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ABSTRACT

This study aims to contribute to the understanding of diversity within the context of
banana farming and its implications for the management of banana Xanthomonas
wilt (BXW) disease in Rwanda. We used a structured questionnaire to collect data
from 690 banana farmers in eight districts, representing various agroecological
zones, across Rwanda. We implemented principal component analysis (PCA) and
hierarchical cluster analysis (HCA) of the data leading to the delineation of three
distinct groups of banana farmers, namely: 1) Beer banana farmers (39.1%), 2)
Livestock-based farmers (31.7%), and 3) Cooking banana farmers (29.1%). These
farm types exhibit apparent differences in their main farming objectives and
adoption of BXW management practices. Cooking banana farmers prioritize BXW
prevention over control, whereas beer banana farmers exhibit the opposite trend.
Livestock-based farmers show no significant difference in practices in comparison
to cooking banana farmers. Beer banana farmers predominantly adopt the officially
recommended complete mat uprooting (CMU) approach for disease control, while
cooking banana farmers adopt the single diseased stem removal (SDSR) method.
These findings provide insights for designing customized and targeted interven-
tions to address BXW management effectively, based on farmer typology.

ARTICLE HISTORY Received 7 October 2021; Accepted 20 November 2023; Published online 9 January 2024

KEYWORD Agricultural innovation systems; farm types; crop disease management; principal compo-
nent analysis

1. Introduction

Crop diseases are a major threat to agricultural production, food security, and
farmers’ livelihood around the world. Banana Xanthomonas Wilt (BXW) is
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a bacterial infection that is extremely harmful and has become an increas-
ingly severe danger to the cultivation of bananas, especially in East and
Central Africa (Biruma et al., 2007; McCampbell et al., 2018). This disease has
resulted in significant financial losses and poses significant obstacles to
ensuring food security in the affected regions (Ocimati et al., 2019; Petsakos
et al., 2023). BXW, caused by Xanthomonas campestris pv. musacearum
(Xcm), is a highly concerning disease due to its rapid spread, affecting all
banana cultivars, and its potential to cause complete yield losses of up to
100% at the farm level (Kabirigi et al., 2022; Kilwenge et al., 2023). Rwanda,
a country heavily reliant on banana cultivation for sustenance and income
generation, has experienced severe impacts from the rapid spread of BXW
(Blomme et al.,, 2021; Uwamahoro et al., 2019). The continued expansion of
BXW in East and Central Africa requires urgent attention and the develop-
ment of effective management strategies that take into account the unique
characteristics of the farming systems in the region.

In recent years, Rwanda has implemented a centralized strategy to combat
BXW, centred around “Complete Mat Uprooting” (CMU) (Jogo et al., 2011;
McCampbell et al., 2018). However, this approach has not yielded the desired
results in containing the spread of the disease (Blomme et al., 2017). One
significant factor contributing to its limited success is the top-down and “one-
size-fits-all” nature of the policy, which overlooks the diversity among banana
farmers and their farms in Rwanda (Costanza et al., 2020; Hammond et al.,
2017). To improve the effectiveness of the approach, it is crucial to consider
the unique characteristics and challenges faced by different farmers and their
banana farms across the country.

This research paper aims to contribute to the understanding of diversity
within the context of banana farming and its implications for the manage-
ment of BXW in Rwanda. We seek to identify key variables that differentiate
banana growers into distinct farm types and explore how these farm types
are associated with the knowledge of and adoption of innovative BXW
management and prevention practices. By comparing how various farm
types know and use practices for BXW management, we aim to answer two
fundamental questions. Firstly, we determine if farmers of various types have
different levels of knowledge regarding BXW management. Secondly, we
explore whether the knowledge of these practices is linked to the farmers’
adoption of them.

The understanding of agricultural innovation adoption and the role of
farm diversity has long been a matter of concern (Hammond et al., 2017).
There is an agreement among social scientists that one of the potential
barriers to innovation adoption is the failure to take into account the hetero-
geneity of farmers, especially small-scale farmers (Coe et al., 2016; Kabirigi
et al., 2022). Previous studies on adoption have recognized the typology
approach as a valuable method for addressing the diversity and variations
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among farms, enabling the implementation of targeted interventions (Daxini
et al,, 2019; Kdbrich et al,, 2003). As a result, researchers have extensively
investigated the adoption of agricultural innovations through the typology
approach, revealing valuable insights into critical aspects of the process
(Hammond et al., 2020). Some key findings include the absence of
a universal solution (Costanza et al., 2020), the differing levels of responsive-
ness to innovations among different farm types (Bidogeza et al., 2009), and
the necessity for tailoring innovations to suit specific production systems
(Berre et al., 2022).

Despite significant efforts by researchers to understand farmer heteroge-
neity and utilize typology approaches, several gaps persist in the literature.
Firstly, few studies explore farm typology’s application for managing Banana
Xanthomonas Wilt (BXW) challenges or its interplay with varying BXW man-
agement strategies. Secondly, no attempts have been made to explore the
diversity within the banana farming community in the specific context of
Rwanda. Finally, there remains a scarcity of evidence-based studies linking
the awareness of a particular technology to its actual adoption. Although
typology analysis has been applied to explore the impact of innovative
agricultural practices for different purposes, this paper takes the stance that
farm types play a significant role in explaining the diversity of crop manage-
ment behaviours.

Our research contributes to the existing literature by utilizing the typology
approach to investigate BXW prevention and control methods in different
farm types within Rwanda’s banana production systems. This is justified
because banana production involves a diverse production system, with
bananas being grown in different agroecological areas and by various cate-
gories of farmers with different socio-economic backgrounds. Our study
specifically focuses on Rwanda as a case study due to the crucial role of
bananas in ensuring food security, despite persistent efforts to control and
prevent the BXW disease. Bananas cover a significant portion of arable land in
Rwanda (23%) and are cultivated by 90% of households, making them a vital
dietary staple for farmers. Yet, the crop is threatened by BXW to the level that
it has become a governmental concern. The study’s findings have significant
implications for sustainable agricultural development in the region, support-
ing the adoption of innovative practices that cater to the unique needs of
different farmer typologies while mitigating the impact of BXW. Additionally,
the study contributes to the scientific understanding of the dynamics
between farmer heterogeneity, technology awareness, and technology adop-
tion, bridging a crucial gap in the existing literature.

In this research, we use principal component analysis (PCA) and hierarch-
ical cluster analysis (HCA) to conduct farm typology analysis based on 690
banana farmers in eight districts, representing various agroecological zones,
across Rwanda. We further associate various farm types with diverse
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measurements taken in preventing and controlling BXW. The subsequent
sections of this paper are organized as follows: Section 2 provides an over-
view of the theoretical background. Section 3 describes the methodology
employed, including the specific case of managing BXW in Rwanda and the
data collection and processing approach. Section 4 presents the findings,
including the identified farm typologies among banana growers in Rwanda.
Section 4 discusses the implications of these typologies for BXW prevention
and control practices. Finally, Section 5 concludes the paper by summarizing
the key findings, contributions, and future research directions.

2. Theoretical background
2.1. Farmer heterogeneity in innovation adoption

This study is primarily based on Rogers’ diffusion of innovation theory (2003),
which explores how innovations, such as new agricultural practices or tech-
nologies, spread and are adopted within a population. Scholars widely agree
that the success of technological advancements depends on how well they
are accepted and integrated by potential users (Wigboldus et al., 2016).
Research suggests that the adoption of these new practices is influenced by
a variety of factors, encompassing diverse farms, variations in farmers’ char-
acteristics, and the broader socioeconomic, institutional, and environmental
context (Makate, 2019; Oyetunde Usman et al., 2021; Yoon et al., 2020). The
literature emphasizes the significant role of farmers’ heterogeneity in influen-
cing the uptake of innovative agricultural practices (Hammond et al., 2020;
Llewellyn & Brown, 2020). Previous studies have highlighted the challenge of
applying innovations developed for specific contexts to a broader audience,
as each farming community has its unique characteristics and requirements
(Costanza et al., 2020). Consequently, recognizing the diversity among farm-
ers becomes crucial, and innovation strategies must be tailored accordingly
to cater to the different types of farms.

In response to this recognition, the evolution of agricultural extension
approaches has undergone a gradual shift from technology-oriented models
in the past to more participatory and context-specific models in recent times
(Schut et al., 2014). While the traditional approach assumes all farmers to be
homogenous recipients of innovations, the current tailored approach
acknowledges farmers’ heterogeneity and actively involves them in the inno-
vation process (Minas et al., 2020). In this contemporary approach, farmers are
considered integral partners within innovation networks, underscoring the
importance of understanding the context-specific sociocultural, economic,
and agroecological factors that drive successful agricultural innovation (Schut
et al,, 2014). As agricultural extension methods have evolved, it is now
recognized that involving farmers in the innovation process enhances the
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likelihood of successful adoption and implementation (Hermans et al., 2017;
Minas et al.,, 2020). Rather than imposing one-size-fits-all solutions, this mod-
ern approach promotes engagement with farmers to co-create context-
specific solutions (Todtling & Trippl, 2005). By incorporating farmers’ knowl-
edge, preferences, and needs, agricultural innovations become more rele-
vant, accessible, and effectively integrated into their daily practices.

Drawing on the diffusion of innovation theory and recognizing the diver-
sity among farmers, researchers have developed a theoretical method known
as the typology approach. This innovative approach aims to tackle the
inherent complexity resulting from the wide variety of farmers. In the follow-
ing sub-section, we will delve deeper into the typology approach, exploring
how it effectively addresses the challenges within agricultural innovation
systems.

2.2. Typology approach

The typology approach is a method that involves categorizing individuals
into distinct groups, known as “types”, based on their shared characteristics
(Alvarez et al., 2018). The goal of a typology is to simplify complex information
and create structured frameworks that aid in understanding, analysis, and
communication (Guest, 2012). However, scholars employing this approach
should approach it thoughtfully, embracing feedback and iteration, as the
process of deciding what to include and exclude within it presents several
challenges (Steinley & Brusco, 2008). These challenges encompass establish-
ing relevant categorization criteria, mitigating subjectivity and bias, striking
a balance between complexity and simplicity, managing issues with data
availability and reliability, addressing interrelationships and overlaps,
accounting for evolving phenomena, and including a range of stakeholder
viewpoints (Gnanadesikan et al., 1995; Liu et al., 2016).

The typology approach is a versatile framework that extends beyond
agriculture and has been applied to various fields and industries. For instance,
it has been used in biology (Sokal, 1962), sociology (Collier et al., 2012),
geography (Popovich et al.,, 2021), bioeconomy (Ayrapetyan et al., 2022),
and education (Mitchell & Carbone, 2011), to better understand complex
phenomena and enable targeted interventions. Each study’s categorization
is directly linked to its specific goals or unique factors being investigated.
Consequently, research has identified different typology categories like phy-
sical-based (Popovich et al, 2021), technological-based (Ayrapetyan et al.,
2022), and organizational-based typologies (Machado & Carvalho, 2008),
among others.

In the farming community, this approach results in two distinct types of
classifications: “farm types” when the focus is on characteristics, attributes, or
features of the agricultural production system (Dalgaard et al., 2006), and
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“farmer types” when it delves into the personal traits, behaviours, and atti-
tudes of individual farmers (Sarker et al.,, 2021). These generated types
provide invaluable insights into different groups, leading to a deeper under-
standing of their unique dynamics and circumstances. In the agricultural
production systems, the typology approach has led to the identification of
different types of farms based on specific objectives or distinguishing factors.
These types include size-related (Alvarez et al., 2018), agroecological zone-
related (Pengelly & Maass, 2019), value chain-related (Hammond et al.,, 2017),
resource endowment-related (Nabahungu & Visser, 2011), risk and resilience-
related (Spiegel et al., 2021), and others.

Recognizing its immense value, the Food and Agriculture Organization
(FAO) has acknowledged and endorsed the typology approach as an invalu-
able tool for not only documenting the diversity of agricultural systems but
also in supporting the design of agriculture-related policies. Its significance
extends beyond just capturing the diversity of farm households and liveli-
hoods; it also provides key insights into how farm household types can
contribute to driving the development and adoption of innovations within
the agricultural sector.

By approaching this research with a focus on context-dependent diversity
and employing a suitable research tool, we can shed light on the nuanced
dynamics of banana farming systems and contribute to the development of
effective strategies for BXW disease management.

3. Materials and methods
3.1. Household survey data

This study used data from a household survey conducted in July and
August 2018 by trained enumerators. Farmer household information was
collected in eight districts (Burera, Rulindo, Gatsibo, Kayonza, Gisagara,
Muhanga, Karongi, and Rubavu), which were purposively selected for their
representation of the major agroecological zones as well as their representa-
tion of different types of banana producing farmers in four provinces in
Rwanda. The questionnaire contained close-ended questions on household
information on a wide range of topics. For this paper, we considered only
data related to socioeconomic characteristics, banana production system
characteristics, extension services received, and adopted practices for BXW
prevention and control. These variables were used to identify factors respon-
sible for farmers’ heterogeneities and to categorize them into farm types,
whereas variables such as BXW prevention and control practices were used to
understand the behaviours of farm types regarding decisions for preventing
and controlling BXW.
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Figure 1. Study area map: surveyed districts and villages overlaid on agroecological

zZones.

Table 1. Main characteristics of studied districts (NISR, 2017.).

The area  The area occupied The area occupied
Cultivated Proportion of occupied by by the cooking by the beer banana
District area (ha) Banana land (%) banana (ha) Banana (ha) Area (ha)
Burera 28100 83 2341 806 1317
Rulindo 25146 31,2 7835 1613 4182
Gatsibo 52860 30,8 16307 8365 5227
Kayonza 48857 31,4 15318 11540 2497
Gisagara 28867 34,0 9802 2146 6218
Muhanga 30565 43,8 13394 1760 9051
Karongi 21361 396 8465 797 6793
Rubavu 17153 56 953 683 187

The selection of districts was conducted based on expert knowledge
(mainly through multiple consultations with the banana program leader at
the RAB) and raw data from a countrywide rapid assessment of BXW status
conducted by RAB between 2017 and 2018. District coverage of main agroe-
cological zones is summarized in Figure 1, whereas the area covered by
banana crops in respective districts is summarized in Table 1. In terms of
the total area covered by banana, Gatsibo, Kayonza have more land allocated
to banana production. However, Muhanga and Karongi have a higher propor-
tion of land allocated to bananas compared to the total cultivated area
(Table 1). Following a stratified sampling approach, based on expert input
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from district and sector agronomists, sectors and cells were selected as
distinguished by the BXW incidence level. The sampling team aimed the
selection of villages with a minimum distance of 5km between any two
villages. The selection of farmers considered the gender of household
heads when selecting five farmers in each village, two of which were female.
In total, 690 farmers were interviewed in 138 villages.

3.2. Respondents

The median age of household heads was 46 years, and the majority of
respondents had a primary level of education (67.5%). The majority of
respondents were married (83.8%), and the median size of households was
five members. The median total land size owned by a household was 0.3 ha
and the average tropical livestock unit was 0.94+0.91. Only 30.1% of the
households had off-farm income and the average income from banana was
49,790 Rwf (1 Rwf=0.00097 Euro) per household per year. However, around
50% of them had zero income suggesting that their banana production is of
subsistence. A total of 43.8% of farms grow banana intercropped with other
food crops, mainly beans, maize, sweet potatoes, cassava, and others. The
majority of interviewed household farms (60%) had experienced BXW.

3.3. Developing farm types and statistical analysis

We combined PCA and HCA to develop farm types. Our decision to use PCA-
HCA in the analysis was influenced by the nature of the dataset. Furthermore,
PCA-HCA was chosen for its straightforward interpretability, providing a clear
method for data analysis where dimension-reduced data points and their
relationships are easily visualized and interpreted. The decision enhances
result comparability within our research community, where PCA-HCA is com-
monly used for similar datasets (Alvarez et al., 2018; Bidogeza et al., 2009). We
used exploratory PCA was used to identify factors responsible for banana
farmers’ heterogeneities and to identify components for categorizing farmers
into clusters (Barnes et al., 2011; Kourti, 2009). The selection of variables,
which guided the questionnaire development and data collection, was pri-
marily based on the literature review and expert judgement (Bidogeza et al.,
2009). With this approach, around 60 variables were identified. The identified
variables were subjected to three-step cleaning to identify those that con-
tributed most to the variance of the dataset. The first step was to identify
highly correlated variables; once found, one was removed, suggesting that
they indicated the same thing (Alvarez et al., 2014). The second step was to
identify possible outliers in the dataset by running boxplots and histograms.
The observed outlier was checked to determine whether it was an outstand-
ing value or a typing error and then dealt with accordingly. In this case,



NJAS: IMPACT IN AGRICULTURAL AND LIFE SCIENCES . 9

a confirmed outstanding value was kept whereas a typing error was cor-
rected. The third step was to identify variables possibly measuring the same
thing by observing if they had the same sign-in components. We ran PCA and
observed which of the two correlated variables contributed less in the five
first components. The screening of variables was systematic, that is, con-
ducted by removing one variable at a time and then running PCA again to
observe changes. A total of 12 variables were identified as contributing most
to the heterogeneity of banana farmers.

The 12 identified variables were subjected to PCA, which is considered
appropriate for our retained quantitative variables. The Kaiser rule was
applied to identify the principal components for further examination in
cluster analysis, with retention of components with eigenvalues (A\) > 1
(Jackson, 1993). Using this threshold, we retained five such components
that explained 63.3% of the variance (Figure 2A). Before clustering, we
determine and visualize the optimal number of clusters using elbow and
silhouette methods (Figure 2B). The five components retained were subjected

A Scree plot B Optimal number of clusters
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Figure 2. PCA scree plot (A), the optimal number of clusters (B) cluster dendrogram (C),
and clustering results on a factor map (D).
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to HCA. This generated a dendrogram (Figure 2C) of the sequence, in which
farm households were merged. The dendrogram provided a default cutting
line but also allowed us to envision an alternative cutting line resulting in
a different number of clusters. By using the default cutting line we generated
three distinct clusters visualized in Figure 2D corresponding to the identified
optimal number of clusters. Clusters 1 and 2 are distinct whereas cluster 3
though distinct in particular elements, shares some characteristics with clus-
ters 1 and 2 (Figure 2D).

We performed all statistical analyses using statistical packages R, version
4.0.3 (Antoch, 2008). Descriptive statistics including mean, standard devia-
tion, frequency, and percentage were used to describe our respondents and
developed farm types. The analysis of variance, together with the mean
separation, was performed to further compare farm types by selected vari-
ables. We applied regression analysis to infer the relationship between our
outcome variable (knowing vs. not knowing and used vs. did not use BXW
management innovation) and our independent variable, which was farm
types. Because our outcome variables were recorded as binary (dichoto-
mously coded as 0 or 1), we applied binary logistic regression analysis
(Sperandei, 2014). This type of regression is the statistical method most
used to predict the probability of occurrence of a binary event by utilizing
a logit function (Rutebuka et al., 2019).

The formula for binary logistic regression, as specified by (Agresti, 1996), is
as follows:

In(Px/(1 = Px)) = Bo + B1X1i + By Xai + ... + BiXi

where the subscript i is the ith observation in the sample, andPis the
probability of an event occurring for an observed set of variables Xi — in our
case, the probability that the farmer was visited or trained, whereas (1 — Py) is
the probability that the visit or the training did not occur. In addition, 3, is the
intercept term (It is the odds ratio when all the categorical variables are zero),
and B, B, ..., B are the coefficients of independent variables X1, X2, ..., Xk.

In our logistic regression model, (Table 4), beer-banana farmers were desig-
nated as the reference group. The reference group, or reference category,
consists of those individuals presenting the reference level of each variable
(Sperandei, 2014). The reference group stands as a category of comparison for
the other categories. In the other words, we interpreted the output by looking
at the coefficients of the other groups, keeping in mind that they were obtained
by comparing a particular group to the reference group.
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Table 2. Correlation matrix between principal components and variables used.

Variable Comp.1 Comp.2 Comp.3 Comp.4 Comp.5
Nutrition diversity 0.34 -0.26 0.57 0.22 0.23
Number of visits by extension agent 0.13 - 0.08 0.52 —-0.63
Education years 0.16 -0.39 0.35 0.16 0.60
Tropical Livestock Unit (TLU) 0.15 —-0.24 0.55 0.08 -0.19
Prop. of land for C. banana 0.76 0.45 -0.15 - -
Prop. of C. banana consumed 0.52 0.18 -0.39 0.32 0.33
Prop. of C. banana sold 0.68 0.42 0.17 —-0.21 -
Prop. of land for B. banana —-0.54 0.61 0.24 0.31 0.18
Prop. of B. banana consumed —-0.18 0.19 -0.25 0.46 0.25
Prop. of B. banana sold -0.56 0.51 0.39 0.11 -
Banana income 0.32 0.44 0.44 —-0.30 -
People talked to 0.34 -0.10 - 0.51 -0.23
Eigenvalues 2.34 1.56 141 1.17 1.1
Cumulative % Variance 19.5 326 443 54.0 63.3

Key: Prop. = Proportion, C. banana =Cooking banana, B. banana =Beer banana, Comp. =Component.
Note: The bolded values are those with correlation coefficients equal to or above 0.4 and indicate the
variable with which the component is most strongly associated. Dashes indicate simply that the
variable doesn't contribute to the principle component.

4, Results
4.1. PCA result

In the PCA analysis, 62 variables were considered, and 12 of them were found
to be significant in explaining the diversity among banana growers (as shown
in Table 2). These variables included characteristics related to both the farms
and the respondents, such as the education level of the household head, the
type of banana grown, income from banana crops, livestock ownership,
access to extension services, and household nutritional diversity. Using
these 12 variables, the PCA produced a total of 12 components. However,
only five components with eigenvalues greater than 1 were retained for
further analysis. These five components accounted for a combined variance
of 63.3% in the dataset. The first five components individually explained
19.5%, 13%, 11.7%, 9.8%, and 9.3% of the dataset’s variance, respectively.
To understand the relationship between the principal components and the
12 variables used, a correlation matrix was generated and is summarized in
Table 2. The loadings in the table indicate how much each variable contri-
butes to the five retained components.

4.2. Cluster analysis result

Table Table 3 presents an overview of the different clusters based on vari-
ables and their associations with each cluster. To name the clusters mean-
ingfully, we examined the V.test values, an indicator of whether the mean of
the cluster is lower or greater than the overall mean (Schmidt et al., 2015), and
the mean values for each category.
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Table 3. Cluster (farm types) descriptions and naming.

Mean in Overall p.
Types Variables category mean v.test value
Typel (Beer- banana Prop. of B. banana sold 08+04 03+05 19.4 ***
farmers) Prop. of Land for B. banana 04 +0.2 03 +0.3 16.8 ***
Prop. of B. banana consumed 0.1+0.1 03+0.2 6.4 ***
Number of extensions 15+1.6 07+08 -20 *
Tropical Livestock Unit (TLU) 0.8+0.9 07+09 -26 *
Education years 5.6+ 6.1 31+£33 3.1  **
People talked to 48 +£10.6 123 +294 42 ***
Nutrition diversity 47 £5.1 1.8+20 —5.1 ¥
Prop. of C. banana consumed 0.0+0.2 02+03 9.1 ***
Prop. of C. banana sold 0.0 £0.1 01+£03 9.6 ***

Prop. of C. banana consumed 0.0 £ 0.1 01+£02 —11.2 ***

Type2 (Livestock-based  Tropical Livestock Unit (TLU) 1.1+09 1.1+09 3.4 **
farmers) Education years 6.6 + 6.1 33+33 29 **
Nutrition diversity 54+5.1 21+£20 25 *

Banana income*10000 (Rwf) 02+7.0 12+245 —49 ***

Prop. of B. banana consumed 0.0 £ 0.1 00+02 56 ***

Prop. of C. banana consumed 0.0+0.2 02+03 7.8 ***

Prop. of C. banana sold 0.0 £ 0.1 00+£03 —83 ***

Prop. of Land for C. banana 0.0 £ 0.1 01+£02 -84 ***

Prop. of Land for B. banana 0.0 +0.2 0.1+03 -124 ***

Prop. of B. banana sold 0.0+ 04 0.1+05 -143 **=*

Type3 (Cooking- banana  Prop. of Land for C. banana 04 +0.1 03+02 20.6 ***
farmers) Prop. of C. banana sold 04 +0.1 03+03 18.8 ***

Prop. of C. banana consumed 0.5+0.2 03+03 17.8 ***
Banana income*10000 (Rwf) 154+7.0 409+ 245 58 ¥

People talked to 176 £10.6 456 +29.4 3.9 **x
Nutrition diversity 55%5.1 19+£20 29 ¥
Prop of Land for C. banana 0.1+0.2 02+03 53 ¥
Prop of B. banana sold 02+04 04+05 -63 ***

Key: Prop. = Proportion, C. banana =Cooking banana, B. banana =Beer banana, *10000 =the value is
multiplied by 10,000, Rwf = Rwandan franc (1 USD = ~ 1060 RWF). Values represent means (+standard
deviation). Significant levels: *p<0.1; **p<0.05; ***p<0.0.

Cluster 1, representing 29.1% of the farm households, stands out from the
others by having a higher proportion of beer bananas sold, more land
allocated to beer bananas, and increased consumption of beer bananas.
This indicates that farmers in this cluster specialize in producing and dealing
with beer bananas more than the other clusters. Consequently, we named
this group “beer-banana farmers”. The Table A1 in Appendix shows that the
beer-banana farmers generally had lower levels of education, less diverse
nutrition, lower income from bananas, and limited access to extension
services.

Cluster 2, comprising 31.7% of the farm households, is distinguished by
having a higher number of tropical livestock units (TLUs), higher education
levels, and greater nutritional diversity. Based on these characteristics, we
referred to this cluster as “livestock-based banana farmers”. The livestock-
based banana farmers had higher education levels, larger households, and
more diverse nutrition, but they earned relatively lower income from



NJAS: IMPACT IN AGRICULTURAL AND LIFE SCIENCES . 13

Table 4. Log odds and standard error (in parentheses) for the binary logistic regression
model for adoption of BXW prevention and control innovations by farm types.

Cooking

Category Method banana farmers Livestock-based farmers ~ Constant

Prevention  Know male bud removal 0.6*** (0.2) 0.7%** (0.2) 0.8%** (0.1)
Know disinfection of tools 0.6*** (0.2) 0.4** (0.2) —-0.2 (0.1)
Know removal of roaming animals 0.4% (0.2) 0.7%** (0.2) —1.8%** (0.2)
Used male bud removal 0.8%** (0.2) 0.7%** (0.2) 0.5%** (0.1)
Used disinfection of tools 0.4¥* (0.2) 0.3(0.2) —0.5%** (0.1)
Used removal of roaming animals 0.5 (0.3) 0.8%** (0.3) —2.5%%%(0.2)
Did not prevent —1.2** (0.5) -0.1 (0.3) —2.3%%%(0.2)

Control Know complete mat uprooting 0.1 (0.2) 0.2 (0.2) 0.6%** (0.1)
Know single diseased stem removal 0.1 (0.2) 0.3 (0.2) =1.1%%*(0.1)
Know other —0.6** (0.3) -0.3(0.3) —1.6*** (0.2)
Used complete mat uprooting —0.4* (0.2) 0.1(0.2) —1.1%***(0.1)
Used single diseased stem removal 0.4* (0.2) 0.3 (0.2) —1.7*%*(0.2)
Used other 0.1 (0.3) 0.8*** (0.3) —2.4%%*(0.2)

Key: Significant levels: *p<0.1; **p<0.05; ***p<0.01.

bananas. The Table 7 in Appendix shows that this cluster also had
a substantial number of sheep and better access to extension services,
including more frequent visits from extension agents (See Table A1l in
Appendix).

Cluster 3, representing 39.1% of the farm households, stands apart due to
its significant allocation of land to cooking bananas, higher proportion of
cooking bananas sold, and increased consumption of cooking bananas. This
indicates that farmers in this cluster specialize in the production of cooking
bananas. Therefore, we named this group “cooking-banana farmers”.
Cooking-banana farmers had higher nutritional diversity, the highest banana
income, and the largest number of goats. Additionally, they had significant
access to extension services, with regular trainings, frequent visits by exten-
sion agents, and active interactions with fellow farmers (See Table A1 in
Appendix).

4.3. Farm types adoption behaviors

Table 4 shows how different farm types adopt BXW prevention and control
practices, categorized into two groups: practices known to the farmers and
practices used by the farmers. Positive coefficients indicate that a particular
practice is more likely to be known or used by a specific group compared to
the reference group, which is the beer-banana farmers. Conversely, negative
coefficients suggest that the practice is less likely to be known or used by the
group compared to beer-banana farmers.

Cooking-banana farmers showed an increased likelihood of knowing and
using male bud removal and tool disinfection as BXW prevention practices.
While they were aware of the removal of roaming animals, they were less
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likely to practice it. Cooking-banana farmers were more inclined to use the
disinfection of tools compared to other farmer groups. In terms of BXW
control practices, cooking-banana farmers were more likely to practice single
diseased stem removal.

Livestock-based farmers did not significantly differ from cooking-banana
farmers in their likelihood of knowing and using most prevention practices.
However, they were more likely to know and practice the removal of roaming
animals. Regarding BXW control methods, there was no particular practice of
choice for livestock-based farmers. Instead, they were more likely to use other
BXW control methods, such as methods different from complete mat uproot-
ing and single diseased-stem removal, compared to cooking-banana farmers.

In contrast to cooking-banana farmers, beer-banana farmers had
a significantly decreased likelihood of knowing and practicing BXW preven-
tion practices. The positive coefficients for other farmer groups indicate
a statistically significant difference (p < 0.05). Beer-banana farmers were also
more likely to do nothing to prevent the spread of BXW, as indicated by the
positive coefficients from cooking-banana farmers. Regarding BXW control,
beer-banana farmers were more likely to practice complete mat uprooting, as
indicated by the negative coefficients compared to cooking-banana farmers.

5. Discussion

Previous efforts to combat Banana Xanthomonas Wilt (BXW) in
Rwandan did not adequately consider the diverse range of farmers,
which led to difficulties in adoption. This paper supports the view
that the diversity of crop management behaviours can be better
explained by considering different farm types (Olivares & Hernandez,
2020). This aspect is especially important when addressing the complex
BXW disease that affects banana production systems. Unlike generic
and one-size-fits-all methods, the farm typology analysis acknowledges
the distinctiveness of each farm type, allowing for targeted interven-
tions tailored to the specific challenges faced by each group (Kobrich
et al., 2003). Our findings highlight, consistent with previous research
(Kansiime et al., 2018; Nabahungu & Visser, 2011; Tittonell et al., 2005),
the remarkable diversity among banana farmers in Rwanda. Our results
indicate that different farm types may have varying priorities, objec-
tives, and constraints. Beer banana farmers appear to give priority to
growing types of banana that are primarily used in the production of
local alcoholic beverages. In contrast, cooking banana farmers specialize
in the production of bananas specifically used for cooking purposes. On
the other hand, livestock-based farmers are more inclined to combine
banana cultivation with livestock rearing.
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5.1. Farm types exhibit distinct approaches to BXW prevention and
control

The results of this study reveal that the three farm types exhibit distinct
approaches to BXW prevention and control. Beer banana farmers exhibit
a notable inclination towards disease control rather than prevention,
primarily relying on the officially recommended complete mat uprooting
(CMU) method to manage BXW. This finding raises the question of why
economically disadvantaged beer banana farmers, with limited access to
extension services, opt for the labour-intensive CMU over the less drastic
single diseased stem removal (SDSR) for disease control. Drawing from
our findings, it is possible to hypothesize that these farmers might place
cultural importance above financial profit in their banana cultivation,
which could result in neglecting preventive actions against the spread
of BXW and depending on drastic control measures.

Cooking banana farmers prioritize prevention, indicating their proactive
efforts to reduce BXW introduction. In contrast to the situation with beer
banana farmers, we posit that cooking banana farmers are more committed
to implementing BXW preventive measures due to the substantial economic
value they associate with banana production. Cooking banana farmers tend
to adopt the SDSR method, which allows them to manage BXW without
replanting (Blomme et al.,, 2019). Research emphasizes that the effectiveness
of the SDSR technique in disease control relies on its integration with pre-
ventive cultural practices like debudding and disinfecting tools (Ntamwira
et al, 2019). For cooking banana farmers who prioritize prevention, SDSR
stands as the suitable choice.

Livestock-based farmers show limited interest in BXW prevention,
considering bananas as an alternative livelihood, probably not the pri-
mary one. Livestock-based farmers may benefit from integrated manage-
ment practices that consider both banana cultivation and livestock
rearing. The combination of bananas and livestock can create synergies,
where manure from livestock can be used as organic fertilizer for banana
crops, and banana by-products may serve as feed for livestock (Paul et al,,
2022).

5.2. Different farm types possess different knowledge regarding BXW
management practices

The results of this study affirm the assumption that different farm types
possess varying levels of knowledge regarding Banana Xanthomonas Wilt
(BXW) management practices. The variation could be attributed to the vary-
ing accessibility to extension services among different types of farms, leading
to distinct levels of exposure to BXW management information. This aligns
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with the insight from Zamasiya et al. (2017) study, which highlights the
pivotal role of extension services in enhancing farmers’ access to vital agri-
cultural knowledge and innovative practices. In this study (refer to Table A1 in
the Appendix), we demonstrate that cooking banana farmers exhibit better
access to extension services compared to other farmers. This observation can
likely be attributed to the fact that cooking banana farmers primarily con-
centrate on banana cultivation as their mainstay livelihood activity.

Based on the results, we accept the hypothesis that knowing a particular
practice is strongly associated with a high probability of implementing it. This
result emphasizes the fundamental role of knowledge in driving behaviour
change and adoption of best practices (Kaiser et al., 2022). This relationship
between knowledge and practice is often seen in various fields, especially in
agriculture and public health (Moick et al., 2021; Thomas et al,, 2020). It is
known as the knowledge-to-action gap, and closing this gap is essential to
achieving positive outcomes and desired results (Moick et al.,, 2021). For
agricultural extension services, policymakers, and development organiza-
tions, this finding underscores the importance of effective knowledge transfer
strategies. Simply providing information or training sessions might not be
enough. Instead, efforts should focus on ensuring that farmers truly under-
stand the rationale behind the recommended practices and how to imple-
ment them effectively.

5.3. Policy implications

The identification of distinct farm types and their differing approaches to
BXW management has significant implications for designing targeted inter-
ventions. Our results suggests that in order to successfully combat BXW and
promote sustainable banana production, it is crucial to recognize and cater to
the diverse knowledge requirements within the farming community. Firstly,
tailored training programmes must be developed to cater to the specific
needs and knowledge gaps of each type, ensuring relevant and effective
information dissemination. Secondly, resource allocation should prioritize
types with lower knowledge levels to enhance overall BXW management
education. Thirdly, diverse and adaptable knowledge transfer strategies must
be employed to account for learning preferences and socio-economic factors.

The identified farm types highlight the main objectives and values of
banana growers in Rwanda, which should be taken into account when
implementing innovation strategies. During the scaling process, it's crucial
to approach different farm types differently to achieve the desired outcomes.
We noticed that cooking-banana farmers prioritize BXW prevention over
control, making them more receptive to preventive measures. On the other
hand, beer-banana farmers are not as concerned about BXW prevention, and
their unique needs require special attention. The choice of banana types by
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farmers is influenced by factors such as food security, dietary preferences,
market availability, and cultural practices. For instance, beer bananas hold
significant social value in Rwandan smallholder farming systems, often used
in rituals and ceremonies. This cultural aspect should be considered in
banana production policy development. To promote successful adoption of
innovations, integrating livestock into banana production would incentivize
livestock-based farmers. Moreover, introducing new, potentially BXW-
resistant banana varieties should account for the preferences and practices
of both beer and cooking banana growers. The idea of using farm types for
tailored intervention and scaling strategic planning has been discussed in
previous research.

Table 5 summarizes the current practices for BXW prevention and control,
as well as the extension mechanisms and capacities that need development
to effectively manage BXW in Rwanda. We propose three main extension
approaches: government advisory services through extension agents, farmer-
to-farmer interactions, and farmer promoters. The farmer promoter approach,
which is a structured government initiative based on FFS (Farmer Field
School) and FPs (Farmer Promoters), is expected to be an essential tool for
designing and scaling banana-farming-related innovations to achieve higher
adoption rates and greater development impact.

5.4. Limitations and future study

While the insights derived from this research provide valuable insights for
analogous production systems, especially within Latin America (Olivares et al.,
2022), it's important to recognize that the contextual diversity within the
study poses challenges to generalization. It's imperative to acknowledge that
the conclusions drawn within this study are tightly linked to the specific
circumstances in which the research was carried out. As such, they may not
seamlessly translate to different regions or demographic groups without
a thoughtful consideration of the indigenous factors that influence the
management of BXW. In this study, we were unable to identify a universal
typology that could be readily generalized. Therefore, we propose further
investigation to explore avenues that could potentially offer such a versatile
framework.

Furthermore, while the application of principal component analysis (PCA) for
cluster analysis successfully identified distinct farm types based on the retained
5five components, it is important to note that these components collectively
account for only 60% of the variation in the dataset. The remaining 40% of
unexplained variation may encompass additional factors influencing farm
dynamics that were not captured by the selected components. Consequently,
the interpretation of farm types should be considered within the context of this
unaccounted variability. Also, there remains a need for further research to
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uncover other potential underlying factors. Researchers should delve into the
influence of factors such as geographical location, language barriers, cultural
norms, and access to technology on the level of BXW management knowledge
across various farm types. Additionally, investigating the knowledge networks
between different farm types could yield valuable insights into additional
strategies for effectively disseminating information and fostering knowledge
sharing within farming communities.

6. Conclusions

The research findings provide valuable insights into the relationship between
the heterogeneity of banana farmers in Rwanda and their adoption of BXW
management practices. By applying the PCA and HCA methods, three distinct
types of banana growers were identified: beer-banana farmers, livestock-
based farmers, and cooking-banana farmers.

These distinct clusters are distinguishable based on household socioeconomic
conditions, banana production systems, and access to extension services.
Importantly, the research highlights the significance of tailoring interventions
for effective BXW management to suit the preferences and practices of each type
of farmer. Cooking-banana farmers show higher concern for BXW prevention and
are more likely to adopt specific techniques, while beer-banana farmers are less
inclined to take preventive action. Understanding the link between knowing
a practice and practicing it underscores the need for targeted interventions to
increase the adoption rates of BXW prevention measures among diverse farming
communities.

This study emphasizes the importance of anchoring plant disease control
strategies on the understanding of farmer diversity. By recognizing the
heterogeneity among banana farmers and accounting for their distinct char-
acteristics, preferences, and practices, interventions can be designed to align
with the local context and promote inclusivity. Such tailored approaches
increase the likelihood of successful BXW management, foster behaviour
change, enhance resilience, and create more sustainable disease control
strategies in the agricultural system.
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Appendix 1

Table A1. Descriptive statistics of clusters.

Beer banana  Livestock-based  Cooking banana

Variable category Variable name farmers farmers farmers
Household Years of education 56+3.1° 6.6 +3.3° 6.1 +3.6%
characteristics ~ Age of head of 499+ 14.8° 48.7 +£13.3° 490+ 12.9°
household
Family size 51+22° 58+2.2° 53+2.1%®
Nutritional diversity 47+18° 54+21° 55+19°
Banana income x 10000 6.3+14.3° 02+1.2¢ 15.4 +41.0°
(RWF)
Total land (ha) 0.9+0.2° 0.9+0.3° 0.8+0.3%
Livestock Number of cows 1.0+ 1.0° 1.2+1.1° 1.0+1.0°
endowment
Number of sheep 0.2+0.7%® 03+09° 0.1+£0.6°
Number of goats 09+14° 13+21% 14+21°
Number of pigs 03+0.6" 0.7 +3.9° 03+0.97
Number of rabbits 02+1.0° 3.9+50.7° 02+1.0°
Number of chicken 13+£25° 22+49° 19+49°
Access to Number of extension 15+07° 1.6+0.8° 1.6+0.9°
extension visits/2 yrs
Number of training 14+07° 14+0.7° 1.6 +0.9°
sessions/2 yrs
People talked to (on 48+123° 11.5+23.4° 17.6 +45.72
BXW/2 yrs)
People advised (on 13+65° 50+11.4° 5.6 +18.0°
BXW/2 yrs)

Key: *10000 = the value is multiplied by 10,000; RWF = Rwandan franc (1 USD ~ 1060 RWF). Values
represent means (+ standard deviation). Means with the same letter are not significantly different from
each other (p < 0.05) according to one-way ANOVA and Tukey’s HSD test.
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Appendix 2: List of variables started with

Household head education level
Gender household head

Age household head

Household head marital

Household head off farm activities

Household head gender
Household head education
Off farm income
Banana income

Total land ha

Banana plots

Banana land ha
Livestock cattle
Livestock goats
Livestock pigs

Livestock chicken

Count cattle

Count goats

Count pigs

Count chicken

Banana type beer
Banana type cooking
Banana type dessert
Banana type plantain
Banana type hybrid
Banana type unknown
Banana intercrop

Land owned banana unit
Land owned banana
Beer banana land prop
Beer banana consumed prop
Beer banana sold prop
Beer banana income
Off farm income

BXW experience

BXW recent

BXW occurence2

BXW occurence6

BXW neighbors

Owned device radio
Owned device TV

Owned device smartphone
Owned device feature phone
Owned device basic phone
Owned device pc

Owned device tablet
Owned device laptop
Owned device none

Own phone smart

Own phone basic

Own phone none

People talked to

People advised

Trained

Trained by RAN

Trained by NGO

Other trained entity

Not trained

Trainings received
Extension unreached
Extension received

Member FFS group
Member Twigire group
Member women's group
Member cooperative
Member none

Member other

Nutrition diversity

Tropical livestock unit (TLU)
Banana income by category
Banana produced by category
Banana consumed by category
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