0 11.4
Dessert 100.0 33.3 22.2 11.1 11.1 18.5
Plantain 55.5 33.3 11.1 0.0 0.0 26.3
Mean 80.5 38.9 22.2 5.6 2.8 26.9
Beer 100.0 0.0 0.0 0.0 0.0 1
. Cooking 100.0 0.0 0.0 0.0 0.0 1
Lubarika (6) b sert 83.3 0.0 0.0 0.0 0.0 1.2
Plantain 100.0 0.0 0.0 0.0 0.0 1.2
Mean 95.8 0.0 0.0 0.0 0.0 1.1
Beer 100.0 33.3 0.0 0.0 0.0 1.7
Rumonge (6) Cooking 66.7 0.0 0.0 0.0 16.7 13
Dessert 83.3 16.7 0.0 0.0 0.0 1.2
Plantain 16.7 33.3 0.0 0.0 0.0 1.8
Mean 66.7 20.8 0.0 0.0 4.2 4.4
Beer 83.8 33.3 16.7 0.0 0.0 5
- Cooking 66.7 50.0 33.3 16.7 0.0 0.8
Cibitoke (©) - pesert 100.0 33.3 16.7 16.7 16.7 6
Plantain 66.7 50.0 16.7 0.0 0.0 3.0
Mean 79.3 41.7 20.9 8.4 4.2 3.0
Overall average 80.6 25.3 10.8 3.5 2.8 8.9

Table 5. Number and types of banana cultivars grown along the four banana trade axes studied in eastern DR Congo and western Burundi.

Road axis Number (%) of banana cultivars by type/use group Total number of Range of N° of cultivars
Green cooking (%) Beer (%) Dessert (%) Plantain (%) cultivars by axis

Mwenga 12 (21) 18 (31) 7 (12) 21 (36) 58 7-16

Lubarika 6 (29) 8 (38) 5 (24) 2 (10) 21 6-11

Rumonge 4 (20) 10 (50) 5 (25) 1(5) 20 6-14

Cibitoke 13 (38) 11 (32) 8 (24) 2 (6) 34 6-18

In brackets, cultivar numbers are expressed as a percentage of the total number of cultivars for a given axis.

Table 6. Labour practices that can influence the spread of pests and diseases along the studied banana road axes in east
DR Congo and Burundi.

. Hired labourers from Furthest distance labourers Lending of farm  Joining group
Road axis

other villages (%) travel to work (km) tools (%) labour (%)
Mwenga (9) 88.8 27.1 100.0 100.0
Lubarika (6) 100.0 35.2 83.3 100.0
Rumonge (6) 33.0 10.3 100.0 50.0
Cibitoke (6) 83.3 34.3 100.0 50.0
Mean (27) 76.3 26.7 95.8 75.0

Values represent averages calculated from responses given during Focus Group Discussions.
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Table 7. Banana products traded in villages along the banana road axes studied in the DR Congo and Burundi.
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Road axis (n)

Banana bunches

Banana suckers

Local market Farm gate No trade Local market Farm gate
Mwenga (9) 88.9 11.1 66.7 33.3 0.0
Lubarika (6) 100.0 0.0 83.3 0.0 16.7
Rumonge (6) 100.0 0.0 100.0 0.0 0.0
Cibitoke (6) 100.0 0.0 100.0 0.0 0.0
Mean (27) 95.2 4.8 85.2 11.1 3.7

Table 8. Percentage of villages that sell their banana products at local markets along the banana road axes studied in east DR

Congo and Burundi.

Road axis (n)

Banana bunches

Banana suckers

0-lkm >1-5km >5-10km >10km Nosales 0-1km >1-5km >5-10km >10 km
Mwenga (9) 44.4 44.4 0.0 11.2 66.7 111 22.2 0.0 0.0
Lubarika (6) 83.3 0.0 0.0 16.7 83.3 16.7 0.0 0.0 0.0
Rumonge (6) 33.3 50.0 16.7 0.0 100 0.0 0.0 0.0 0.0
Cibitoke (6) 66.7 16.7 16.7 0.0 100 0.0 0.0 0.0 0.0
Mean (27) 55.6 29.6 7.4 7.4 85.2 7.4 7.4 0.0 0.0

Table 9. Household members involved in marketing banana bunches and suckers across villages along four road axes
studied in east DR Congo and Burundi.

. Bunches Suckers

Road axis -

Man Woman Both No marketing Man Woman Both
Mwenga 0.0 77.8 22.2 66.7 0.0 33.3 0.0
Lubarika 50.0 33.3 16.7 83.3 16.7 0.0 0.0
Rumonge 66.7 0.0 33.3 100 0.0 0.0 0.0
Cibitoke 50.0 0.0 50 100 0.0 0.0 0.0
Mean 37.0 33.3 29.6 85.2 3.7 11.1 0.0

Table 10. Frequency of banana trade transactions along the banana road axes studied in the DR Congo and Burundi.

Banana bunches

Banana suckers

Road axis

Twice per Once a Twice a Once a No Twice a Once a Once a

week week month month trading week week month
Mwenga 44.4 33.3 0.0 22.2 67.7 0.0 11.1 22.2
Lubarika 50.0 33.3 16.7 0.0 83.3 16.7 0.0 0.0
Rumonge 16.7 50.0 33.3 0.0 100 0.0 0.0 0.0
Cibitoke 83.3 0.0 16.7 0.0 100 0.0 0.0 0.0
Overall 48.2 29.6 14.8 7.4 85.2 3.7 3.7 7.4

Trading in suckers reflects transactions within rainy seasons when suckers are planted (planting takes place in the highlands dominated by AAA-EAH
type bananas from September till March, while planting in the lowland plantain-dominated zones takes place during September and October).

inflorescences (Blomme et al.,
Ocimati, 2018; Ocimati et al., 2019). For example,
farmers entirely relied on planting material from own or

2017, Blomme and

neighbours’ fields, the latter potentially contributing to
cross-farm disease spread. Sharing and cross-farm use
of farm tools was also common. These practices play
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Table 11. Community access to extension services along four transects in eastern DR Congo and Burundi.

Access to extension Number of contacts with Presence of community by- Distance to
Road axis services (government, extension agents over the laws, action plans, control nearest extension

local and int. NGOs) past year committees office
Mwenga 33.3 5.0 22.0 3.0
Lubarika 83.3 2.0 0.0 10.7
Rumonge 100.0 2.0 0.0 1.0
Cibitoke 83.3 2.0 0.0 11
Overall 75.0 2.7 5.5 4.0

crucial role in XW spread. XW spread through trade,
mainly by banana traders that harvest bunches
indiscriminately across villages and farms using their own
tools without sterilization has also been reported
(Blomme et al.,, 2014; Nakato et al., 2013). However,
trade in bunches was predominantly over short distances
(that is, local markets) and this could have contributed to
short distance and local spread of diseases, e.g. XW
disease through infected crop residues (that is, fruit peels
and peduncles).

Black leaf streak, Fusarium wilt, banana weevils and
nematodes were present across most study axes. This
agrees with Blomme et al. (2013) who reported the
omnipresence of these biotic constraints across the
whole of east and central African production zones.
However, farmers’ report of year of first observation of
BLS (that is, as early as 1962) contradicts the first
scientific reports that place the introduction of the disease
in the AGLR in the 1980s (Sebasigari, 1990; Blomme et
al., 2013). Farmers could have potentially confused the
symptoms of BLS to yellow sigatoka (Mycospharella
musicola). In Africa, M. musicola was reported in Uganda
in 1938 (Stover, 1962). Six months from the first report in
Uganda, separate outbreaks, about 160 to 320 km apart
were reported along the East African coast. In 1941, M.
musicola was also reported in Cameroon, West Africa,
about 2,400 km away (Stover, 1962). BLS prevalence
has been reported to be high at hot and humid lower
altitude sites (Erima et al., 2017). The fact that no BLS
was observed in lowland zones (<1200 m) along the
Mwenga axis in eastern DR Congo can be explained by
the short lifespan of plantains caused by poor suckering
and weevil damage. Farmers mainly harvest the parent
plant and sometimes the first ratoon. Regular plantain
replanting is the norm in these production zones, which
prevents disease build up. The omnipresence of the BLS-
resistant ‘km5’ cultivar along the Lubarika and both
Burundi axes might explain the often low BLS incidence
values that were reported/observed.

Farmers’ report of when they first observed Fusarium
wilt (that is, as early as 1962) also contradicts the official
scientific reports that place its introduction to a much later
period, that is, before the 1980’s (Blomme et al., 2013).
However, already in the 1950s Fusarium wilt was

reported in countries neighbouring DR Congo, Burundi
and Rwanda (Blomme et al., 2013), suggesting that the
disease could have arrived in DR Congo at an earlier
date than what was officially reported. Fusarium species
is commonly spread through planting materials and
infected soils (adhered to e.g. shoes/boots, tools,
motorcycle and car tires) (Ploetz, 2015; Dita et al., 2018).

Risk factors for pest and disease spread and build-up

Planting materials are an excellent means for the spread
of banana pests and diseases and have been reported to
play a major role in the spread of XW, BBTD, Fusarium
wilt, nematodes and weevils in banana (Jacobsen et al.,
2019). The short distance household members travelled
to obtain banana planting materials (mean furthest
distance of 9 km) suggests a possibly limited long
distance spread of diseases and pests through planting
materials. This suggests that planting material-borne
diseases will only gradually spread over time. However,
within short distance disease and pest spread (e.g. within
villages) and build up through exchange or recycling of
planting materials within fields would be high given most
households mainly relied on suckers from own fields or
from neighbouring fields.

Access to clean planting materials was limited across
all the study sites due to the complete absence of tissue
culture or macro-propagation facilities producing clean
planting materials in eastern DR Congo and a long
distance to such facilities in Burundi. Farmers’ willingness
to buy clean planting materials was however very
variable (16-83%) and high along the Cibitoke axis,
moderate along Mwenga and Lubarika axes while low at
Rumonge axis. The high variation in farmers’ willingness
to invest in planting material could be influenced by agro-
ecological conditions at their farms and villages,
prevalence of pests and diseases and access to markets.
For example, the demand for clean planting material in
the Cibitoke, Lubarika and Rumonge axes was mainly
attributed to the need for clean material to replant fields
devastated by BBTD. In contrast, in the low elevation hot
and humid forested regions of Mwenga, bananas were
reported to have a short plantation life, thus farmers have



to regularly re-establish banana plantations, thus the high
demand for clean planting material. This short plantation
life span can be attributed to the low suckering ability of
plantains at this altitude and the high banana weevil
burden observed in the study site compared with the
other axes. Earlier studies by e.g. Sikyolo et al. (2013),
have also reported low suckering, especially for plantains
planted at low altitudes in eastern DR Congo, meanwhile
in Uganda, the high weevil burden at the low elevation
sites of central Uganda has been reported to primarily be
responsible for the historical shift of banana production
into the then pest-free south-western highland zones of
Uganda (Gold et al., 1999). Despite the expressed
demand for clean planting material, with the exception of
Mwenga where farmers were willing to pay up to $1 per
clean planting material, farmers in the other three axes
were mainly willing to pay lesser amounts that may not
attract or sustain investments in the production of clean
planting materials in these regions.

A high banana cultivar diversity was reported across
the four axes. The diversity of cultivars on farms can
affect the spread and establishment of pests and
diseases. Ocimati et al. (2018b) observed a lower XW
incidence and prevalence with increasing number of
banana cultivars, especially in mixtures consisting of the
ABB cultivars (e.g. ‘Pisang Awak’) that are susceptible to
insect mediated infections and cultivars with traits that
escape insect-mediated infection (e.g. the east African
highland banana ‘Mbwazirume’). The cultivars with these
traits have either persistent or semi persistent non-fruit
forming/male flowers and male-bud bracts. Banana
cultivar mixtures have also been shown to reduce the
incidence of black sigatoka, banana weevils and
nematodes (Mulumba et al., 2012). Although some
genome groups in the study sites have a good level of
tolerance or resistance to some of the pests and
diseases, no clear patterns were observed between the
level of pest and disease presence and the predominant
Musa genome groups in a site.

Intercropping of bananas was predominant across the
four axes. Intercropping with non-host crops has been
reported to slow down the spread of some pests and
diseases within fields and reduce disease incidence and
severity (Mukiibi, 1982; Allen et al., 1989; Poeydebat et
al., 2016; Vidal et al., 2017). The depression of pest and
disease incidence in cultivar and or crop mixtures can be
attributed to factors such as physical barriers to vectors
and aerial pathogens, altered microclimate, a dilution
effect, pathogen inhibition and host alteration (Sumner et
al., 1981; Boudreau, 2013; Vidal et al., 2017). In contrast,
banana intercropping with annual crops and other root
and tuber crops in the study regions has often been
associated with cutting of banana leaves to allow for
more light to the understory crops (e.g. beans) and
weeding/ earthing up using farm tools that often damage
banana roots. These practices have been shown to
potentially spread XW disease within banana fields

Blomme et al. 1265

(Ocimati et al., 2013, 2019; Blomme et al., 2017).

Hiring of external labour was a common practice across
the study sites, with these labourers coming from other
villages in 76% of cases. These labourers were reported
to mainly move around with their own farm tools, boots
and clothes. This can potentially allow for spread of soll
borne nematodes and disease pathogens e.g. Fusarium
spp. (in case of tools and boots) (Dita et al., 2018), fungal
diseases e.g. black leaf streak (boots and clothes) (IICA,
2006) and XW disease (farm tools) (Blomme et al., 2017;
Blomme and Ocimati, 2018). Labour was hired from or
sold to an average distance of 27 km from the farms,
suggesting that labourers can contribute to disease
spread over low to moderate distances. Other risky
practices included lending of farm tools and provision of
labour in groups on a rotational basis. In both cases, the
tools used, boots and clothes worn can spread diseases
as described above.

Banana bunches and to a small extent suckers were
the main banana products traded, mainly at the local
markets that were between 1 and 10 km from the farm
gate. The potential role of trade in disease spread
through asymptomatic banana bunches containing ooze
or traders tool used across farms has been reported for
XW (Nakato et al., 2013). For example, the disease can
be introduced into a farm if the buyer peels an infected
fruit with a knife and thereafter uses it for e.g. pruning on
own farm. The scope of the effect of sale of banana
products is likely to vary from within the villages to as far
as 100 km, though farmers had no knowledge of the
exact distance their buyers travelled. For example,
Bukavu which is 120 km from Mwenga is one of the
destinations for banana bunches from Mwenga. Traders,
in 33 to 100% of cases used their own tools to harvest
bunches on banana fields. This practice has been
reported to play an important role in XW spread in east
and central Africa (Blomme et al., 2017).

Access to knowledge extension services was generally
low across all study sites. Access to information on
management and epidemiology of diseases is crucial for
containment (Ocimati et al., 2019; Kikulwe et al., 2019),
thus needs to be fostered.

This study points to various modes of disease/pest
spread, which most likely also occurred over past
decades. Regression analysis did not show a significant
link between pest/disease presence and altitude, mainly
due to the current omnipresence of the pest/diseases in
the landscapes. Except for XW that is a more recent
introduction but nevertheless spreads rapidly, the other
pests and diseases were reported to be present in the
region since several decades, over which time they have
gradually spread. This has not been helped by the weak
extension service support and interlinked low farmer
knowledge on pest/disease control and prevented
spread, over past decades, in both Burundi and eastern
DR Congo.

Data for this study were collected through FGDs at
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landscape level. This limited/constrained the analysis to a
landscape level. As such, further data exploration through
a multivariate statistical analysis did not yield any
relevant information. A regression analysis was carried
out to determine the relations between disease and pest
variables and altitude.

Information generated through this study is however
relevant for the study sites and other banana growing
locations in e.g. east and central Africa. This study could
contribute to insights on the timely management of new
pests and diseases of banana and could even provide
useful insights applicable to other vegetatively
propagated crops.

Climate change vs. pests and diseases

The observed prevalence of banana weevils and BBTD
at the high-altitude sites raises a huge concern with
respect to the current trends in climate change. Warming
conditions with increasing rainfall and humidity could
improve conditions for the survival of weevils at the high-
altitude sites, previously known to be unfavourable for the
multiplication of banana weevils. Though present at the
high elevation banana production zones, the aphid that
spreads BBTV has been known to be inefficient in BBTD
spread at the high-altitude areas with lower temperatures.
The acquisition and inoculation of banana bunchy top
virus (BBTV) by the aphid P. nigronervosa has been
shown to be affected by temperature (Wu and Su, 1990;
Anhalt and Almeida, 2008). Wu and Su (1990) observed
no BBTV transmission at 16°C and a maximum
transmission efficiency at 27°C. Anhalt and Almeida
(2008) observed a higher transmission efficiency of BBTV
by the aphids at 25 and 30°C but a low efficiency a 20°C.
Anhalt and Almeida (2008) also observed similar
temperature effects on aphid fecundity and hypothesized
a longer latent period at the lower temperature of 20°C.
Given the current prevalence of BBTD at the cooler high
elevations (presumed to be gradually and mainly
spreading through planting materials), increasing
temperatures at the high altitudes would create
conducive conditions for the transmission of BBTV and
increase the rate of disease spread and overall BBTD
burden. This could also, gradually, place the highland
production zones in eastern Africa at modest to high risk.

Warming of conditions at the high altitudes will also
create a more conducive environment for the
development and spread of BLS. BLS has in the past not
been found at altitudes above 1350 m (Erima et al,,
2017). However, more recent studies in the East and
Central African region have reported P. fijiensis the
causal agent of BLS at higher and cooler altitudes and
this has been attributed to increasing temperatures
(Erima et al., 2017; Kimunye et al., 2020). Higher altitude
eco-regions are cool, favouring the reproduction of P.
goodeyi (Pinochet et al., 1995; Gaidashova et al., 2009).

A reduction in the area occupied by P. goodeyi and an
increase in other nematode spp. (e.g. R. similis) currently
limited to lowland zones could also be expected under
increasing temperature regimes.

Currently the spread of XW at high elevation sites can
be predominantly attributed to movement of contaminated
farm tools and infected planting materials. At these
altitudes, the activities of the insect vectors of XW are low
(Rutikanga et al., 2015; Shimelash et al., 2008). Warmer
climates would increasingly support insect-mediated
spread of XW and thus increase its prevalence and
severity at higher altitudes.

Conclusions

The present study identified key banana pests and
diseases and several potential risk factors responsible for
their spread and build up across different axes, with due
consideration of altitude effects. The key banana pests of
concern included nematodes and weevils while the
diseases included XW, BBTD, Fusarium wilt and BLS.
This study also provides insights in modes of spread that
most likely already contributed to disease/pest spread
over past decades in the study region. The main potential
pathways of pest and disease spread included the
movement of farming tools by labourers and traders
(respectively, 10-35 km and often over 100 km), planting
material/suckers (often less than 5 km) and banana
products, especially bunches (mainly less than 5 km, but
occasionally over 10 km; traders can transport bunches
over larger distances to main urban markets).

Apart from Cibitoke (>65%) the willingness to buy clean
banana planting materials was low (<50%). With the
exception of Mwenga (for all cultivars), in the Cibitoke
(dessert and plantains) and Lubarika axis (beer types
only), farmers were willing to pay between $0.6 and
$1.75 per clean planting material. The current price for
clean planting materials in the region varies between $0.6
and $0.7 (Ntamwira Jules, personal communication,
2018) and values less than this could be a disincentive to
the development of banana planting material enterprises
in the study regions and a major bottleneck towards the
management of pests and diseases. Use of crop or
cultivar mixtures was common and could be harnessed to
reduce the spread and build-up of pests and diseases.
Envisaged changes in climate are likely to affect pest and
disease build up and spread, and in case of warmer and
more humid conditions, will lead to increased spread of
BBTD, XW, BLS, weevils and some damaging nematode
species at higher altitude zones. Fostering knowledge
extension on pest and disease epidemiology and
management can also help improve the demand for clean
planting material and overall management of the biotic
constraints, thus reducing further spread and/or build-up
of these pests and diseases. This may also necessitate
strengthening institutional capacities of actors (such as



farmer  institutions, labour associations, trader
association) and stakeholders intervening in banana
value chains in the region.
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Table S1. Location of villages in which focus group discussions were held along the four banana trade axes studied in western
Burundi and eastern DR Congo, and distances along a straight axis from the main markets (that is, Bukavu for DR Congo and
Bujumbura for Burundi).

Countr Banana Territory / Village Village Distance along a straight axis from
y trade axis province name altitude (m) main market (km)
Kibe 685 114.1
Tukenga 689 116.4
Mwenaa Kilungutwe 1032 -
9 Ngenje 1146 60.5
Kibanja 1203 81.7
Mwenga Kalole 1310 90.0
walunau Bwahungu 1454 34.9
g Cikamba 1641 22.7
DR Congo Kabare Kasiru 1996 10.7
Uvira Lubarika 927 43.0
Kashenyi 980 28.7
. Walungu Rushebeyi 1260 27.4
L k
ubarika Nyamurabwe 1611 195
Kabare Cihugi-1 1657 10.8
Mabijo 1740 3.7
Muhuta Gabaniro 799 27.2
Kabezi Ceri 1062 25.3
Rumonge Muhuta-2 1603 26.7
Muhuta Gatwenzi 1713 28.8
Muhuta-1 1765 28.5
Muhow 1841 28.6
B di -
urund Munyika-1 906 67.5
Rugombo Rugerere 1088 67.9
Kinama 1167 73.6
ibitok
Cibitoke Mugina Muyange 1199 71.9
Mabayi Kirinzi 1582 75.4

Mpinga 1713 76.2




