
RESEARCH

       Farmer typology and adoption of improved 
cassava production technologies in the 
Eastern Democratic Republic of the Congo  
    Nsharwasi Léon   Nabahungu    1   ,     Jackson Cirhuza   Mirali    1   ,     Guy   Simbeko    1,2    *    ,     Serge   Amato    1   ,     Gentil Murhabazi   Mirali    3    , 
    Patrick Minyangu   Muhindo    4   ,     Charles   Kitangala    5    ,     Fidele Barhebwa   Balangaliza    6    ,     Paul-Martin Dontsop   Nguezet    7   ,     Kokou  
 Kintche    1   ,     Patchimaporn   Udomkun    8   ,     Jacob   Mignouna    1     and     Bernard   Vanlauwe    9

  Abstract 
 This study aimed to examine the factors driving the adoption of improved cassava seeds and fertilizers among smallholder farmers in 
South Kivu and Tanganyika provinces, Eastern Democratic Republic of the Congo (DRC), using data from 1317 farming households. Data 
were analyzed using principal component analysis (PCA) and cluster analysis by classifying farmers based on their cassava agricultural 
practices while capturing their preferences, attitudes, and socioeconomic characteristics. Logistic regression was then applied to evaluate 
the adoption of improved cassava seeds and fertilizers across different farmer-type groups. Therefore, farmers were classified into five 
distinct groups in both provinces. In general, for cassava-improved seed, farming experience increases its adoption by 15.1% per year 
in Cluster 5. At the same time, primary education boosts adoption in Cluster 1 by 17.4%, and university education raises it by 20.1% 
in Cluster 5. Larger land areas significantly enhance adoption by 46.9% in Cluster 4 and 79.6% in Cluster 1, reflecting the benefits of 
larger farms. Livestock ownership raises adoption by 26.8% in Cluster 1, highlighting the value of assets in agricultural investment. 
Agriculture training and income are highly effective, improving adoption by 18.2% in Cluster 5 and 8% overall. Specifically, in South Kivu, 
gender influences fertilizer adoption by 18.0% (Cluster 1) and 14.9% (Cluster 5) while marital status enhances fertilizer adoption and 
with being married raising the probability by 0.52% (Cluster 4). These findings emphasize the importance of education, gender, income 
resource access, and targeted interventions to improve agricultural technology adoption. Furthermore, promoting farmer engagement in 
agricultural activities is recommended through enhanced extension services and cooperative memberships.  
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       Introduction 
 Cassava plants ( Manihot esculenta Crantz ) play a significant 
role as an efficient and economical source of income, nutrients, 
and energy in cropping systems (Humpal  et al .,  2012 ; Mekonnen 
et al .,  2023 ). In Eastern Africa, cassava roots are a crucial food 
source, supplying more than 55% of the population’s daily calories. 
In the Democratic Republic of the Congo (DRC), about 70% of 
the population relies on cassava as a staple crop (Humpal  et al ., 
 2012 ; Oloruntola,  2020 ). It is a food security crop because it can be 

harvested from 8 to 24 months after planting and can be left on the 
ground as a safeguard against unexpected food shortages (FAO, 
 2022 ). Moreover, the degree of its possible advantages differed 
based on the farmers’ acceptance and application of enhanced 
agricultural technology that boosts output. However, the average 
yield of cassava in the Eastern DRC is still lower (8 t.ha −1 ) than its 
potential yield, which is close to 50 t ha −1  (Munyahali  et al .,  2017 ). 
Research highlights several challenges in cassava production, 
including low-input practices, poor soil fertility, and suboptimal 
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management techniques. Additionally, there is often insufficient 
investment in resilient seed varieties and an effective extension 
system. The vegetative nature of cassava seeds makes them 
bulky, expensive to transport, and highly perishable. This situation 
raises transaction costs and restricts access to clean planting 
materials. Limited access to detailed weather information, poor 
farming practices, and the low use of recommended cassava 
production technologies are among the main factors causing 
the low productivity of cassava in the country (Nweke et  al., 
2000; Ouma et  al., 2011; Humpal et  al., 2012; Kintché et  al., 
2017; Kaluba et  al., 2021). In addition, cassava production 
is exacerbated by the low spread and use of good agricultural 
practices (GAPs) (Casinga et al., 2021) and is affected by climate 
change in terms of drying of cassava plants, and increased 
incidences of pests such as mealy bugs and white flies. The latter 
results in increased incidences of diseases such as cassava 
brown streak disease (CBSD) which leads to reduced yield as 
root tubers are rotten, affecting the quantity and quality of planting 
stems. The scarcity of cassava planting materials is affected by 
CBSD, eventually, leading to low cassava production, which can 
result in food insecurity (Casinga et al., 2021). This underscores 
the urgent need to understand the factors driving the adoption 
of improved cassava inputs. Framing these global and regional 
challenges sets the stage for addressing the specific issues faced 
by Congolese cassava farmers, highlighting how these broader 
constraints affect them locally and supporting the study’s focus 
on technology adoption and farmer diversity. To address these 
limitations, it is crucial to develop and adopt high-yielding crop 
varieties and utilize GAPs.

Hence, efforts are being made by the government, local and 
international organizations, and donors to introduce high-yielding 
cassava varieties that are tolerant to pests and diseases in 
Eastern Africa, including the Eastern DRC (Harry and Otto, 2019). 
The adoption of cassava farming practices and income were the 
subject of previous studies conducted in DRC and around the world 
(Tahirou et  al., 2015; Kilwinger et  al., 2021). Some researches 
laid specific emphasis on the adoption of pest and disease 
management practices (Casinga et  al., 2021) and the impact of 
GAPs on income and poverty (Dontsop Nguezet et  al., 2020), 
respectively. The benefit of cassava production for food security 
(Vurro et al., 2010; Muengula-Manyi et al., 2012; Ezui et al., 2017; 
Munyahali et al., 2017; Mubalama et al., 2019; Onyemma et al., 
2019; Kreye et al., 2020; Onasanya et al., 2021) and the reasons for 
considering diversity as an important factor within this gap need to 
be determined. This research attempted to fill this gap – at best – 
by providing knowledge on the influence of farmer diversity on the 
adoption of cassava production technologies. The study suggests 
that differences in adopting cassava agricultural technology in the 
context of Eastern DRC may be linked to the diversity of farmers in 
terms of their GAPs and socioeconomic characteristics.

Hence, this study aimed to evaluate the diversity among farmers 
in terms of the adoption of improved cassava planting material and 
fertilizers in DRC. Specifically, the study aims to assess the diversity 
among farmers based on their cassava production practices by 
using a multivariate approach to develop farm typologies in order 
to provide valuable insights into different cassava farmers types 
based on their cassava production practices in Eastern DRC. 
Furthermore, the study wants to identify the socioeconomic 
factors that influence the adoption of improved cassava planting 
materials and fertilizer across different cassava farmer types by 
using logit regression analysis to provide an understanding of the 
variables that affect the adoption of improved cassava technology. 
This approach provides key insights for designing targeted 
agricultural interventions and assessing technology adoption, 
scaling readiness, and best agriculture practices in the DRC. After 
the introduction, the next section outlines the methods, the third 
section reports the results of the data analysis, the fourth section 

discusses the study’s conclusions, and the final section is devoted 
to the paper’s conclusions.

Methods
THEORETICAL ANALYTIC CONCEPT OF FARMERS’ 
TYPOLOGY
Farmer typology is a procedure for identifying a group of farms 
that are different in terms of resource endowments (Goswami 
et al., 2014). Various classification schemes, both qualitative and 
quantitative, have been developed to capture the diversity among 
farmers, given the socioeconomic characteristics and biophysical 
circumstances that make up their endowments. Hence, scholars 
have distinguished three main kinds of typology (Alvarez et al., 
2018; Yannick et  al., 2019; Tittonell et  al., 2020). The first one 
is the systematic comparison of the farm’s functioning. This 
approach is based on identifying farm types using criteria from 
local actors or data analysis from farm household surveys (Alvarez 
et al., 2014b; Khandoker et al., 2022). The second is the expert 
knowledge typology, which is based on the participatory ranking 
technique. This latter construction technique utilizes farm clusters 
identified by farmers, local experts, and key informants. It involves 
classifying households based on observable assets by experts, 
and it can be applied over a short-term period. Finally, multivariate 
analysis methods use data and statistical techniques such as 
principal component analysis (PCA), considered dimensional 
data reduction, and clustering analysis (CA), which categorizes 
smallholder farming practices (Hair, 2009). Alvarez et al. (2014b) 
defined PCA as a top algorithm for data selection, aiming to 
decrease the data size, remove noise, and extract meaningful, 
interpretable information for further analysis. It transforms the data 
variables into principal components. In this research, we utilized 
PCA due to its statistical replication potential, and widespread 
preference over other approaches (Musafiri et al., 2020). In this 
study, reconciling typology based on cassava practices with 
farming household socioeconomic characteristics can help guide 
policies and intervention measures, as well as promote and scale 
up cassava agricultural technologies in the Eastern DRC.

SAMPLING AND DATA COLLECTION
This study was conducted in 11 basins in South Kivu and 
Tanganyika provinces in the Eastern DRC. The choice of cassava 
production basin was dictated by the nutritional, economic, and 
sociocultural importance of the cassava plants. The selected basins 
possess conducive agroecological characteristics for cassava 
cultivation, and they host major local, national (INERA-Mulungu, 
INERA-Emilingombe, ITAV), and international agricultural research 
centers (IITA, CIAT) and nongovernmental organizations (FAO), 
which promote improved crop varieties, including cassava, as 
well as good agricultural practices (GAPs). The data collection 
was preceded by pre-surveys in each of the basins to obtain 
information on the number of cassava farmers and an exhaustive 
list of farmers benefiting from improved cassava dissemination 
programs. With the assistance of key informants, such as leaders 
of farmers’ associations, local authorities, extension agents, and 
representatives of farmers’ support structures, we were able to 
identify 46,150 and 21,070 farmers who grow and market cassava, 
respectively, in South Kivu and Tanganyika. Agricultural inspection 
services (Services d’inspection agricole [SIA]) proposed including 
a larger number of cassava farmers from two provinces. After 
discussion, we collectively decided to select a sufficient number 
of farmers to avoid unnecessary costs, logistical challenges, and 
potential ethical and security issues.

We selected the respondents based on the proportion of the sample 
units in each basin. As a result, we chose randomly 972 farmers 
in South Kivu and 345 in Tanganyika, for a total sample size of 
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1317 respondents. Sampling was, therefore, random (probability 
sampling), which involved a random selection of cassava farmers 
based on the convenience of SIA that allows us to easily collect 
project data. SIA selected cassava farmers from their existing 
database. Hence, random sampling minimizes selection bias, as 
every farmer in the population or sampling frame has an equal 
chance of being chosen.

The data collection involved conducting individual interviews and 
field observations utilizing semi-structured survey questionnaires 
programmed in the Open Data Collection Kit (ODK). The survey 
encompassed several key aspects, including farmer GAPs, 
characteristics of the farmer’s household, such as gender, 
age, education level, and marital status, number of income 
sources, household monthly income, household size, and 
primary occupation. Farm-related features included total land 
size, land ownership, and ownership of improved livestock. This 
study collected information on the use of hired and family labor 
on cassava farms, as well as access to training on agriculture, 
breeding, and cassava processing. In addition, wealth-related 
attributes such as the average monthly food self-sufficiency period 
of households from their own fields, food-purchasing habits, and the 
number of livestock species owned were documented. Specifics 
about cassava farming included data on cassava cultivation areas, 
management practices, and the use of improved cassava seeds. 
Information on pest and disease occurrence in cassava fields was 
also recorded, including the incidence of cassava anthracnose 
disease (CAD), cassava bacterial blight disease (CBB), cassava 
brown streak disease (CBSD), and cassava mosaic disease 
(CMD). All participants carried out the research with informed 
oral consent. The confidentiality of all the information from all the 
respondents was ensured. The study was conducted following the 

guidelines set by the International Institute of Tropical Agriculture 
(IITA) Internal Review Board (IRB), and the work and protocols 
of the Regional Integrated Agricultural Development Project Great 
Lakes (PICAGL) were covered by ethics clearance.

STUDY AREA
This study was conducted from December 2019 to January 2021 
in Tanganyika and South Kivu provinces in the Eastern DRC. It 
covered six cassava production basins in South Kivu (Walungu, 
Bunyakiri, Kalehe, Ruzizi Plain, Fizi, and Kabare) and five in 
Tanganyika (Kabimba, Katibili, Lwaminwa, Muhala, and Rugumba) 
(Fig. 1). These cassava production basins are located in a grassy 
savanna characterized by many streams and a mountainous tropical 
climate, where the temperature averages around 19°C and rainfall is 
bimodal, with annual totals ranging from 1300 to 1800 mm. There are 
clay and sandy soils, which are depleted and eroded. The population 
depends mainly on agriculture, livestock farming, and fishing for 
food and income. The main crops essential for livelihoods in the 
region are cassava, maize, sweet potato, sorghum, banana, and 
beans. Moreover, coffee, tea, and sugarcane are the major crops 
grown for commercial purposes. Cassava is an important part of 
many celebrations and daily meals. It is used as an additive in bread 
making and other high-quality products made from cassava flour.

The selection of South Kivu and Tanganyika provinces in Eastern 
DRC as study areas was intentional, reflecting cassava’s critical 
role in nutrition, economy, and culture. Cassava serves as a 
primary food source, meeting over half of the region’s caloric 
needs, while also contributing significantly to household incomes 
due to strong market demand. These areas are ideal for cassava 
farming, benefiting from favorable agroecological conditions, 

Fig. 1. Area of study. Authors’ conceptualization.
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including adequate rainfall, suitable soils, and a supportive climate. 
Cassava holds deep sociocultural significance, shaping diets and 
traditions. Key agricultural institutions promote improved varieties, 
making these regions vital for interventions. Selecting these 
provinces ensures that the study addresses technology adoption 
challenges, developing tailored solutions that recognize cassava’s 
role in sustenance and economic well-being.

DATASET INVESTIGATION AND SELECTION OF THE 
MOST APPROPRIATE VARIABLES
Principal component analysis (PCA) was also conducted using 
orthogonal rotation (varimax) to investigate the dataset and select 
the most appropriate variables. The Kaiser-Meyer-Olkin (KMO) 
measure confirmed the adequacy of the sample for the analysis. 
The KMO value was estimated at 55% (0.55), harmoniously 
surpassing the minimum threshold of 0.5 (50%). To clarify, the KMO 
ratio indicates the suitability of the data for factor analysis. When 
a value of 0.55 was above the bare minimum, following the criteria 
outlined by other scholars (Hair, 2009; Revelle, 2017; Shrestha, 
2021), variables with KMO ratios higher than 0.5 were removed 
from the analysis. Seven components (Table 2) had eigenvalues 
greater than Kaiser’s criterion of 1.0, and the percentage of 
variance explained was 67%, which was greater than 60% and 
within the acceptable limits following Alvarez et al. (2014a), Makate 
et  al. (2018), and Sarker et  al., (2021a) standards. To retain as 
much variability as possible in the dataset, we interpreted the 
first seven principal components, which accounted for nearly 
67% of the total variance in the dataset. The number of principal 
components (PCs) retained was determined based on Kaiser’s 
criterion: all PCs exceeding an eigenvalue of 1.0 were retained 
in coherence with Hertel et al. (2006). The appropriateness of the 
PCA was based on the Kaiser-Meyer-Olkin measure of sampling 
adequacy and Bartlett’s test of sphericity: a value equal to or 
greater than 0.60 and a P-value < 0.05 indicated PCA adequacy, 
respectively, following the criteria of Mabe et al.(2019). To evaluate 
the adequacy of the correlations among the PCA variables, we 
used Bartlett’s test of sphericity. The method involves calculating 
the determinant of the matrix of the sum of products and cross 
products, which is the equivalent of the chi-square statistic. Note 
that in PCA, the communality of a variable is the sum of the squares 
of the sum of products and cross products of a variable are the 
sum of the squares of factor loadings, whereas factor loading is the 
correlation between a variable and a factor (component).

CLUSTER ANALYSIS (CA) AND THE ADOPTION OF 
AGRICULTURAL TECHNOLOGIES
Cluster analysis (CA) was carried out using Ward’s method to 
minimize the variance within a cluster. After clustering based on the 
adoption of GAPs, one-way ANOVA was used to test for significant 
differences between clusters for all variables in the categories 
of: (1) use of GAPs in cassava production, (2) socioeconomic 
characteristics, (3) household wealth attributes, (4) cassava farming 
attributes, (5) awareness of cassava practices, and (6) occurrence 
of pests and diseases in the cassava field. The variables from the 
last class were used to describe the farm type. The correlation of 
variables in each cluster is presented in an ellipse graph (Fig. 3). 
Moreover, logistic regressions were performed in STATA 14 within 
each cluster to evaluate the socioeconomic factors influencing 
the awareness and adoption of key improved cassava production 
technologies identified in the clusters, specifically focusing on 
the use of improved cassava seeds and fertilizers. The variance 
inflation factor (VIF) analysis (Table 8) was conducted for individual 
predictors to detect any significant multicollinearity and reduce 
variables in the model. Goodness-of-fit tests were conducted to 
evaluate the adequacy of the logistic regression models. The 
chi-square test (Prob > chi2) was performed, yielding P-values 
to attest to the models’ robustness and highlight the significance 
of the included variables. Furthermore, the Akaike information 
criterion (AIC) was used to evaluate the model’s fit and maintain a 
balanced consideration of complexity versus explanatory power.

DETERMINANT OF FARMER ADOPTION OF IMPROVED 
CASSAVA VARIETIES AND FERTILIZER
Logistic regression was used to identify the determinants of 
farmers’ adoption of improved cassava seed and fertilizer in 
each cluster. Hill and Smith’s analysis for mixed quantitative and 
qualitative variables was used because they have the advantage 
of capturing the complexity of farming systems by considering 
several farm dimensions at the same time and then by highlighting 
a few dimensions that are more explanatory of farm diversity 
(Alvarez et al., 2014b). The total scores provided additional data 
for exploratory factor analysis. The farmers’ decision to adopt 
improved cassava technologies was captured as a binary choice: 
1 if the farmer adopted it and 0 otherwise (Mugumaarhahama 
et al., 2021; Nguezet et al., 2011). Referring to Wooldridge’s (2002) 
studies on the adoption of agricultural technologies, this study used 
the logit model to examine the factors influencing cassava farmers’ 
decisions to adopt improved varieties and fertilizers by cluster. The 
binary logistic distribution for the use decision is defined as follows:

1
1 ifif ZP

e-=
+ � (1)

In Equation 1, Pi is the probability of the ith and fth farmers adopting 
cassava technologies for improved variety (i) and fertilizer 
(f), respectively. Here, е is the natural logarithm base, and Zif 
represents the function of a vector of n explanatory variables and 
is represented by:

0if if ifZ Xb b= + S � (2)

The choice of technologies can be expressed as a function of 
observable variables in the following logit equation model:

0 1 1 2 2 3 3X X X Xif n n ifY eb b b b b= + + + ¼+ + � (3)

where Yif, in the case of this study, is the dependent variable 
(adoption of improved cassava seed or adoption of fertilizer). The 
variable takes the value 1 if the farmer is currently planting improved 
cassava seed/fertilizer and 0 if not for improved cassava seed and 
for fertilizer, respectively. X, as a socioeconomic factor, is the matrix 
of variables likely to explain the variation in Y (Table 1). Based on 
the literature review, these socioeconomic and demographic 
variables are determinants of farmers adopting agricultural 
technologies because they can affect farmers’ use of improved 
cassava seed and fertilizer technologies. 0b  is the Y-intercept, 
whereas 1 nb b¼  are a set of coefficients to be estimated,  
and 0 . nX X¼  are the explanatory variables hypothesized to 
influence adoption decisions. Estimating equations separately for 
these two technologies allowed for a precise assessment of the 
unique determinants associated with each adoption decision.

Results
SOCIOECONOMIC CHARACTERISTICS OF THE FARM 
HOUSEHOLDS
Table 1 indicates that male heads of household (51%) lead 
most farm households within the entire sample. Specifically, in 
Tanganyika Province, there was a greater proportion of male-
headed households (62%) than in South Kivu Province (47%). The 
heads of agricultural households have an average age of 44 years, 
indicating that they are predominantly adults, with only a small age 
difference between the provinces. According to the survey data, a 
significant majority of these farmers, 79%, are married. This result 
suggested that, like the head of the household, the farmer’s wife 
could also undertake various farm management responsibilities. In 
addition, the average size of the farm households is eight people, 
and the number of farm households varies slightly according 
to the location where the farmers lived, from nine people per 
household in South Kivu Province to eight in Tanganyika Province. 
Regarding education level, descriptive analysis illustrated that 
the household head had an average of 6 years of schooling. 
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Among the farmers, 72% had a primary, secondary, or university 
education. The proportion of farmer heads illiterate was greater for 
South Kivu (33%) than for Tanganyika (14%). Almost half (49%) of 
the farmers’ households (with an average of approximately eight 
people per household) live on a monthly income below USD 100. 
Approximately 34% of households reported an average monthly 
income between USD 100 and USD 300. However, 11% of the 
respondents had an average monthly income between USD 300 
and USD 500, and only 6% reported an average monthly income 
exceeding USD 500. In terms of land access, the cropping area 
was collected in hectares (Table 1), and the household’s mean 
annual land area planted with cassava in hectares (ha) was 0.4 
in Tanganyika and 0.3 in South Kivu. The data also illustrate that 
64% of farmers possess their land through inheritance, while 40% 
acquire land through purchase. Only 24% did not own the land. The 
latter may borrow land from others or rent it. Most of the households 
reported having enough food for ten months while working in their 
fields and an average of nine months when purchasing food, with 
two months of food inadequacy.

FARMING PRACTICES OF FARM HOUSEHOLDS
Table 1 highlights two important practices adopted by most farmers 
in both South Kivu and Tanganyika provinces. The first is the use 
of improved cassava seeds to capitalize on the season. Regarding 
the use of improved cassava varieties, the comprehensive 
analysis indicated that most farmers (68%) employ improved 
varieties of cassava. The adoption rate of improved varieties 
was greater in South Kivu Province (71%) than in Tanganyika 
province (60%). This suggests that agricultural support services, 
agriculture awareness campaigns, and access to improved seeds 
vary considerably according to different socioeconomic conditions 
between the two areas. For land selection, the survey revealed 
that 63% of farming household heads chose a land with a good 
state of fertility. Agricultural practices such as post-fallow cropping 
systems and crop rotations are specific to each province. A post-
fallow cropping system is used by 75% of farmers in Tanganyika, 
whereas this system is used by only 32% of farmers in South Kivu. 
On the other hand, crop rotation is more commonly practiced by 
farmers in South Kivu, with 52% of farmers cultivating their farms 
following a specific crop, compared to 37% in Tanganyika Province. 
Additional practices such as monoculture systems, fertilizer use, 
and tractor and row cropping are less common among farmers in 
both provinces. For example, 35% of farming household heads 
practice monoculture, cultivating a single plant species on their 
farms. The level of adoption of this practice did not significantly 
differ between the provinces of South Kivu and Tanganyika. Survey 
data also show that only 21% of farmers use fertilizer. The level 
of fertilizer use is even lower in Tanganyika (0.6%) than in South 
Kivu (28%). In addition, the level of mechanization on farms in the 
overall sample is still very low. For example, tractors were utilized 
by only 11% of farming households for field preparation overall.

SELECTION CRITERIA FOR IMPROVED CASSAVA 
VARIETIES
The survey’s overall findings indicate that a significant proportion 
(77%) of farmers prioritize root yield when deciding which varieties 
to cultivate, followed by the resistance of the seeds to various plant 
diseases (39%). Farmers in South Kivu Province (40%) took the 
strength of a variety’s resistance to disease more strongly than 
those in Tanganyika Province (36%). In general, some farmers 
select varieties with good taste (38%) and cassava leaf yield 
(33%), while 19% select an improved variety because of its shelf 
life (Table 1).

STEPWISE CHARACTERIZATION OF CASSAVA 
FARMERS IN SOUTH KIVU AND TANGANYIKA
The survey was conducted in the provinces of South Kivu and 
Tanganyika over a year, with three visits (Fig. 2). The first visit 
took place 3 months after cassava planting, the second visit was 
carried out 6 months after planting (MAP), and the third visit was 

conducted 9 MAP. The first visit involved a socioeconomic survey 
and field observation while the second and third visits focused 
solely on field observation. The socioeconomic survey gathered 
from farmer households number of useful information, including 
their main activities, average income, food self-sufficiency, 
agricultural production methods, field size, animal ownership, 
farmer experience, and constraints related to cassava production. 
During the first visit, field observations included recording 
cultivation techniques, measuring field size, collecting geographical 
coordinates, installing three dials (of 5 m × 5 m each), counting 
plants, observing diseases, assessing the incidence and severity 
of mosaic and brown streaks, and measuring plant characteristics. 
In addition, leaf samples were collected for laboratory analysis 
and weed identification. During the second visit, observations 
were conducted by way of recording cultivation activities, spotting/
scrutinizing diseases, evaluating the incidence and severity of 
mosaic and brown streaks, and measuring plant characteristics. 
The third visit involved recording cultivation activities, spotting/
scrutinizing diseases, evaluating the incidence and severity of 
mosaic and brown streaks, measuring plant characteristics, 
identifying weeds, harvesting cassava plants, counting marketable 
and nonmarketable tubers, and measuring tuber and leaf biomass 
as well as linear field metameres.

FARM TYPOLOGY BASED ON IMPROVED CASSAVA 
PRODUCTION TECHNOLOGY ADOPTION
A total of 14 PCs were produced, with the first seven explaining 
62% of the variation. These components, having eigenvalues 
greater than or equal to 1, were retained for further analysis. Hence, 
the PCA of the nine variables related to the uptake of innovations 
resulted in the extraction of seven PCs (Fig. 3). Table 3 displays 
the factor loadings associated with various improved cassava 
production technologies and the selection of sites with excellent or 
average soil fertility (Fig. 5). In the last five seasons, the consistent 
use of improved seeds for each of these components exhibited 
correlation and factor loadings exceeding 0.44, aligning with 
established criteria from Fermont et al. (2010) and Makate et al. 
(2018). These findings fall within acceptable limits and demonstrate 
agreement with the above-mentioned criteria. Hence, the PCA of 
the nine variables related to Good Agricultural Practices (GAPs) 
resulted in the extraction of seven principal components (PCs) 
(Table 2), collectively explaining 67% of the total variance. The 
model demonstrated statistical significance within an acceptable 
threshold (χ2 = 2963.3, P < 0.0001). PCA was implemented as 
a dimensionality reduction technique to identify key variables 
contributing to the heterogeneity of cassava farming GAPs across 
distinct farmer typologies. Retention of principal components was 
based on Kaiser’s criterion, selecting components with eigenvalues 
≥ 1. The suitability of PCA was assessed using the Kaiser-Meyer-
Olkin (KMO) measure and Bartlett’s test of sphericity, ensuring 
data adequacy for multivariate analysis.

To classify farmers into homogeneous groups, Ward’s hierarchical 
clustering method was employed, optimizing intra-cluster cohesion 
while maximizing inter-cluster separation. A dendrogram was 
generated to determine the optimal number of clusters based 
on agglomerative hierarchical clustering. The PCA (Principal 
Component Analysis) identified seven distinct components, each 
contributing to the overall variance in cassava production practices. 
The first component (Comp 1) explained the largest portion of the 
variance, accounting for 16%. This component was positively 
correlated with the use of a mono-cropping system, particularly in 
areas with average to excellent soil fertility, where farmers chose 
appropriate sites for planting cassava.

The second component (Comp 2) explained 11% of the variance 
and showed a correlation between the use of inorganic fertilizers 
and the practice of planting cassava after a fallow period. The 
third component (Comp 3) accounted for 9% of the variance 
and was associated with the adoption of line planting as well as 
the cultivation of cassava following either a short fallow period 
or a specific preceding crop. The fourth component (Comp 4) 
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Fig. 2. Stepwise framework of farmer characterization in South Kivu and Tanganyika. Authors’ conceptualization.

Fig. 3. Scree plot of the eigenvalues after PCA. Authors’ conceptualization.

explained 8% of the variance and was linked to the use of specific 
planting spacing and an understanding of pest and disease control 
measures. Finally, the fifth component (Comp 5) also accounted 
for 8% of the variance and demonstrated a correlation between 

the utilization of tractors and the adoption of improved cassava 
varieties. The sixth component (Comp 6) accounted for 8% of 
the variance and was related to land clearing and weed control 
practices. The seventh component (Comp 7) explained 7% of the 
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Table 2. Loadings from the seven components resulting from the principal component analysis with eigenvalues and percentages of variance explained.

Variables

Correlation between variables and a principal component

Comp 1 Comp 2 Comp 3 Comp 4 Comp 5 Comp 6 Comp 7

Time of planting and harvesting

After fallow −0.32 −0.60 0.08 0.33 0.16 0.14 0.04

After short fallow 0.00 0.23 −0.74 −0.08 0.02 −0.09 0.23

After specific crop 0.41 0.41 0.44 −0.08 −0.10 0.02 −0.21

Use input and agronomics fit practices

Use of Fertilizer application 0.48 0.58 −0.02 −0.03 0.15 0.04 −0.01

Land preparation (use of tractor) 0.02 −0.05 −0.18 0.15 0.53 0.21 0.42

Use of a mono-cropping system 0.47 0.12 0.09 0.29 0.34 0.12 0.01

Use of Line planting −0.10 −0.18 0.56 0.16 −0.06 −0.18 0.30

Used improved planting materials (varieties) −0.13 0.10 0.01 −0.23 −0.60 0.11 0.54

Use of land clearing/weed control −0.02 0.11 0.02 0.21 0.05 −0.84 0.24

Use of planting space (1 m × 1 m) −0.05 −0.02 −0.23 0.49 −0.47 0.24 −0.19

Usage duration of improved variety 0.12 0.33 0.24 0.29 −0.04 0.35 0.47

Awareness of pests and diseases Control −0.16 −0.18 0.16 −0.70 0.21 0.16 0.11

Site selection and farmer’s soil fertility status appreciation

Average soil fertility status 0.82 −0.47 −0.08 −0.08 −0.13 −0.04 0.09

Excellent soil fertility status −0.84 0.45 0.09 0.06 0.12 0.03 −0.09

Eigenvalues 2.18 1.55 1.24 1.18 1.11 1.05 1.01

A portion of variance in percentage (%) 15.56 11.09 8.89 8.43 7.94 7.50 7.19

A cumulative portion of explained variance (%) 15.56 26.64 35.54 43.97 51.90 59.41 66.60

Chi 2 2963.3***

P-value 0.000

Df 91

Notes: Comp = component. Factor loadings more or less 0.44 are marked in bold font. Data were obtained from selected smallholders in the Eastern DRC in 
Tanganyika and South Kivu provinces.
Significance codes: *** p < 0.01; ** p < 0.05; * p < 0.1.

variance, with the last eigenvalue measuring 1.0. This component 
is associated with the duration of use of improved cassava 
varieties over the last five seasons. These findings suggest that 
the adoption of these practices could help identify farms that 
belong to specific clusters.

The decision to select five clusters was informed by dendrogram 
analysis and expert understanding of the study areas. These 
clusters effectively represented real-world variations among 
smallholder cassava farmers. One-way ANOVA in Table 3 was 
used to test for significant differences in key variables, such as 
farm size, income, asset ownership, and adoption of improved 
cassava technologies. The statistical validation showed significant 
differences across clusters, confirming the meaningfulness of the 
classification. Furthermore, the cumulative portion of explained 
variance for each principal component was above 50% at the fifth 
cluster, ensuring robust and interpretable cluster distinctions for 
further analysis.

FARM TYPOLOGY CHARACTERIZATION FROM 
CLUSTER RESULTS
The ellipse in the graphic framework (Fig. 4) illustrates farmers 
within each cluster. Based on the P-values, various factors 

significantly distinguished between the clusters of diverse 
farmer groups. Several factors were found to have a significant 
impact on differentiating farmers into distinct clusters. Several 
factors can influence agricultural productivity. These include 
the gender and age of the household head, the literacy level of 
the household head, marital status, educational attainment, the 
number of available farm laborers, the province in which the 
household is located, the number of family members working 
on the farm, land tenure status, awareness and adoption of 
improved cassava technologies, and the size of the farm. This 
highlights the importance of understanding and characterizing the 
diversity within the farmer population. As is also true for cassava 
farming attributes, farmers’ training, household health attributes, 
awareness of cassava practices, sources of improved seeds, and 
occurrences of pests and disease were also significant (Table 3). 
This indicates that appropriate variables were chosen to construct 
farmer profiles according to their socioeconomic characteristics 
based on the adoption of cassava technologies. Table 3 categorizes 
farmers into five distinct clusters, each representing a specific  
farm type (referred to as Cluster I to Cluster V). The table 
summarizes the distinctive characteristics of each cluster, providing 
insights into the unique attributes and features that define each 
type of farm.

Downloaded from https://cabidigitallibrary.org by guy simbeko, on 03/10/25.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions



Nabahungu et al. CABI Agriculture and Bioscience (2025) 6:1, 0018 https://doi.org/10.1079/ab.2025.0018� 11

Table 3. Summary descriptive table by “cluster” in Tanganyika.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P overall Sign

N=86 N=45 N=76 N=93 N=50

Adoption of improved cassava production technologies

Planting after fallow 67 (77.9%) 36 (80.0%) 51 (67.1%) 77 (82.8%) 33 (66.0%) 0.068 *

Planting after a specific crop 8 (9.30%) 2 (4.44%) 10 (13.2%) 5 (5.38%) 3 (6.00%) 0.357

Use of Fertilizer application 1 (1.16%) 0 (0.00%) 1 (1.32%) 0 (0.00%) 0 (0.00%) 0.753

land preparation (Use of tractor) 12 (14.0%) 5(11.1%) 11 (14.5%) 8 (8.60%) 2 (4.00%) 0.293

Mono-cropping system 36 (41.9%) 21 (46.7%) 20 (26.3%) 23 (24.7%) 13 (26.0%) 0.014 **

Line planting 24 (27.9%) 11 (24.4%) 20 (26.3%) 22 (23.7%) 3 (6.00%) 0.042 **

Used improved planting materials (varieties) 54 (62.8%) 19 (42.2%) 47 (61.8%) 64 (68.8%) 33 (66.0%) 0.046 **

Land clearing and weed control 3 (3.49%) 4 (8.89%) 1 (1.32%) 3 (3.23%) 0 (0.00%) 0.149

Awareness of pests and disease control 1 (1.16%) 2 (4.44%) 7 (9.21%) 4 (4.30%) 2 (4.00%) 0.188

Use of planting space (1 m × 1 m) 25 (29.1%) 15 (33.3%) 26 (34.2%) 17 (18.3%) 11 (22.0%) 0.118

Select a site with average soil fertility status 61 (70.9%) 29 (64.4%) 54 (71.1%) 57 (61.3%) 36 (72.0%) 0.527

Select a site with excellent soil fertility status 23 (26.7%) 15 (33.3%) 20 (26.3%) 30 (32.3%) 9 (18.0%) 0.388

Use at least in the last 2 seasons and approved 
cassava-improved seed

4.76 (3.80) 5.82 (3.91) 5.45 (3.93) 5.78 (4.14) 7.58 (4.19) 0.003 ***

Socioeconomic characteristics

Male household head 15 (17.4%) 33 (73.3%) 41 (53.9%) 55 (59.1%) 19 (38.0%) 0.000 ***

Households farm characteristics

Household size 7.07 (2.47) 9.89 (3.30) 9.53 (3.18) 7.82 (3.19) 8.48 (2.85) 0.000 ***

Age of the household head 30.8 (6.09) 49.3 (7.98) 41.9 (5.29) 57.5 (6.74) 51.0 (11.1) 0.000 ***

Education level

Illiterate/no education 10 (11.6%) 4 (8.89%) 6 (7.89%) 20 (21.5%) 10 (20.0%) 0.052 ***

Primary school level 14 (16.3%) 4 (8.89%) 59 (77.6%) 37 (39.8%) 30 (60.0%) 0.000 ***

High school level 61 (70.9%) 37 (82.2%) 10 (13.2%) 35 (37.6%) 10 (20.0%) 0.000 ***

University school level 1 (1.16%) 0 (0.00%) 1 (1.32%) 1 (1.08%) 0 (0.00%) 1.000

Average years of education 8.08 (3.77) 8.51 (3.51) 5.59 (2.75) 5.53 (3.48) 4.68 (3.21) 0.000 ***

Marital status/Married 70 (81.4%) 40 (88.9%) 67 (88.2%) 82 (88.2%) 39 (78.0%) 0.320

Household heads occupations

Stock breeder 0 (0.00%) 0 (0.00%) 1 (1.32%) 0 (0.00%) 0 (0.00%) 0.489

Office worker 0 (0.00%) 0 (0.00%) 1 (1.32%) 1 (1.08%) 0 (0.00%) 0.869

Trading 0 (0.00%) 1 (2.22%) 0 (0.00%) 0 (0.00%) 1 (2.00%) 0.073 *

Farming 84 (97.7%) 43 (95.6%) 73 (96.1%) 89 (95.7%) 46 (92.0%) 0.644

Income

Number of sources of revenue 1.62 (0.49) 1.67 (0.48) 1.50 (0.50) 1.46 (0.52) 1.48 (0.50)

Average income < 100 USD 25 (29.1%) 10 (22.2%) 41 (53.9%) 45 (48.4%) 33 (66.0%) 0.085 *

Average income 100 USD−300 USD 45 (52.3%) 28 (62.2%) 24 (31.6%) 37 (39.8%) 15 (30.0%)

Average income 300 USD−500 USD 9 (10.5%) 5 (11.1%) 7 (9.21%) 7 (7.53%) 2 (4.00%)

Average income over 500 USD 7 (8.14%) 2 (4.44%) 4 (5.26%) 4 (4.30%) 0 (0.00%)

Owened land 46 (53.5%) 36 (80.0%) 53 (69.7%) 55 (59.1%) 29 (58.0%) 0.022 **

Continued
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P overall Sign

Land owenership

Heritance land 38 (44.2%) 34 (75.6%) 51 (67.1%) 51 (54.8%) 26 (52.0%) 0.003 ***

Buy land 19 (22.1%) 15 (33.3%) 19 (25.0%) 29 (31.2%) 13 (26.0%) 0.565

Location land 2 (2.33%) 1 (2.22%) 1 (1.32%) 3 (3.23%) 2 (4.00%) 0.922

Borrow land 18 (20.9%) 7 (15.6%) 19 (25.0%) 27 (29.0%) 17 (34.0%) 0.211

Household wealth attributes

Monthly Buying food sufficiency period 9.35 (3.37) 9.22 (3.31) 9.29 (3.92) 8.78 (3.87) 9.04 (3.59) 0.854

Number of livestock species 2.67 (1.91) 2.82 (2.12) 2.58 (2.12) 2.58 (2.15) 2.70 (2.00) 0.968

Cassava farming attribute

Years of farming cassava 9.36 (8.58) 8.31 (7.40) 6.88 (5.82) 11.6 (7.19) 35.1 (10.6) 0.000 ***

variete_actuelle_manioc 2.07 (0.97) 2.20 (0.92) 2.33 (1.18) 2.11 (0.91) 2.28 (0.97) 0.444

Use cassava as cash and consumption crop 69 (80.2%) 39 (86.7%) 59 (77.6%) 72 (77.4%) 41 (82.0%) 0.730

Use cassava as a cash crop 5 (5.81%) 1 (2.22%) 2 (2.63%) 1 (1.08%) 2 (4.00%) 0.450

Use cassava as a consumption crop 12 (14.0%) 5 (11.1%) 15 (19.7%) 20 (21.5%) 7 (14.0%) 0.441

Average hired casual labors 3.43 (1.96) 4.82 (3.08) 4.53 (2.54) 3.94 (2.56) 3.58 (2.43) 0.007 ***

Average family labors 1.42 (1.51) 1.78 (1.52) 2.76 (1.59) 1.67 (1.48) 2.04 (1.60) 0.000 ***

Adoption awareness of cassava practices

Training in agriculture 20 (23.3%) 27 (60.0%) 40 (52.6%) 21 (22.6%) 15 (30.0%) 0.000 ***

Training in animal breeding 7 (8.14%) 11 (24.4%) 9 (11.8%) 6 (6.45%) 5 (10.0%) 0.043

Training in processing 0 (0.00%) 1 (2.22%) 1 (1.32%) 0 (0.00%) 0 (0.00%) 0.176

Average number of hoeing tools 3.48 (3.60) 4.20 (4.32) 4.57 (4.79) 2.57 (2.64) 5.74 (6.31) 0.000 ***

Improved variety selection criteria

Hight root yield 72 (83.7%) 40 (88.9%) 63 (82.9%) 68 (73.1%) 41 (82.0%) 0.183

High leaf yield 16 (18.6%) 28 (62.2%) 27 (35.5%) 23 (24.7%) 19 (38.0%) 0.000 ***

Storage 6 (6.98%) 16 (35.6%) 14 (18.4%) 13 (14.0%) 7 (14.0%) 0.001 ***

Diseases resistant 26 (30.2%) 23 (51.1%) 28 (36.8%) 25 (26.9%) 21 (42.0%) 0.043

Last 28 (32.6%) 31 (68.9%) 40 (52.6%) 31 (33.3%) 19 (38.0%) 0.000 ***

Source of improved seed

Research 22 (25.6%) 11 (24.4%) 20 (26.3%) 19 (20.4%) 13 (26.0%) 0.897

Friend 67 (77.9%) 34 (75.6%) 54 (71.1%) 70 (75.3%) 37 (74.0%) 0.902

Parent 15 (17.4%) 28 (62.2%) 18 (23.7%) 24 (25.8%) 15 (30.0%) 0.000 ***

Incidence of pests and diseases in the cassava field

Incidence of rodents in the field 55 (64.0%) 16 (35.6%) 46 (60.5%) 57 (61.3%) 39 (78.0%) 0.001 ***

CAD incidence % 1 (1.16%) 1 (2.22%) 0 (0.00%) 1 (1.08%) 1 (2.00%) 0.751

CBB incidence % 2 (2.33%) 1 (2.22%) 3 (3.95%) 1 (1.08%) 1 (2.00%) 0.809

CBSD incidence % 14 (16.3%) 6 (13.3%) 16 (21.1%) 15 (16.1%) 6 (12.0%) 0.694

CMD incidence % 61 (70.9%) 35 (77.8%) 50 (65.8%) 66 (71.0%) 38 (76.0%) 0.626

Disease incidence general % 8 (9.30%) 2 (4.44%) 7 (9.21%) 10 (10.8%) 4 (8.00%) 0.843

Sample N (%) 86 (18.85%) 46 (13.08%) 76 (19.16%) 94 (19.46%) 50 (29.42%) 352 (100%)

Significance codes: *** p < 0.01; ** p < 0.05; * p < 0.1.

Table 3. Continued.
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Fig. 4. Elucidation of the graph framework with all clusters. Note: Cluster 1 (blue), Cluster 2 (sky blue), Cluster 3 (red), Cluster 4 (yellow), and Cluster 5 
(black). Authors’ conceptualization.

DESCRIPTIVE RESULTS FOR TANGANYIKA 
CLUSTERS
Table 3 presents five clusters identified through cluster analysis 
of farmers in the Tanganyika Province. These clusters are based 

on various factors, including household characteristics, practices 
related to the adoption of improved technology, socioeconomic 
characteristics, modes of land acquisition, and techniques used 
in cassava cultivation. Significant differences were observed in 
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several areas: the number of improved cassava seeds utilized, the 
adoption of monoculture systems, the use of row cropping, seed 
utilization, and cultivation practices following fallowing periods. 
Specifically, the number of improved cassava seeds used in the 
last two seasons showed a significant difference (P = 0.003), as 
did the monoculture system (P = 0.014), the row cropping system 
(P = 0.042), the use of improved seeds (P = 0.046), and cultivation 
after fallow (P = 0.068). Additionally, the analysis revealed 11 
distinct socioeconomic criteria that differentiate the clusters.

For cassava growing practices, three factors considerably 
separated the clusters. These three factors include the number 
of years of experience growing cassava, the number of family 
members utilized in each hectare of agriculture, and the number 
of workers per hectare. Concerning participation in awareness-
raising campaigns on cassava cultivation practices, two factors 
distinguished the clusters: training in cassava cutting practices 
and the average number of hoeing tools owned. The clusters also 
differed in terms of variety selection criteria. The criteria for variety 
selection that distinctly distinguished the clusters included cassava 
leaf yield, taste, and storage conditions. The typological analysis 
of the Tanganyika Province revealed five farmer clusters across 
the districts, each exhibiting unique characteristics and specifics. 
These clusters are presented as follows:

Cluster 1. Young farmers are “very less demanding” in the 
selection of improved varieties
This group, accounting for approximately 19% of households, 
consists of younger, less demanding farmers who distinguish 
themselves from other clusters in several ways. The members of 
these clusters had the lowest average age, which was 30.8 years, 
compared to the other clusters. They also showed a relatively low 
level of adoption of improved cassava varieties, with an average 
of 4.8 varieties used per farmer. Moreover, this group displayed 
limited consideration of factors such as leaf redness, taste, and 
storage conditions when choosing cassava varieties for cultivation. 
The farmers in this group were predominantly women (83%), 
and the majority had completed secondary school (71%), with an 
average number of 8 years of study. Although they are moderately 
educated, they are less involved in agricultural training; only 23.3% 
of the household heads in this group said they had already received 
training in cassava cultivation. The heads of household in this group 
had approximately 9.3 years of experience cultivating cassava.

Cluster 2. Farmers are “very demanding” in the selection of 
improved varieties
This cluster comprises 13% of the sampled households in 
Tanganyika Province. Within this cluster, the predominant 
household heads are males, constituting 73% of the households. 
A substantial proportion of these households had a high level 
of education, 82% of whom had received formal education. The 
average age of the household heads in this group was 49 years, 
and they had an average of 8.3 years of experience in cassava 
cultivation. The participants had an average monthly income 
between 100 and 300 USD (62%), with an average household size 
of approximately 10 people. They own farmland (80%), most of 
which they acquired by inheritance (76%). The authors selected 
cassava varieties with high root yield (89%), good taste (69%), 
high leaf yield (62%), and disease resistance (51%).

Cluster 3. Less experienced and demanding farmers in a 
variety of selection
This group comprises 20% of the household samples. Most 
members of this cluster used improved varieties (62%) compared 
to members in Cluster 2. The cluster primarily consisted of male-
headed households, accounting for 54%. The average age of 
the household heads in this group is approximately 41.9 years, 
and they have an average of 7 years of experience in cassava 
cultivation, which is comparatively lower than that of other clusters. 
The members of this cluster have a primary level of education 

(78%), and they live on a monthly income of less than 100 USD 
with an average number of approximately 10 people per household. 
The majority (53%) had received training in cassava cultivation. 
The authors selected cassava varieties with high root yields (83%) 
and good taste (53%).

Cluster 4. Older farmers are “less demanding” in the selection 
of improved varieties
This group accounts for 19% of the farm household heads. 
Households in this cluster are mostly male-headed (59%), with 
an average of approximately eight people per household. The 
heads of household in this cluster are the oldest (57.5 years) and 
most highly educated (with an average of 8.5 years of education) 
compared to other groups. Farmers in this cluster do not use 
fertilizers because most leave their fields fallow before cultivation 
(83%). In addition, they are not very demanding when choosing 
improved cassava seeds. The primary concern of this cluster was 
root yield, with 73% of the participants prioritizing this gene when 
selecting cassava varieties. In contrast, a smaller proportion of 
the respondents considered attributes such as good taste (33%), 
disease resistance (27%), high leaf yield (25%), and long storage 
life (14%) when choosing which varieties to grow.

Cluster 5. More experienced farmers are somewhat 
demanding in the selection of improved varieties.
This particular group, which constitutes the largest percentage 
(29%) compared to other clusters, is mainly composed of 
households led by women (62%). The heads of household in this 
group used a relatively high number of improved cassava seeds, 
averaging approximately eight seeds in the last two seasons. 
This may be attributed to their extensive experience in cassava 
cultivation, which has an average of 35 years of experience. These 
plants tend to be quite selective concerning choosing improved 
cassava seeds, preferring varieties with high root yields (82%), 
high leaf yields (62%), and sometimes disease resistance (42%) 
and good taste (38%).

DESCRIPTIVE RESULTS FOR CLUSTERS IN 
SOUTHERN KIVU
Cluster 1, farmers who practice monocultures are less 
experienced, use more fertilizer, and are very demanding in 
terms of the choice of varieties
This group comprises 19% of households and distinguishes itself from 
other clusters by employing a significantly greater amount of fertilizer, 
approximately 71%, as indicated in Table 4. They tend to practice 
monoculture at a rate of 75%. Additionally, they often select land with 
average fertility, with this choice made by 82% of households in this 
cluster. Most farmers in this group are women, making up 61% of the 
total. Additionally, a significant majority, 66%, have not received formal 
education. The households in this group tend to be impoverished, 
with a monthly income of less than 100 USD, and an average of eight 
individuals per household. The average age of the heads of these 
households is 55.2 years, but they have less experience in cassava 
cultivation, averaging only 3.5 years, compared to those in other 
clusters. Moreover, the selection of cassava varieties for growth is 
more demanding. The authors selected varieties with high leaf yield 
(85%), long storage life (81%), disease resistance (61%), and good 
taste (61%). The heads of households in this group use cassava for 
both trade and consumption (92%).

Cluster 2, we found older farmers with more experience in 
cassava cultivation and predominantly male heads of 
household
Accounting for 18% of the farm households headed by men 
(62%), the oldest of whom (58.7 years on average) had more 
experience (39.6 years) in farming than did the other clusters. 
While the utilization of improved seeds seems relatively greater 
than that of other clusters, the adoption of improved technologies 
remains lower than that of the other cluster averages in this group. 
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Table 4. Summary descriptive table by “cluster” in South Kivu.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P overall Sign

N=180 N=125 N=183 N=186 N=281

Adoption of improved cassava production technologies

After fallow 24 (13.3%) 36 (28.8%) 112 (61.2%) 54 (29.0%) 90 (32.0%) 0.000 ***

After specific crop 55 (30.6%) 4 (3.20%) 9 (4.92%) 13 (6.99%) 32 (11.4%) 0.000 ***

Use fertilizer 127 (70.6%) 31 (24.8%) 13 (7.10%) 35 (18.8%) 62 (22.1%) 0.000 ***

Use tractor 26 (14.4%) 13 (10.4%) 21 (11.5%) 21 (11.3%) 29 (10.3%) 0.723

Mono-cropping 135 (75.0%) 30 (24.0%) 31 (16.9%) 50 (26.9%) 90 (32.0%) 0.000 ***

Line plant 5 (2.78%) 5 (4.00%) 5 (2.73%) 2 (1.08%) 9 (3.20%) 0.511

Used improved seed 129 (71.7%) 106 (84.8%) 156 (85.2%) 149 (80.1%) 207 (73.7%) 0.002 ***

Weed control 4 (2.22%) 1 (0.80%) 3 (1.64%) 4 (2.15%) 7 (2.49%) 0.896

Pest control 5 (2.78%) 8 (6.40%) 11 (6.01%) 15 (8.06%) 23 (8.19%) 0.181

Planting space 22 (12.2%) 30 (24.0%) 65 (35.5%) 40 (21.5%) 84 (29.9%) 0.000 ***

Select a site with average soil fertility status 147 (81.7%) 75 (60.0%) 30 (16.4%) 128 (68.8%) 213 (75.8%) 0.000 ***

Good soil fertility status 19 (10.6%) 48 (38.4%) 148 (80.9%) 49 (26.3%) 54 (19.2%) 0.000 ***

Use at least in the last 2 seasons and 
approved cassava-improved seed

7.43 (3.78) 5.14 (3.34) 6.16 (4.23) 6.20 (4.03) 5.36 (3.99) 0.000 ***

Socioeconomic characteristics

Male household head 70 (38.9%) 78 (62.4%) 59 (32.2%) 51 (27.4%) 33 (11.7%) 0.000 ***

Household size 8.18 (4.03) 8.72 (4.02) 9.31 (3.56) 8.42 (3.65) 8.32 (3.68) 0.031 **

Age of the household head 55.2 (11.0) 58.7 (12.4) 37.5 (9.08) 44.4 (9.10) 29.8 (7.30) 0.000 ***

Education level

Illiterate/no education 118 (65.6%) 42 (33.6%) 11 (6.01%) 118 (63.4%) 28 (9.96%) 0.000 ***

Primary school level 22 (12.2%) 48 (38.4%) 40 (21.9%) 51 (27.4%) 68 (24.2%) 0.000 ***

High school level 39 (21.7%) 34 (27.2%) 122 (66.7%) 16 (8.60%) 173 (61.6%) 0.000 ***

University school level 1 (0.56%) 1 (0.80%) 10 (5.46%) 10 (5.46%) 12 (4.27%) 0.002 ***

Average years of education 3.29 (3.64) 4.82 (4.00) 8.88 (3.90) 2.70 (2.80) 8.27 (3.98) 0.000 ***

Marital status/Married 164 (91.1%) 106 (84.8%) 136 (74.3%) 122 (65.6%) 205 (73.0%) 0.000 ***

Household heads occupations

Stock breeder 1 (0.56%) 0 (0.00%) 2 (1.09%) 0 (0.00%) 0 (0.00%) 0.172

Officer worker 2 (1.11%) 2 (1.60%) 9 (4.92%) 0 (0.00%) 11 (3.91%) 0.172

Trading 1 (0.56%) 1 (0.80%) 4 (2.19%) 2 (1.08%) 3 (1.07%) 0.741

Farming 176 (97.8%) 121 (96.8%) 165 (90.2%) 181 (97.3%) 259 (92.2%) 0.002 ***

Income

Number of sources of revenue 1.69 (0.56) 1.48 (0.58) 1.79 (0.57) 1.52 (0.60) 1.65 (0.64) 0.000 ***

Average income < 100 USD 114 (63.3%) 43 (34.4%) 59 (32.2%) 111 (59.7%) 166 (59.1%) 0.000 ***

Average income 100 USD−300 USD 41 (22.8%) 52 (41.6%) 76 (41.5%) 53 (28.5%) 73 (26.0%)

Average income 300 USD−500 USD 14 (7.78%) 17 (13.6%) 29 (15.8%) 17 (9.14%) 29 (10.3%)

Average income over 500 USD 11 (6.11%) 13 (10.4%) 19 (10.4%) 5 (2.69%) 13 (4.63%)

Total land size (Ha) 164 (91.1%) 94 (75.2%) 119 (65.0%) 130 (69.9%) 210 (74.7%) 0.000 ***

Land ownership

Heritance land 150 (83.3%) 80 (64.0%) 106 (57.9%) 121 (65.1%) 191 (68.0%) 0.000 ***
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P overall Sign

Buy land 144 (80.0%) 47 (37.6%) 67 (36.6%) 59 (31.7%) 111 (39.5%) 0.000 ***

Location land 18 (10.0%) 1 (0.80%) 13 (7.10%) 7 (3.76%) 11 (3.91%) 0.003 ***

Borrow land 20 (11.1%) 18 (14.4%) 35 (19.1%) 43 (23.1%) 48 (17.1%) 0.034 **

Farmers casual labors 2.87 (2.63) 2.80 (3.16) 2.78 (2.38) 2.53 (2.71) .92 (2.13) 0.000 ***

Family full labors 0.96 (1.46) 0.39 (0.93) 0.63 (1.29) 0.56 (1.26) 0.69 (1.24) 0.002 ***

Household wealth attributes

Monthly buying food sufficiency period 8.67 (3.69) 9.98 (2.84) 9.58 (3.08) 9.97 (2.86) 9.19 (3.56) 0.000 ***

Number of livestock species 2.14 (1.74) 2.24 (1.82) 2.61 (1.84) 2.72 (1.82) 2.67 (1.97) 0.006 ***

Cassava farming attribute

Years of farming cassava 3.47 (4.78) 39.6 (12.0) 16.8 (10.0) 18.0 (8.77) 7.39 (6.76) 0.000 ***

Use cassava as cash and consumption 
crop

166 (92.2%) 92 (73.6%) 149 (81.4%) 143 (76.9%) 210 (74.7%) 0.000 ***

Use cassava as a cash crop 2 (1.11%) 4 (3.20%) 6 (3.28%) 4 (2.15%) 6 (2.14%) 0.617

Use cassava as a consumption crop 12 (6.67%) 29 (23.2%) 28 (15.3%) 39 (21.0%) 65 (23.1%) 0.000 ***

Average hired casual labors 2.87 (2.63) 2.80 (3.16) 2.78 (2.38) 2.53 (2.71) 1.92 (2.13) 0.000 ***

Average family labors 0.96 (1.46) 0.39 (0.93) 0.63 (1.29) 0.56 (1.26) 0.69 (1.24) 0.002 ***

Adoption awareness of cassava practices

Agriculture train 31 (17.2%) 33 (26.4%) 95 (51.9%) 36 (19.4%) 66 (23.5%) 0.000 ***

Animal trail 3 (1.67%) 1 (0.80%) 12 (6.56%) 0 (0.00%) 10 (3.56%) 0.001 ***

Processing training 2 (1.11%) 4 (3.20%) 11 (6.01%) 0 (0.00%) 6 (2.14%) 0.002 ***

variete_actuelle_maniocnumberca 1.86 (0.77) 1.94 (0.69) 2.00 (0.82) 1.94 (0.85) 1.89 (0.72) 0.459

Improved variety selection criteria

High root yield 153 (85.0%) 78 (62.4%) 128 (69.9%) 142 (76.3%) 217 (77.2%) 0.000 ***

High leaf yield 74 (41.1%) 46 (36.8%) 54 (29.5%) 54 (29.0%) 85 (30.2%) 0.050 **

Storage 228 (81.1%) 18 (14.4%) 28 (15.3%) 31 (16.7%) 53 (18.9%) 0.000 ***

Disease resistant 111 (61.7%) 38 (30.4%) 92 (50.3%) 46 (24.7%) 95 (33.8%) 0.000 ***

Taste 110 (61.1%) 28 (22.4%) 58 (31.7%) 50 (26.9%) 98 (34.9%) 0.000 ***

Source of improved seed

Research 63 (35.0%) 35 (28.0%) 81 (44.3%) 69 (37.1%) 84 (29.9%) 0.010 **

Friend 108 (60.0%) 80 (64.0%) 114 (62.3%) 120 (64.5%) 185 (65.8%) 0.768

Parent 79 (43.9%) 26 (20.8%) 51 (27.9%) 49 (26.3%) 87 (31.0%) 0.000 ***

Incidence of pests and diseases in the cassava field

Incidence of rodents in the field 44 (24.4%) 112 (89.6%) 136 (74.3%) 156 (83.9%) 179 (63.7%)

CAD incidence % 2 (1.11%) 0 (0.00%) 5 (2.73%) 1 (0.54%) 7 (2.49%) 0.168

CBB incidence % 3 (1.67%) 2 (1.60%) 12 (6.56%) 9 (4.84%) 13 (4.63%) 0.092 *

CBSD incidence % 20 (11.1%) 19 (15.2%) 37 (20.2%) 25 (13.4%) 50 (17.8%) 0.121

CMD incidence % 109 (60.6%) 91 (72.8%) 110 (60.1%) 131 (70.4%) 176 (62.6%) 0.044 **

Disease incidence general % 46 (25.6%) 13 (10.4%) 19 (10.4%) 20 (10.8%) 35 (12.5%) 0.000 ***

Sample N (%) 182 
(18.85%)

126 
(13.08%)

185 
(19.16%)

188 
(19.46%)

284 
(29.42%)

965 
(100%)

SD: standard deviation. The data were collected from selected smallholder farmers in the Eastern DRC in South Kivu and Tanganyika Provinces; the P-value represents 
one-way ANOVA (equality of group means). Significance codes: *** p < 0.01; ** p < 0.05; * p < 0.1.

Table 4. Continued.
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Additionally, these households demonstrate low participation in 
training programs, which further restricts their ability to adopt new 
technologies. When selecting varieties, farmers prioritize root yield 
(62%), while factors such as leaf yield, disease resistance, taste, 
and storage conditions are considered by a smaller percentage of 
them.

Cluster 3 was characterized by farmers practicing fallow 
systems and trained in cassava cultivation
This cluster comprises 19% of households and differs from other 
clusters in that its members use almost no fertilizer because they 
select land with excellent fertility (81%). In addition, they adopt 
a system of fallowing before cultivation and make greater use of 
improved seeds than farmers in other clusters make fallow. More 
than half of the heads of households in this group (52%) had 
participated in at least one training program on cassava cultivation, 
which was not true for the other clusters. The authors selected 
varieties that exhibited both high root yield (70%) and disease 
resistance (50%).

Cluster 4 comprises 19% of the households, primarily women, 
with an average age of 44.4 years
Despite being less educated and having a lower participation 
rate in agricultural training programs, they have high experience. 
Despite this, these farms mainly utilize improved seeds, indicating 
that capacity building could be an effective strategy for enhancing 
their production systems. Cluster 5 consists of a higher number of 
young farmers, predominantly women (88%), with an average age 
of 29.8 years, and they cultivate a larger variety of improved plant 
types. These farmers typically choose land with average fertility 
that yields high root production (Fig. 5).

DETERMINANTS OF ADOPTION OF IMPROVED 
CASSAVA PLANTING MATERIALS AND FERTILIZER
Table 5 reveals several factors that positively affect the adoption 
of improved cassava seeds among farmers in South Kivu, with 

implications for agricultural planning and intervention. The years 
of cassava farming experience are notably influential in Cluster 
5, where each additional year raises the likelihood of adoption by 
15.1% (P < 0.05). Education, however, plays a crucial role: primary 
education significantly increases the likelihood of adoption in 
Cluster 1 by 17.4% (P < 0.10), underscoring the role of education 
in technology adoption. The land area also emerges as a major 
factor; the total land area cultivated significantly raises adoption 
in Cluster 4 by 46.9% (P < 0.01), suggesting that larger farm sizes 
provide more opportunities for technology use. Furthermore, 
training programs are highly effective in Cluster 5, boosting the 
likelihood of adoption by 18.2% (P < 0.10), and emphasizing the 
importance of farmer education and extension services.

Table 6 presents a more complex set of factors affecting the 
adoption of improved seeds in Tanganyika province. However, 
marital status in Cluster 5 stands out, with being married, 
increasing the probability of adopting improved seeds by 0.95% 
(P < 0.05), suggesting the importance of shared decision-making 
in household farming practices. University education is significant 
in Cluster 5, where it increases adoption likelihood by 20.1%  
(P < 0.10), indicating that higher education can lead to a greater 
understanding and acceptance of agricultural innovations. Total 
land area cultivated in Cluster 1 is another critical factor, enhancing 
adoption probability by 79.6% (P < 0.01), reflecting the benefits 
of having more land to implement new practices. Livestock 
ownership in Cluster 1 also contributes positively, raising adoption 
by 26.8% (P < 0.05), which suggests that livestock assets can 
facilitate investments in improved seeds. Additionally, agricultural 
training remains crucial, increasing adoption by 14.3% (P < 0.10) 
in the overall model, highlighting the value of training programs for 
successful technology uptake.

Table 7 focuses on factors that influence fertilizer adoption among 
farmers in South Kivu, with gender playing a significant role. Male 
farmers in clusters 1 and 5 are more likely to adopt fertilizer, with 
increases of 18.0% (P < 0.10) and 14.9% (P < 0.05), respectively, 
likely due to greater resource access and decision-making power. 
Marital status has a positive effect in Cluster 4, where being 

Fig. 5. (A) Planting after a specific crop, (B) Line planting and fertilizer use, (C) Mono-cropping system and planting 1 m × 1 m, (D) Select site with good 
soil fertility, (E) Awareness of pest and disease control, (F) Use of improved cassava seeds in the last two seasons. This figure has been included with the 
permission of the International Institute of Tropical Agriculture (IITA) as one of PICAGL’s grant-implementing entities. Authors’ conceptualization.
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married raises the probability of adoption by 0.52% (P < 0.05), 
reflecting the benefits of spousal collaboration. The land area 
dedicated to cassava cultivation is highly impactful in Cluster 4, 
where each additional hectare increases the likelihood of fertilizer 
use by 38.8% (P < 0.10), showing the economic benefits of higher 
productivity. While the effects of income are varied, a positive 
income effect highlights that financial resources can facilitate the 
use of fertilizers. Overall, factors such as education, gender, and 
land resources play crucial roles in fertilizer adoption. Additionally, 
agricultural training consistently has a positive impact, increasing 
adoption rates by 6.9% in the overall model. This emphasizes 
the importance of targeted education and resource allocation in 
improving fertilizer use and overall productivity.

The variance inflation factor (VIF) analysis in Table 8 shows no 
significant multicollinearity among individual predictors across 
Tables 5–7. Predictor VIF values in Table 5 range from 1.08 to 
1.44, in Table 6 from 1.05 to 1.40, and in Table 7 from 1.04 to 
1.34, all remaining well below the threshold of 5. High VIF 
values for constants do not affect model reliability, confirming 
the independence of predictor variables. The logistic regression 
models used to study the adoption of improved cassava seeds and 
fertilizers demonstrate strong model fit and robustness. Significant 
chi-square test results with P-values at or below 0.05 highlight the 
importance of included variables. The Akaike information criterion 
(AIC) values indicate a balanced model that avoids excessive 
complexity, while the standard deviation of the dependent variable 
reflects variability in adoption probabilities. Tables 5 and 6 support 
model adequacies with significant chi-square, P-values, and 
appropriate AIC values, emphasizing explanatory power without 
overfitting. Table 7, focused on fertilizer adoption in South Kivu, 
similarly shows strong performance with AIC values and meaningful 
standard deviations. Overall, these results validate the logistic 
regression models as effective for analyzing factors influencing the 
adoption of improved agricultural practices.

Discussion
This study found that differences among cassava farmers are 
influenced by factors such as years of experience, marital status, 
gender, age, land ownership, and land size. Specifically, the age 
of the household head affected the likelihood of adopting fertilizer 
in Cluster 1, while gender had an impact in Cluster 5. In addition, 
younger farmers are more likely to adopt innovations than older 
farmers are. The average age of the household heads in this 
study was 43 years, and the household head had 14 years of 
experience in cassava farming. As found in Malawi and Tanzania 
by Gebrekidan et  al. (2020) and Makate and Mango (2017), 
farmer age is the key factor that helps to explain recent farmers’ 
forced labor and risk perception in farming activities. These 
findings were also observed in previous studies in the Eastern 
region of the DRC (Mubalama et al., 2019) on the determinants 
of adoption and farmers’ preferences for cassava varieties, 
where he illustrated that 67% of the farmers had between 11 
and 20 years of experience. Most cassava farmers are in their 
prime productive years, enabling them to actively adopt modern 
agricultural production technologies. Furthermore, the number of 
years spent farming increases the likelihood of accepting cassava-
improved seeds in cluster 5. According to Makate and Mango 
(2017), farmers attend to various household activities and adopt 
agricultural innovation to support their sex-specific roles in farming 
activities and the decisions they make in their households. Marital 
status and gender male-headed households were more likely 
to intensify fertilizer use than female-headed households were. 
These results are like those found in India, Nigeria, and Rwanda 
by other scholars (Goswami et  al., 2014; Kilwinger et  al., 2021; 
Victor Uzochukwu et al., 2021a). In the South Kivu and Tanganyika 
provinces, male-headed households have access to resources 
such as productive land (Martey et  al., 2013; Nwaobiala, 2017; 
Sarker et al., 2021b). According to the findings of Joshua Udoh and 
Titus Omonona (2008), in Nigeria, no accessibility of production 

resources limits female-headed households concerning fertilizer 
use, implying that male household heads are more likely to adopt 
improved cassava varieties than their female counterparts are. 
The area under cultivation was negatively related to fertilizer 
adoption in Cluster 1 and Cluster 3. The results imply that as 
farm size increases, farmers are more likely not to adopt fertilizer. 
These latter results follow the findings of Ayoola and Makinde 
(2007) and Lambrecht et al. (2016) in East Africa and Ghana on 
the adoption of fertilizer constraints. In 2016, they demonstrated 
that in northern Ghana and the Eastern DRC, the adoption of 
fertilizer was low, especially among smallholder farmers, largely 
due to financial constraints. The current research explains why 
agricultural programs advocate for farmers to have access to 
financial resources and to reasonably manage farming plots.

Involvement in farming activity and training was significant in 
Cluster 4, and income in all clusters, in general, was significant 
and increased the probability of adopting improved seeds in 
Cluster 3 and Cluster 4 and fertilizer in Cluster 5, respectively. 
Most farmers (95%) reported that farming was their main livelihood 
activity. This illustrates how farmers in African countries who 
are deemed experienced in agriculture know the importance of 
fertilizer and are more likely to adopt fertilizer technology (Nwakor, 
2011; Victor Uzochukwu et al., 2021b). Additionally, this awareness 
could determine farming operations on the ground, as well as their 
commitment and investments in agriculture (Asfaw and Admassie, 
2004; Kondo et al., 2020). Furthermore, most of the land is suitable 
for cassava farming. This finding elucidates how much cassava is 
appreciated by farmers and plays a significant role in food supply 
schemes. Cassava leaves and roots are very globally important in 
Africa and DRC since they are consumed annually and regularly. 
They constitute a major component of the local diet and serve 
as a crucial source of income for the population (Munyahali 
et al., 2017). This crop also offers opportunities for employment 
and wealth creation for Congolese people throughout different 
segments of its value chain, from production and food processing 
to final consumption (Abdoulaye et al., 2014; Alliance for a Green 
Revolution in Africa (AGRA), 2015; IITA, 2017).

Moreover, the land area was significant and increased the 
probability of adopting improved seeds in clusters 1, 2, and 3. 
Access to land is cited as an important factor in encouraging the 
adoption of agricultural practices by providing farmers with room for 
diversifying their operations (Lambrecht et al., 2016; Mobio et al., 
2021). However, in the Eastern Democratic Republic of the Congo, 
arable land is becoming rare (Pypers et al., 2011; Munyahali et al., 
2017). In the context of this study, the mean total land size assessed 
for farming was 0.41 hectares on average. This is because, in the 
Eastern DRC in general, people are concentrated in protected areas 
without violence or war where land is productive and accessible to 
infrastructure facilities (Simbeko et  al., 2023). Hence, 72% of the 
households surveyed owned a portion of land to be capitalized, 
as many lands were acquired by inheritance (65%), which is 
essential for allowing farmers to try different technologies with fewer 
restrictions. The latter agrees with the findings of Donkor et  al. 
(2014) in Ghana, (Mubalama et al., 2019) in South Kivu, and Kolapo 
and Kolapo, (2021) in Nigeria. Goswami et  al. (2014) also found 
this in India; their study illustrated that smaller farms are inclined 
toward nonfarm income more than medium- and large farms are. In 
contrast, mid-sized and large farms have increasingly branched out, 
moving from a cereal-based system to a vegetable-based system. 
This requires holistic farm planning and extension intervention rather 
than confining efforts to technology transfer alone.

Nevertheless, geographic location had less impact on agriculture 
technologies adoption. This suggests that there is still a relative 
disparity and gap in the valorization of improved cassava varieties 
and cassava production practices level in different areas in the 
Eastern DRC region, according to Ouma et al.(2011). According 
to Priegnitz et  al. (2019), some agricultural practices, such as 
technology and methods, require more labor than others because 
of diverse operations on the ground. Therefore, households with 

Downloaded from https://cabidigitallibrary.org by guy simbeko, on 03/10/25.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions



Nabahungu et al. CABI Agriculture and Bioscience (2025) 6:1, 0018 https://doi.org/10.1079/ab.2025.0018� 23

Table 8. VIF tests summary – Tables 5–7.

Table and cluster VIF range Constant VIF Signification

Table 5 – Cluster 1 1.08 to 1.27 54.56 No significant multicollinearity.

Table 5 – Cluster 2 1.10 to 1.27 78.79 No significant multicollinearity

Table 5 – Cluster 3 1.10 to 1.44 48.69 No significant multicollinearity

Table 5 – Cluster 4 1.05 to 1.29 63.57 No significant multicollinearity

Table 5 – Cluster 5 1.10 to 1.29 46.96 No significant multicollinearity

Table 6 – Cluster 1 1.07 to 1.32 57.40 No significant multicollinearity

Table 6 – Cluster 2 1.07 to 1.29 64.48 No significant multicollinearity

Table 6 – Cluster 3 1.11 to 1.27 56.93 No significant multicollinearity

Table 6 – Cluster 4 1.08 to 1.40 46.11 No significant multicollinearity

Table 6 – Cluster 5 1.05 to 1.28 47.07 No significant multicollinearity

Table 7 – Cluster 1 1.09 to 1.34 58.66 No significant multicollinearity

Table 7 – Cluster 2 1.09 to 1.29 62.19 No significant multicollinearity

Table 7 – Cluster 3 1.04 to 1.30 53.69 No significant multicollinearity

Table 7 – Cluster 4 1.08 to 1.25 79.10 No significant multicollinearity

Table 7 – Cluster 5 1.05 to 1.20 46.94 No significant multicollinearity

access to more labor are more likely to realize better achievements 
from farming than their counterpart, ceteris paribus (Makate and 
Mango, 2017). The size of a farming household is an important 
measure of labor in traditional agriculture. This has an impact 
on the adoption of fertilizer in South Kivu in this study in clusters  
1 and 5. In the present study, improved seed selection criteria for 
household livelihoods were strongly dependent on high root yield, 
seed disease resistance (77%), and high leaf yield (47%). The 
latter was corroborated by other findings in South Africa (Makate 
and Mango, 2017) and South Kivu (Munyahali et al., 2017; Yannick 
et al., 2019). In addition, it appeared that farmers do not use tractors 
most of the time in land preparation. Most of them were small-
scale farmers who frequently carried out land preparation, sowing, 
harvest, and weeding using manual materials. The results follow 
findings found from twenty countries in Africa conducted by Manyong 
et  al. (2000). The latter demonstrated that cassava production is 
dominated by the small-scale farming system in Eastern Africa, 
covering approximately 1 to 2 acres. Because of the lower small field 
size, adopting such mechanized solutions becomes ridiculous even 
in locations where they are available. Additionally, most cassava 
fields in the Eastern DRC are situated in difficult terrain, which helps 
to explain why tractor use eventually became insufficient there.

The study also showed that field cleaning and disease control are 
inadequate for cassava plants. As shown in other studies (Ajieh 
and Uzokwe, 2008; Alonso Chavez et  al., 2021), most cassava 
producers obtain planting material from nearby farms and their 
own fields. In this way, cuttings are generated without correctly 
checking the foliage for disease symptoms, which perpetually 
activates viral infections. Farmers can avoid planting diseased 
material if they can correctly identify leaf or stem symptoms on the 
plants before the planting season (Chipeta et al., 2016). A study on 
the adoption of improved cassava varieties that classified the traits 
into three different groups in Ghana found that farmers’ preferred 
traits of cassava, such as longevity of root storage in the soil and 
disease resistance, significantly influenced their decision to adopt 
these varieties. This indicates that local knowledge and cultural 
beliefs can play a crucial role in the adoption of new agricultural 
technologies (Acheampong et  al., 2018). In summary, the VIF 
analysis for both South Kivu and Tanganyika confirms that the 
models are not concerned with multicollinearity issues.

METHODOLOGICAL AND EMPIRICAL APPROACH 
CONTRIBUTIONS AND IMPLICATIONS FOR THEORY
The present study revealed that the multivariate statistical 
techniques PCA and CA are suitable tools for identifying important 
socioeconomic characteristics of typical farm households that 
underlie the adoption of new technology, as attested by other findings 
around the world (Bidogeza et al., 2007a; Alvarez et al., 2014a; 
Makate and Mango, 2017; Mugumaarhahama et al., 2021). Thus, 
the choice of multivariate analysis, specifically principal component 
analysis (PCA) and cluster analysis (CA), was justified in this 
study due to the complexity and multidimensional nature of factors 
influencing the adoption of cassava production technologies. The 
multivariate analysis allowed for the simultaneous examination of 
numerous variables to capture the inherent diversity among farmers, 
reducing data dimensionality while retaining critical variance. This 
approach enabled the classification of farmers into distinct clusters 
based on cassava practices and socioeconomic characteristics, 
providing a comprehensive understanding of adoption patterns. 
Compared to simpler methods, multivariate analysis ensures a 
more robust and nuanced analysis, accommodating interactions 
between variables. The differentiation of typical farms should help 
construct models based on typical farm households. With that, 
farmers can objectively be classified into different technology 
adopters. This study breaks away from traditional approaches used 
to characterize dominant farming systems economically. These 
conventional methods often rely on landholding or discussions 
with stakeholders. In contrast, this study first utilized multivariate 
statistics to identify different farm types. Second, a comprehensive 
set of agronomic, economic, and noneconomic variables is 
considered for classification and analysis. Furthermore, Hill and 
Smith’s analysis was used for mixed quantitative and qualitative 
variables. This approach was innovative compared to that of other 
studies because it has the advantage of capturing the complexity 
of farming systems by considering several farm dimensions 
simultaneously and then highlighting a few dimensions that are 
more explanatory of farm diversity (Alvarez et  al., 2014a). This 
study further investigated the determinants of two technologies 
within each identified cluster: improved cassava seed and fertilizer 
usage, while the logit regression analyses were not compromised 
by multicollinearity, and the results derived from them can be 
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interpreted with confidence regarding predictor independence. 
This method accounted for the potential correlations between 
socioeconomic variables, like gender, age, farming experience, and 
land ownership, which significantly influence technology adoption 
patterns in different clusters. The results of this study are in line with 
those of SDG 1 and SDG 2, African Union’s Agenda 2063 (African 
Union, 2006; UN, 2015), and other scholars (Manyong et al., 2000; 
Tahirou et al., 2015; Munyahali et al., 2017; Makate et al., 2018; 
Mubalama et  al., 2019; Casinga et  al., 2021). In particular, the 
objectives of increasing agricultural production and productivity, 
fighting poverty and hunger, and preserving and sustainably using 
biodiversity are needed to address food security issues. This study 
highlights the diversity among farm households in terms of how 
cassava improved the adoption of fertilizer technologies. Hence, 
this study builds upon existing findings on farmer typology and 
adoption of agricultural technology (Bidogeza et al., 2007b; Alvarez 
et  al., 2014a; Makate et  al., 2018) through a comprehensive 
classification process. This study identified five distinct farm types 
that can be targeted for scaling up and readiness for agricultural 
technology. This methodology can be adapted and modified to suit 
different situations and objectives of farm typology studies.

STUDY LIMITATIONS
The variables employed in the principal component analysis (PCA) 
and cluster analysis (CA) in this study may differ based on the 
specific agroecosystem, agricultural practices, and the intended 
focus of farm characterization. In this research, the typology of 
farmers was initially established according to their agricultural 
practices. However, a key empirical weakness is the potential loss 
of information through dimensional reduction, as PCA may obscure 
subtle but relevant variations among variables. Additionally, 
clustering techniques depend on the initial data structure, which 
could result in subjective decisions about the number of clusters. 
These limitations indicate that findings should be interpreted with 
caution and supplemented with qualitative insights or additional 
statistical validation to minimize oversimplification and improve 
the representativeness of the identified farmer typologies. 
Other studies of other scopes could formulate farmer typologies 
based on both agricultural practices and socioeconomic factors. 
Furthermore, the development of data collection instruments should 
also consider these variations to ensure accurate and relevant 
results. The process of variable selection can actively involve 
stakeholders, thereby fostering widespread participation in the 
study. The multivariate approach utilized for farm-type delineation 
can be repurposed for the creation of a software and package 
support system. This system could feature distinct modules, each 
equipped with a versatile set of indicators. Following extensive 
multiplication field-testing, this tool could serve as a valuable 
resource for research and extension agencies, marking the next 
phase of ongoing research. Using logit regression in this study to 
analyze the causal effects of adopting improved cassava planting 
materials and fertilizers may present an empirical limit in the 
inherent assumption that each adoption decision is independent, 
potentially overlooking interaction effects between variables and 
across clusters. Additionally, while separate equations provide 
clarity in understanding specific drivers, they may not fully capture 
the interconnectedness of adoption behaviors, suggesting a 
limitation in explaining overlapping influences comprehensively. 
This highlights the need for considering additional models that 
might better capture complex interdependencies.

A potential limitation of this study regarding the adoption of 
improved cassava varieties and fertilizer technologies in the 
Democratic Republic of the Congo (DRC) is its inability to fully 
capture the complex socioeconomic and cultural factors that 
influence farmers’ decisions. Although the typology offers a 
valuable framework for categorizing farmers based on their 
resources and farming practices, it may not sufficiently consider 
important aspects such as local knowledge, cultural beliefs, 
market access, and the influence of social networks. These factors 

can significantly affect the use of agricultural technologies, and 
their omission could lead to an oversimplification of the realities 
on the ground. Therefore, while farmer’s typology is a valuable 
tool, its application should be complemented with a nuanced 
understanding of the local context.

CONCLUSION AND POLICY IMPLICATIONS
This study revealed that, in the context of the Eastern region of 
the DRC, variation in the adoption of agricultural technologies for 
cassava production is associated with differences in the socio-
economic attributes of farmer diversity. The study came up with 
five distinct clusters of cassava farmers in the Eastern DRC, each 
exhibiting unique characteristics influencing adoption of technology. 
Cluster 1 comprises younger, less experienced farmers accounting 
for low adoption rates regarding improved cassava varieties and 
limited agricultural training. They select land with average fertility 
and give little preference to specific cassava traits. Targeted 
interventions for this group should focus on engaging the youths, 
providing comprehensive agricultural education, and offering 
incentives to encourage adoption of technology. Cluster 2 includes 
older, highly educated farmers who are selective about cassava 
variety traits, prioritizing high root yield and disease resistance. If 
endowed with substantial land in terms of ownership, this group 
would benefit from advanced agricultural practices and tailored 
advisory services.

Cluster 3 consists of less experienced but somewhat demanding 
farmers with moderate education. This category of farmers would 
gain from practical extension services emphasizing training and 
the economic benefits of high-yield cassava cultivars. Cluster 4 
features older, experienced male farmers adhering to traditional 
practices (such as fallowing), and showing resistance to fertilizer 
use. This points to the need for appropriate interventions to promote 
sustainable soil fertility management and assert/showcase the 
benefits of using fertilizers. Cluster 5, the largest group, includes 
experienced female farmers who use many improved seeds 
but do not consistently adopt technology. Empowering women 
in this cluster through training, while also granting them access 
to resources and cooperative models could therefore boost 
productivity and use of technology.

This study highlights the need to strengthen and empower 
organizations/bodies involved in agricultural extension and is one 
of the few studies that laid emphasis on the influencing role of 
farmers’ heterogeneity in the adoption of agricultural technologies 
regarding cassava in eastern DRC and Africa-wide. This aspect has 
long been overlooked in agricultural economic studies in the region, 
despite passing off as one of the main reasons behind the rejection 
of agricultural innovations. Hence, five major types of farms were 
identified, based on best agricultural practices among farmers. 
This study sought to assess at which rates the various kinds of 
farmer households in Eastern DRC adopted new technology for 
cassava production. Given that certain farm types exhibit greater 
propensity for technology adoption, it would be wise to tailor 
extension related messages and policies in a manner to cater for 
specific groups’ needs, including the five farm types identified in 
this study. This targeted approach can enhance the effectiveness 
of these initiatives. Data from 1,317 agricultural households were 
analyzed, and 65 distinct criteria were considered. The results 
showed that the adoption of improved cassava seeds and few 
factors influenced fertilizer use among these five farmer groups. 
These factors included years of farming experience and trainings, 
marital status, income, engagement in agricultural activities, land 
area, gender, age of farmers, education level, and the land on 
which cassava is grown.

As specified in the study, stakeholder initiatives aimed at advancing 
agricultural technologies had to be customized to suit respective 
cohorts of farmers and the socioeconomic factors revealed by 
the research. Additionally, study (1) offered insightful information 
for developing policies and plans for disseminating agricultural 

Downloaded from https://cabidigitallibrary.org by guy simbeko, on 03/10/25.
Subject to the CABI Digital Library Terms & Conditions, available at https://cabidigitallibrary.org/terms-and-conditions



Nabahungu et al. CABI Agriculture and Bioscience (2025) 6:1, 0018 https://doi.org/10.1079/ab.2025.0018� 25

innovations throughout the DRC. (2) The authors stressed the 
worthiness of establishing efficient institutional frameworks for 
extension services to accelerate the adoption of technologies for 
cassava production growth. Additionally, number of aspects were 
suggested, with the purposes of improving the use of fertilizers and 
planting materials for cassava, (3) laying emphasis on elements 
such as land area, land ownership, agricultural experience, marital 
status, and gender-sensitive decision-making. To sum it all up, 
not only does this study methodically contribute to understanding 
farm typologies and socioeconomic determinants of technology 
adoption, but it also (4) provides for guidance for future research 
on various agricultural practices and technology adoption, way 
beyond the scope of cassava seed and fertilizer technologies. (5) 
The need for policies that underpin the sustainable enhancement 
of cassava productivity should be emphasized, as should the role 
of the government and NGOs in promoting factors conducive for 
technology adoption and sustainable agriculture in the DRC. On 
their side, DRC’s policymakers should set priority on establishing 
effective institutional structures with potential to promote the 
adoption of availed cassava farming technologies.
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