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ABSTRACT

Cassava is a perennial crop known for its adaptability to diverse agro-ecological conditions. In
many tropical countries, including the Democratic Republic of Congo (DRC), it is a key
contributor to food security, making it the most important staple food. Nearly 90% of cassava
roots and leaves harvested in the DRC are consumed by humans, contributing significantly to
the population's energy, protein, and micronutrient intake. This study evaluated 136 cassava
varieties, including nine improved varieties developed by IITA and INERA-DRC along with 120
local varieties collected from various agro-ecological zones and maintained by INERA.
Conducted at INERA Mvuazi in Kongo Central, DRC, the trial used an alpha lattice design with
eight blocks and 17 plots replicated twice. Key agronomic traits such as CMD, plant height,
biomass, harvest index, dry matter content, starch, and fresh root yield were profiled.
Significant phenotypic variation was observed, particularly in plant height (2727.79cm),
biomass (55.05kg), and yield (44.24t/ha), with high heritability estimates for traits like starch
content (0.55) and biomass (0.98). Hierarchical clustering identified five distinct groups with
varying traits and performance, highlighting the diversity within the germplasm. Genotypic
analysis using SNP markers revealed substantial genetic diversity, with population structure
analysis identifying four genetic clusters. The integration of phenotypic and genotypic data
provided a comprehensive understanding of the relationships within the germplasm. The
study identified 47 top-ranking cassava varieties with exceptional multi-trait performance,
suitable for breeding programs aimed at improving yield, disease resistance, and dry matter
content. This research offers valuable insights into the genetic and phenotypic diversity of
cassava germplasm in the DRC, supporting future breeding efforts.

Keywords: Cassava germplasm, Agronomic Traits, SNP Markers, Hierarchical Clustering,
Genetic Diversity.

INTRODUCTION

than 800 million rely on the cassava crop (Howeler et al.,
2013; Munyahali et al., 2017). Generally, people process
cassava to produce industrial products like ethanol,

Cassava is a tuberous and starchy crop and the most

grown in the world after cereals such as rice, wheat, and
maize (Katz & Weaver, 2020; Adebayo, 2023). It plays an
important role in the daily dishes of more than billions of
people around the world and remains a crucial staple
food of the Sub-Saharan African population, where more
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starchy, and high-quality cassava flour and starch, as well
as several traditional products like lafun, fufu, gari,
tapioca, chikwangue, and attieke (Adebayo & Silberberger,
2020; Adebayo, 2023). In addition, cassava offers the
opportunity to use its leaves as stews, which leads to a high
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contribution to food security and potential income
generation for farmers in Sub-Saharan Africa (Hauser et al,,
2020; Malik et al., 2020).

In the Democratic Republic of Congo (DRC), the
second-largest producer of cassava in the world after
Nigeria, with an average production of 45 MT per year,
cassava root and leaf are known as the primary food of
more than 90 million Congolese. Cassava production
significantly increased during the last decade with
population growth, particularly with the COVID-19 crisis,
when the wheat flour became rare in the African market. It
is a famine reserve crop and cash crop that serves as a
buffer against household food crises (Burns et al., 2010;
FAOSTAT, 2022). Adebayo (2023) has demonstrated that
the high cassava production is due to the significant
increase in the harvested area. The yield in Africa remains
relatively low, averaging 8.0 t and varying from 5.7 to 9.6 t,
depending on the variety.

It is noted that cassava yield production is low in
Africa, particularly in the DRC, and it is far below the
world average of about 30t.ha™" in Asia and Latin America
(FAOSTAT, 2022; Malik et al., 2020). Even though cassava
grows in rough terrain and there aren't many breeding
programs for it, abiotic and biotic stresses make it hard
to grow (Legg et al. 2011; Kintché et al. 2017; Bakelana et
al. 2020).

Since 1933, the DRC has primarily driven its cassava
breeding program by introducing advanced clones and
implementing release-based projects in each province to
address occasional issues (SENASEM, 2019). It has
resulted in low adoption until recent years due to
ecological diversity and the emergence of new diseases
and pests across the country (lITA, 2024). To overcome
these challenges, there is a need to establish a strong
cassava program with a thorough knowledge of the
diversity of the available germplasm and mostly local
cultivars by characterizing and breeding in the local
conditions for sustainability (Pierre et al, 2022;
Amelework et al., 2021). We conducted this exercise
across various countries and crops to bolster our
breeding programs. The study of the yam cultivar
collection in Benin (Agre et al., 2021) revealed two groups
that could allow for their conservation before being
replaced by improved and introduced varieties. In the
meantime, yam landraces in Nigeria showed a lot of
potential for crossing. They could be used as donors to
improve many traits and target desirable genes of
interest in Africa (Agre et al, 2023) using SNP markers
along with phenotypic traits and socio-cultural factors
(Loko et al., 2015). Researchers reported a similar trend
when screening the entire germplasm of African rice
(Oryza glaberrima) in various West African countries for
resistance genes to abiotic stresses (Sikirou et al., 2018;
Shaibu et al., 2018; Agbeleye et al., 2019), with genomic
studies highlighting the underutilized potential in Africa
and the domestication pathway (Wambugu et al., 2019).
Additionally, researchers had made several attempts to
uncover the genetic diversity of cassava, especially in
Africa. In 2013, Kawuki et al., (2013) reported the genetic
diversity among the cassava cultivars in central, eastern,
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and southern Africa after genotyping by collecting leaves
for microsatellite analysis. During the last decade, single
nucleotide polymorphisms (SNPs) remained the most
used to approach the genetic variations in cassava
germplasm (Nkhoma et al, 2020; Adu et al, 2021).
Recently, SNP markers were used to find small genetic
differences in Burundi's cassava germplasm. They
described 118 cultivars based on their morphological traits
and fresh yield roots (Pierre et al, 2022). During these
years, Cassava Mosaic Disease (CMD) devastated the crop.
The disease eroded the country's genetic diversity by
wiping out the existing varieties on the ground, primarily
because they were susceptible to the Ugandan variant's
virus (Mahungu et al., 1994; Faostat, 2022).

Several attempts were made to restore the cassava
germplasm in the DRC, with many clones introduced from
West and East Africa and the local cultivar collected from
farmers’ fields during the socio-economic survey (Bisimwa
et al, 2019). Therefore, this study aims to assess the
genetic diversity of the current cassava germplasm in DRC
based on phenotypic traits and fresh yield root, combining
it with SNP markers through Diversity Arrays Technology
and genotyping-by-sequencing (DArTseq). The goal is to
identify the relationships within the germplasm to ensure
its appropriate conservation and use in improving the
cassava breeding pipelines, such as those producing white
and yellow roots and leafy vegetables.

MATERIALS & METHODS

Genetics Materials

This study used a total of 136 cassava varieties,
including nine improved varieties and 120 local varieties.
The improved cassava ones were developed by the IITA
and INERA-DRC, while the local cassava varieties were
collected across different agro-ecological zones and are
being maintained by the INERA.

Trials Design and Data Collection

A total of 136 genotypes were evaluated during the
cropping season 2020-21 to assess the performance of
DRC germplasm collection. The trial was established in
INERA Mvuazi, Kongo Central, in the Democratic Republic
of Congo, geographically located at Alt 990m, Lat: S
02°47.664', Long: E 028°58.137". The trial was designed
using an alpha lattice and laid out in 8 blocks with 17 plots
(entries) replicated twice.

Two-row plots with five plants spaced one meter apart
and within rows were used for each genotype in the trial.
No fertilizer, irrigation, or pesticide was applied and weeds
were managed throughout the growing period. The
genotypes were profiled using key agronomic traits such
as cassava mosaic disease (CMD), plant height (Phe),
biomass, harvest index (HI), dry matter content (DMC),
starch, and fresh yield root (Yield). Data were collected at
different plant growth stages. The agronomic data were
recorded following the protocol described by IITA (1990),
while the CMD severity was assessed according to Legg et
al. (2015), as detailed below in Table 1.



Table 1: Phenotypic traits used for cassava profiling
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Traits Code Sampling period Trait Nature methods

Cassava CMD 06 MAP Qualitative Measure using the scale 1 to 5, 1 means no infection, 2 is mild infection, 3 is moderate infection, 4 is

Mosaic Disease severe infection, and 5 is very severe infection.

Harvest index HI 12 MAP Quantitative Ratio of the weight of the fresh roots (marketable and non-marketable) to the total quantity of biomass.

Biomass biomass 12 MAP Quantitative It is a measurement of the aboveground of the shoot portion including leaves, stems and branches
in each plot.

Plant height Phe 12 MAP Quantitative The measurement was taken using a graduated slat placed along the stem from the ground of the
soil to the top of the plant.

Dry matter DMC 12 MAP Quantitative Dry 100g of cassava fresh root at 70 °C for 72 hours. The dried sample was weighed, and the root

content dry matter content (percentage) was calculated as the ratio between fresh weight and dry weight
(Ekanayake, 1996).

Starch Starch 12 MAP Quantitative It is a linear regression between the specific gravity and the dry matter content as described by
Safo-Kantanka & Owusu-Nipah (1992)

Yield Yield 12 MAP Quantitative It implies the weighing in tons of all recovered storage roots in the net plot at the harvesting.

Genotypic Study combining phenotypic and genotypic distance matrices to

In this study, we genotyped a total of 136 cassava
using the quality control SNP markers developed by IITA-
Ibadan. Cassava leaves were collected from young plants
as discs and then shipped to Intertek Swaziland for DNA
extraction and genotyping.

Statistical Analysis

Analysis of variance was performed to determine
differences among the accessions for the various traits
using the variability R package (Popat & Porma, 2020).

The generated LSmeans for the 136 varieties were
then used for principal component analysis in the
FactorMiner and MissMDA R packages (Josse & Husson,
2016). The optimal number of factors to be retained was
determined using the dimdesc function in R, and the
contribution of each trait was determined using the
principle of Peres-Neto et al. (2003). Each trait's
contribution was determined using Peres-Neto et al. (2003)
principle. A dissimilarity matrix was generated using the
Gower method implemented in cluster R packages
(Maechler et al, 2023). The final hierarchical cluster was
then performed using the ward.D2 method in the cluster R
package 42. Correlation among the different phenotypic
variables was performed using the R software and the
result was displayed as a heatmap.

Genotypic Data Assessment

The entire population was genotyped using 40 sets of
Kompetitive alleles-specific markers developed by the
cassava breeding unit at the International Institute of
Tropical Agriculture, [1ITA-Ibadan. Summary statistics,
including allele frequencies and heterozygosity for both
SNP markers and genotypes, were calculated using PLINK
1.9 version. Population structure was inferred using
Admixture, with the optimal number of clusters
determined by k-means clustering. Discriminant analysis of
principal components (DAPC) was applied to identify
distinct groups, and membership probabilities were
assigned based on a 70% cutoff. Genetic differentiation
between groups was assessed using Fst and pairwise
genetic distances calculated with VCFtools and
Phylentropy, respectively. Finally, a hierarchical clustering
dendrogram was constructed using Ward's method to
visualize population relationships.

Joint Analysis of Phenotypic and Molecular Data
A joint dissimilarity matrix was constructed by

integrate  phenotypic and genotypic information.
Hierarchical clustering was then performed using the
combined matrix of the phenotypic and genotypic data.
The resulting dendrograms were compared using
tanglegram analysis to assess their similarity.

Identification of Top-ranking Cassava Varieties

The total genetic values (BLUP) were used to calculate
a multi-trait index based on the factor analysis and
ideotype-design (FAI-BLUP) index using the Metan
package (Olivoto & Nardino, 2020) implemented in R. The
FAI-BLUP index was used to identify the best cassava
varieties (ideotypes) based on multi-traits and free from
multicollinearity. A radar chart was generated to visualize
the selected cassava varieties using the radar chart
function implemented in the Metan R package. The radar
chart function also visualized the strengths and
weaknesses of the selected cassava ideotypes (Olivoto &
Nardino, 2020).

RESULTS

Phenotypic Traits Profiling

The assessment of phenotypic variation within a
common population is an important step for breeders in
developing a new variety that combines genetic and
environmental factors to fulfill the target market. Table 2
displays the traits measured in this study. It also shows
illustrates the performance of the genotypes performed
and the variations in the genetic parameters for CMD,
plant height, biomass, dry matter content, starch, and yield
in the cassava germplasm in the. Significant variation was
observed in the trait within the germplasm. High
phenotypic variation was observed in the traits such as
plant height (2727.79), biomass (55.05), and yield (44.24)
compared to dry matter content (18.62) and starch content
(11.29). The same trend was reported for the genotypic
variation. However, there was almost no variation between
the harvest index (0.01). High-to-very-high heritability
ranged from 0.55 to 0.98 for starch content and biomass,
respectively. It is worth noting that the average mean for
the CMD is 1.61 and that the germplasm included
genotypes with high average yield (37.47), dry matter
(56.57%), and starch (41.44%).

The correlation showed that there was a strong
positive link between starch and dry matter content. There
was also a highly positive link between fresh yield root,
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Table 2: Summary statistic and phenotypic traits variation
Source of variation CMD Phe (cm) HI Biomass DMC (%) Starch (%) Yield (t/ha)
Min 1 41.0 0.07 0.43 18.80 747 2.6
Max 5 200.50 0.94 43.82 56.57 41.44 77.73
Mean 1.61 115.97 0.47 12.05 35.29 19.25 37.46
Genotypic Variance 0.75 2456.24 0.01 54.05 11.06 6.28 43.54
Phenotypic Variance 1.02 2727.79 0.01 55.05 18.62 11.29 44.24
* Heritability 0.76 0.90 0.96 0.98 0.59 0.55 0.96

Min: Minimum, Max: Maximum, CMD: Cassava mosaic disease; Phe: Plant height; HI; Harvest index; DMC: Dry matter content, *: Broad sense
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plant height, harvest index, and biomass. However, a
negative relationship was observed between the yield,
CMD, dry matter content, and starch (Fig. 1). Overview: the
CMD was negatively correlated with all the traits measured
in this study except with biomass.

The principal component analysis showed that the first
three components varied by 75.69, with 29.80 and 56.57
contributing to the variation from the first to the second
component (Table 3). Traits like dry matter and starch
content were identified to be highly positive (0.83) and

associated with the first component. In contrast, yield,
biomass, plant height, starch, and dry matter content were
associated with the second component. The third
component was characterized negatively by the harvest
index but positively associated with CMD.

In addition to the principal component analysis with
the traits, hierarchical clustering was applied to group
individuals based on their similarities in this study (Fig. 2).
We identified five distinct groups with different traits and
performance. Group 1 comprised the smallest



subpopulation, and it was constituted by the introduction
of cassava clones, including DSC260, which was recently
introduced by DSMZ for the resistance to CBSD. Group 2 is
mostly made up of biofortified and released white cassava
varieties, such as Pululu, which was chosen for its resistance
to CAD. It made up 23.52% of the total population. Group 3
(27.94%) had the most cultivated varieties (OBAMA and
OBAMAT1) in DRC, as well as the wild cassava M. glaziovii
(GRAZ20210005). Lastly, we have Group 5, with varieties
like Zizila, known for its long storage capacity, and Litoy,
with its high yield and high dry matter.

Table 3: Principal component analysis with traits contribution on the first
six components

Traits Dim.1 Dim2 Dim3 Dim4 Dim5 Dim.6
CMD -0.19 -0.26 0.42 0.83 0.10 -0.03
PH -0.37 0.62 0.16 -0.11 0.65 0.01
Biomass -0.58 0.58 0.38 0.01 -0.33 0.22
HI 0.13 0.185  -0.87 0.36 0.10 0.18
DMC 0.83 0.47 0.22 0.08 -0.03 -0.01
Starch 0.83 0.48 0.20 0.085  -0.01 0.06
Yield -0.39 0.76 -0.33 0.17 -0.24 -0.23
Eig 2.08 1.87 133 0.89 0.62 0.14
Y%variance 2980 2677 1912 1273 895 2.03
Cumulative (%) 2980 56,57 7569 8843 9738 100

Genetic Diversity Assessment

A total of 36 SNP markers were used to access the
genetic summary statistics, such as the polymorphism
information content (PIC), the observed and expected
heterozygosity, and the minor allele frequency (MAF). The
expected heterozygosity varies from 0.04 to 0.5, while the
observed heterozygosity varies from 0.3 to 0.5 (Fig. 3). For
the polymorphism information content and the allele
frequency, it was reported to vary from 0.05 to 0.5 (Fig. 3),
respectively.

Int J Agri Biosci, 2025, 14(3): 461-472.

Population Structure and Diversity Assessment using
the QC Markers

Using the Bayesian information criteria, k=4 was
identified as the optimal cluster (Supplementary Fig. 1).
The discriminant analysis showed that the 136 varieties of
cassava were not evenly spread across the four genetic
groups (Fig. 4). Cluster 1 had 37 cassava varieties of all
local landraces collected from the Kongo central regions.
In group 2, we identified 46 cassava varieties collected
from the different agroecological. A total of 18 cassava
landraces were grouped in cluster 3. Cassava varieties of
these clusters were all collected from the Kongo Central
region. Cluster 4 had a total of 35 cassava varieties. In this
cluster, we reported the presence of both landraces and
breeding lines. Using the IBS matrix, the genetic distance
varies from 0 to 0.42, with the lowest genetic distance
reported among several landraces collected from different
agroecological zones. In contrast, the highest genetic
distance was reported between landraces and breeding
lines. The IBS genetic distance revealed several cassava
varieties with low genetic distance, potentially leading to
their classification as duplicates. Clustering analysis-based
IBS classified the 136 cassava varieties into four clusters
(Fig. 5). Using the posterior probability and through the
admixture analysis, 38 cassava varieties were identified as
admixed ones (Fig. 6). We identified the admixt varieties
with a low posterior probability. Most of the cassava were
identified as homogenic with an ancestry probability
greater than 70%. It's worth noting that the admixed
cassava varieties were the improved cassava varieties.

Using the Gower dissimilarity matrix generated from
the phenotypic data and the Jaccard dissimilarity matrix
originated from the SNP markers, few genotypes were
properly aligned across the two clusters (Fig. 7).

Cluster Dendrogram

Fig. 2: Hierarchical clustering based on seven phenotypic traits.
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Fig. 4: Discriminant analysis displaying the 4 genetic groups using the QC markers.

Ideotype Cassava Varieties as Progenitors were chosen for their exceptional multi-trait performance,

Using the MGDI technique, we identified 47 cassava including high yield, low disease, and high dry matter
varieties as top-ranking out of 136 (Supplementary Fig. 8). content with high starch. The selected 47's strengths and
The MGDI index ranged from 9 to 14, and of the 136 weaknesses were presented in a radar plot that accounted
studied, 47 had low MGDI index values. The 47 top-ranking for each factor's proportion (Fig. 8).
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Fig. 5: Hierarchical clustering-based QC SNP markers.
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Fig. 6: Population structure using QC SNP markers: Each color stands for different group, while each bar represents a single cassava variety.

DISCUSSION

Understanding the existing genetic resources is
fundamental for the long-term sustainability of cassava
(Manihot esculenta) breeding programs. Germplasm
collections and evaluations play an essential role in
conserving genetic resources and improving the
development of new varieties that are adapted to target
population environments. Genetic diversity provides the
raw material for breeders to withstand various stresses by
identifying desirable traits such as high vyield, disease
resistance (to biotic stresses like cassava mosaic disease
[CMD], cassava brown streak disease [CBSD] and cassava
anthracnose disease [CAD]), abiotic stress resilience (e.g.,

drought, submergence, cold and soil fertility) and improved
root quality (Ceballos et al., 2020; Liang et al., 2024).

Since the 2000s, cassava production in the Democratic
Republic of Congo (DRC) has faced significant challenges
due to CMD outbreaks, leading to a substantial loss of
germplasm. As noted by Mahungu et al. (1994), efforts to
restore cassava production primarily relied on germplasm
introductions from IITA's West and East African breeding
programs. However, the lack of regular germplasm
updates has limited the genetic diversity available to DRC
breeding initiatives. This study aims to evaluate the genetic
diversity of cassava germplasm in the DRC using
phenotypic and molecular data, providing insights for
sustainable breeding strategies.
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Fig. 7: Phenotypic and genomic comparative cluster showing few genotypes (highlighted red) identified in the same group.

Phenotypic variation is an essential aspect of breeding
programs, as it reflects observable traits that influence
crop productivity and farmer preferences. In this study,
significant variation was observed in key agronomic traits
such as fresh root yield, CMD severity, dry matter content
(DMC) and starch content. Phenotypic diversity was
highlighted by clustering analysis, which identified five
distinct groups of cassava varieties. Such diversity
underscores the importance of exploring and utilizing
locally adapted and farmer-preferred varieties in breeding
programs (Simiyu, 2023).

Previous studies have consistently highlighted the
critical role of phenotypic diversity in cassava breeding.
For example, Elias et al. (2000) demonstrated significant
genetic variability in traditional cassava farming systems,
while Kamanda et al. (2020) reported similar findings in

biofortified cassava cultivars. In this study, cassava
varieties exhibited high yields (maximum average yield of
77.73%), high dry matter content (56.57%) and high
starch content (41.44%), aligning with the findings of
Ceballos et al. (2015), who emphasized the integration of
genetic diversity with phenotypic evaluation in cassava
improvement.

Importantly, the CMD severity score in this study
ranged from 1 to 5, with a median severity of 1.61,
indicating that most germplasm exhibited resistance or
tolerance to CMD. This finding aligns with similar studies
on disease resistance in cassava germplasm. For instance,
Liang et al. (2024) reported genetic improvements in CMD
resistance in cassava breeding populations, emphasizing
the need for regular germplasm evaluation to address
emerging disease pressures.



The strengths and weaknesses of the selected clones
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Fig. 8: Radar chart displaying weakness and strength of the selected cassava varieties.

Heritability estimates are crucial for determining the
potential for genetic improvement in breeding programs.
The high heritability observed in traits such as yield,
DMC, and starch content (ranging from 0.55 to 0.98)
reflects the robustness of the trials and the reliability of
the results. High heritability simplifies the selection
process and accelerates genetic gains, as documented by
Ceballos et al. (2020). Furthermore, the observed negative
correlation between fresh root yield and CMD severity
score suggests that CMD severity can serve as a
secondary trait for selecting high-yielding and disease-
resistant varieties. Similar relationships have been
documented in other studies, such as Darkwa et al.
(2020), who emphasized the importance of indirect
selection strategies in cassava breeding.

The molecular analysis using SNP markers provided
complementary insights into the genetic diversity of
cassava germplasm. By integrating  clustering
techniques such as Discriminant Analysis of Principal

Components (DAPC), hierarchical clustering, and
structure analysis, four well-defined genetic groups
were identified. These findings highlight the
effectiveness of molecular markers in uncovering genetic
relationships that may not be evident through phenotypic
observations alone (Agre et al., 2021). Molecular markers,
particularly SNPs, have revolutionized cassava breeding by
enabling high-resolution genetic analyses. In this study,
the integration of phenotypic and molecular data revealed

inconsistencies between phenotypic and molecular
clustering, emphasizing the need for combined
approaches. Previous studies have reported similar

discrepancies in clonal crops such as provitamin-A cassava
(Kamanda et al, 2020) and yam (Agre et al, 2023) and
sugarcane (Alves et al, 2017). The importance of
integrated approaches in breeding programs cannot be
overstated, as they provide a comprehensive
understanding of genetic resources and their potential
applications.
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Supplementary Fig. 8: MGDI displaying the 47 selected cassava varieties.

Using the MGDI (Multi-Trait Genotypic Diversity
Index) method, 47 superior cassava varieties were
identified, combining phenotypic and molecular diversity.
This approach offers a robust framework for selecting
progenitors in targeted breeding programs. As suggested
by Ouattara et al. (2024), identifying superior progenitors is
critical for enhancing productivity, resilience, and the
overall utility of cassava as a staple crop, particularly in
regions like the DRC where cassava serves as a primary
source of food and income.

Germplasm exploration in diverse environments,
including wild relatives, local landraces, and farmer-
selected varieties, is pivotal for restoring genetic diversity
and addressing challenges such as CMD and climate
change. This study’s findings highlight the effectiveness of
germplasm restoration efforts in the DRC, as evidenced by

the collection of disease-resistant and high-yielding
varieties. Recent studies, such as Liang et al. (2024) and
Simiyu (2023), have emphasized the role of diverse
germplasm in developing climate-resilient and high-
yielding cassava varieties.

The findings of this study underscore the need for
continuous germplasm evaluation and integration of
modern breeding tools in cassava improvement programs.
Enhanced germplasm collection and conservation should
involve expanding exploration efforts to include
underrepresented regions and wild relatives while
establishing long-term conservation strategies to preserve
genetic diversity. Integration of genomic tools is essential,
leveraging genomic selection, GWAS, and CRISPR-based
tools for targeted trait improvement (Liang et al., 2024)
and enhancing the use of molecular markers to accelerate



breeding cycles. Developing climate-resilient varieties with
enhanced tolerance to abiotic stresses such as drought
and salinity, as highlighted by Ceballos et al. (2020),
remains a key priority. Incorporating farmer preferences
into breeding objectives ensures the adoption of new
varieties, while collaborative research efforts should
strengthen partnerships between research institutions,
breeders, and farmers to facilitate knowledge exchange
and resource sharing.

Conclusion

This study evaluated a total of 136 cassava varieties,
including nine improved varieties developed by IITA and
INERA-DRC and 120 local varieties collected from various
agro-ecological zones and maintained by INERA.

Significant phenotypic variation was observed
among the genotypes, particularly in traits like plant
height, biomass, and yield. High heritability estimates
for traits such as starch content and biomass
underscore the potential for genetic improvement.
Hierarchical clustering identified five distinct groups
with varying traits and performance, highlighting the
diversity within the germplasm.

Genotypic analysis using SNP markers revealed
substantial genetic diversity, with population structure
analysis identifying four genetic clusters. The integration of
phenotypic and genotypic data through hierarchical
clustering provided a comprehensive understanding of the
relationships within the germplasm. The study identified 47
top-ranking cassava varieties with exceptional multi-trait
performance, suitable for breeding programs aimed at
improving yield, disease resistance and dry matter content.

Overall, this study provides valuable insights into the
genetic and phenotypic diversity of cassava germplasm in
the DRC, offering a foundation for future breeding efforts
to develop improved cassava varieties.
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