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ABSTRACT 
Objectives: Improving cassava production yields requires, among other factors, a scientific 
understanding of the accessions used in the country. This study aimed to assess the 
agromorphological diversity of cassava accessions grown in Gabon.  
Methodology and Results: A total of 75 cassava accessions collected from the agricultural 
production hubs in the South West region of Gabon were characterized using nine agronomic 
descriptors. The descriptive analysis revealed heterogeneity and phenotypic differences for the 
parameters studied. Principal component analysis confirmed a variability of 56.8% among the 
accessions. Hierarchical ascending classification categorized the accessions into three clusters, 
identified as Cluster 1, Cluster 2 and Cluster 3,, based on morphological diversity.  
Conclusions and application of findings: Cluster 3 included 56 accessions, that have the main stem 
height (MSH), the number of tuberous roots per plant (NTR/P), and the weight of tuberous roots 
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per plant (WTR/P) values close to the average for the collection. In contrast, four accessions in 
cluster 2 had values higher than the average for these same descriptors: MSH, NTR/P, and WTR. 
Knowing these different groups will help policymakers, government officials in the Ministry of 
Agriculture, researchers, and farmers involved in the cassava production chain in Gabon make 
informed decisions for a better future for cassava. 
Keywords : Accession, Cassava, Classification, Agronomic descriptors, Gabon. 
 
INTRODUCTION 
Cassava (Manihot esculenta Crantz) is a root 
tuber crop grown in tropical areas. It is of 
major socio-economic importance, due to its  
starchy tuberous roots and nutritious leaves 
used as vegetables (Chuzel et al.. 1995; 
Bokanga, 2001; Koko et al.., 2014; Mouketou 
et al.., 2022, 2023). In West and Central Africa, 
cassava is a staple food for many indigenous 
communities, representing a significant source 
of calories and vegetable protein (Ognalaga et 
al.., 2017; Gmakouba et al.., 2018; Mouketou 
et al.., 2023). While West African countries 
such as Nigeria, Ghana and Benin manage to 
meet their local demand for cassava production, 
other sub-Saharan African countries, such as 
Gabon, still struggle to meet local demand for 
cassava, thus importing it from neighbouring 
countries (Adebayo and Seck, 2022). The main 
reasons for the lower cassava yields recorded 
across the continent are well-documented. One 
significant factor is the impact of diseases and 
pests. Cassava crops are affected by various 
diseases caused by bacteria, viruses, and fungi. 
In Gabon, studies conducted by Mouketou et 
al.. (2023) revealed that cassava cultivation 
faces multiple challenges, leading to 
considerable yield losses. These challenges 
include a lack of effective agricultural 
practices, human-wildlife conflicts, the effects 
of climate change, and pathogen-related 
diseases. Regarding the phytopathogens 
affecting cassava, the African cassava mosaic 

virus and the East African cassava mosaic 
virus, along with bacterial blight and 
anthracnose, are among the most widely spread 
diseases. Other diseases, such as root rot and 
cercospora blight, are less significant. The 
survey conducted by Mouketou et al.. (2022) 
found that cassava mosaic disease (CMD) in 
Gabon had an incidence rate of 64.29% and an 
average severity score of 3.16. The spread of 
CMD is largely attributed to the cross-border 
movement of virus-infected cuttings and the 
continuous presence of the virus vector, 
Bemisia tabaci, throughout the year. Gabon in 
its effort to revive the agricultural sector, has 
selected cassava as a crop of national 
importance towards achieving food and 
nutrition security. This initiative involves the 
control and conservation of plant genetic 
resources, as well as the improvement of crop 
varieties, including the development of 
disease-resistant varieties that are well-suited 
to the country's agro-climatic conditions. 
Furthermore, little work has been conducted on 
the inventory and agromorphological 
characterization of local cassava accessions 
cultivated to promote our agricultural 
resources and varietal selection. To that end, 
the aim of this study was to assess the 
agromorphological diversity of cassava 
accessions cultivated in the southwest region 
of Gabon. 

 
MATERIALS AND METHODS 
Study site : The site selected for this study is 
located in Malibé (geographical coordinates: 
0o56'33.7'“ north latitude and 9o39'68.3”' west 
longitude), in the commune of Akanda to the 

north of Libreville (Figure 1). The type of soil 
in the site is sandy-clay, under a humid tropical 
climate, with rainfall varying between 3,000 
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and 3,200 mm a year and mean annual 
temperatures ranging between 22 and 28°C.  
Cassava accessions sampling: The samples 
studied in this study were collected during 
surveys conducted between 2021 and 2022 in 
Gabon’s southwest agricultural production 
hubs, specifically in the provinces of Ngounié 
and Nyanga (Figure 1). The surveys covered 
12 departments and 19 villages, focusing on 

plantations that were between 3 and 6 months 
old and located approximately 10 km apart. In 
total, 75 cultivated cassava accessions, 
identified by 44 local names, were sampled 
(Table 1). The samples, collected as cuttings, 
were individually labelled in situ using their 
vernacular names along with an identification 
code. 

 

 
Figure 1. Areas of Gabon’s southwest agricultural production hubs where cassava accessions 

samples were collected and study site. 
 

Table 1. Names of the cassava accessions collected in  Gabon’s southwest agricultural production 
hubs and used in this study. 

Province Accessions’ local names (number of specimen) 

Ngounié 

Bassin (1) ; Biere (1), Cougourama (1) ; Ditadi ; Evima (1) ; Foula (1) ; Gnegise (1) ; Ibandagou (2) ; 
Jaune 2 (1) ; Kanda (1) ; Kobekobe (1) ; Kwata (1) ; Kwata de Mayumba (2) ; Libreville (1) ; Mabiam 
(1) ; Mabouidi (1) ; Mandilou (1) ; Manguefou (1) ; Moughetou moughufi (2) ; Mouila (1) ; 
Moussavou (1) ; Moutombi (2) ; Ndongou (1) ; Ndongue (1) ; Nzoga (1) ; Six mois (2) ; Sonadeci 
(1) ; Tsane katsi (1) ; V2 (1) ; V4 (1) ; V6 (1) ; Violette (1) ; Vive famille (1) ; Yeguesse (1) ;  

Nyanga Bilongou (2) ; Dikedi dikedi (1) ; Ditadi rouge (1) ; Evelyne (1) ; Panga1 (1) ; Yeme (1) 
 
Experimental design : The experimental 
design used was an "Augmented Design in 
Randomized Complete Block" described by 
Nokoe (2001). The accessions collected per 

province were arranged randomly in two 
blocks separated by a 2m aisle. Block 1 
(ngounié) consisted of 14 sub-blocks and block 
2 (nyanga) consisted of 4 sub-blocks. Each 
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sub-block is made up of 6 elementary plots and 
each elementary plot is made up of 2 lines of 5 
plants with a density of 1 plant/m2. 
Trial description: The trial was conducted 
between May 2023 and March 2024. Before 
planting, the cuttings were treated for 20 
minutes with a diluted insecticide solution  
[90ml/15l] of (Lambda-cyhalothrin 50g/l) and 
a fungicide (Thiophanate-methyl 450g/l). 
following the immersion, the cuttings were 
dried at room temperature and then planted in 

mounds. Weeding and hoeing were done four 
(4) weeks and three (3) months after planting. 
No fertilizers or phytosanitary treatments were 
applied throughout the trial. 
Data collection: Observations were conducted 
at different stages of plant development. The 
plants were evaluated for nine agronomic 
descriptors (Table 2) based on the trait 
descriptions outlined in the Fukuda et al.. 
protocol (2010).  

 
Tableau 2. Agronomic descriptors used in this study 

No. Agronomic descriptors Unit Time when recorded  
(Month post planting) Code 

1 Number of leaf lobes - 6 NLL 
2 Length of leaf lobes cm 6 LLL 
3 Lobe width cm 6 LW 
4 Petiole length cm 6 PL 
5 Main stem height cm 9 MSH 
6 Number of branches - 12 NB 
7 Size to the first branch cm 12 SFB 
8 Number of tuberous roots per plant - 12 NTR/P 
9 Weight of tuberous roots per plant g 12 WTR/P 

 
Statistical data analysis: The descriptive 
analysis was followed by a non-parametric 
variance study (Kruskal-Wallis test) as carried 
out to show the existence of significant 
differences between the means values of the 
agronomic descriptors. The principal 
component analysis (PCA) was then used to 
evaluate the diversity of the accessions, and 
assess the similarity between the accessions to 
better understand the relationships among 
them. Secondly, hierarchical ascending 
classification (HAC) was used to classify the 
accessions into homogeneous groups 

according to the Ward method, using an 
Euclidean distance similarity index. A 
discriminant factor analysis (DFA) was 
conducted to identify the variables that most 
discriminate between the groups formed and to 
display them on a factorial plane. The 
morphometric parameters selected were 
described and used to establish the matrix for 
comparing the mean vectors between the 
groups formed using Wilks' Lambda test. 
Analyses were performed using the ade4, 
MASS, stats, dendextend, vegan and cluster 
packages of R software (R core Team 2024).  

 
RESULTS 
Descriptive analysis of the data (Table 3) 
shows that the average number of lobes (NLL) 
was 6, while the dimensions of the lobes vary 
between 10.98 - 22.32 cm for the length (LLL) 
and 1.7 - 5.96 for the width (LW). The petiole 
length (PL) varied between 4.72 and 36.6 cm, 
with an average of 18.87 cm. In the collection, 

the average height of the main stems (HMS) 
was 311.77 cm with the number of branches 
(NB) varying between 0 and 6. The number of 
tuberised roots per plant (NTR/P) varies from 
1 to 9 and the average weight of tuberised roots 
(WTR/P) was 1688.43 g. 
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Table 3. Descriptive analysis results 
Accessions NLL LLL LW PL MSH NB SFB NTR/P WTR/P 
Average 6,66 15,269 3,673 18,879 311,77 1,75 93,083 3,194 1688,43 

Maximun 7 22,32 5,96 36,6 484 6 232 9 7365 
Minimum 5 10,98 1,7 4,72 180 0 0 1 50 
Std Dev 3,72 2,496 0,839 5,476 67,933 0,21 74,36 1,835 719,476 

CV 0,558
5 

0,1634
6 

0,22842 0,29005 0,2178 0,1234 0,79885 0,57451 0,42612
1 

 
Table 3 also showed the level of variability 
within the cassava collection studied. The 
coefficients of variation (CV) of the 
parameters measured ranged from 12.34% to 
79.88%. Except for lobe length (LLl) and 
number of branches (NB), which had CV of 
16.34% and 12.34% respectively, the rest of 
the agronomic descriptors studied had CV 
higher than 20%. Analysis of variance using 
the Kruskal-Wallis test revealed a p-value 
above the significance threshold (0.05) for all 
the variables studied. 
Correlation study: The correlation 
coefficients obtained between the traits varied 
from -0.04 to 0.28 at the 5% threshold. The 

correlation matrix (Figure 2) shows that there 
was a statistically significant (p<0.05) positive 
correlation (r=0.28) between the weight of 
tuberised roots (WTR) and the number of 
tuberised roots per plant (WTR/P), and a 
positive correlation (r=0.15) between the 
weight of tuberised roots (WT) and the height 
of the main stem (MSH). Similarly, a positive 
correlation (r=0.22) was observed between the 
number of tuberised roots per plant (WTR/P) 
and the height of the main stem (MSH). On the 
other hand, a negative correlation (r= - 0.04) 
was observed between the weight of tuberised 
roots (WTR) and the number of leaf lobes 
(NLL). 

 

 
Figure 2. Correlation matrix of the variables under study. 

Legend : Number of leaf lobes (NLL=NLo) ; Length of leaf lobes (LLL=LLo) ; Lobe width (LW=ILo) ; Petiole 
length (PL=LP) ; Main stem height (MSH=LT) ; Number of branches (NB=NRa) ; Size to the first branch 

(SFB=T1B) ; Number of tuberous roots per plant( NTR/P=NRT/P) ; Weight of tuberous roots per plant 
(WTR/P=PdsR) 
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Classification of cassava varieties 
Principal Component Analysis: Variability 
between accessions was assessed using the 
principal component analysis based on 
agromorphological characteristics. The first 
two axes had values greater than 1 (according 
to the KAISER criterion, which follows the 
principle of minimum inertia) and expressed 
56.8% of the total variability between 

accessions. They account for 31.2% and 25.6% 
of the total variance respectively (Figure 3). 
Yield parameters (tuberised root weight WTR 
and number of tuberised roots per plant NTR/P) 
made a major contribution to the formation of 
axis 1, while axis 2 was formed mainly by the 
contribution of morphological parameters 
(stem size and leaf appearance). 

 

 
Figure 3. Distribution of variables by PCA and projection of individuals onto the plane formed 

by axes 1 and 2 
Legend : Number of leaf lobes (NLL=NLo) ; Length of leaf lobes (LLL=LLo) ; Lobe width (LW=ILo) ; Petiole 

length (PL=LP) ; Main stem height (MSH=LT) ; Number of branches (NB=NRa) ; Size to the first branch 
(SFB=T1B) ; Number of tuberous roots per plant( NTR/P=NRT/P) ; Weight of tuberous roots per plant 

(WTR/P=PdsR) 
 
 

Hierarchical ascending classification and 
discriminant factor analysis: Hierarchical 
ascending classification  using variable means 
based on Euclidean distance, based on Ward's 
method as the aggregation criterion, revealed 

three agromorphological groups from the 75 
accessions evaluated. Figure 4 presents the 
dendrogram resulting from the HAC of these 
accessions. 
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Figure 4. Dendrogram derived from HAC studies of the collection of 75 accessions. 

 
Discriminant Factor Analysis was used to 
assess the relevance of the groups formed 
using the HAC. Table 4 shows the 
characteristics of the HAC groups. The three 
clusters are strongly characterised by the 

following variables: the height of the main 
stem (MSH), the size of the first branch (SFB), 
the number of tuberised roots per plant 
(NTR/P), the weight of tuberised roots (WTR) 
and the number of leaf lobes (NLL). 

 
Table 4. Characteristics of dendrogram groups. 

Group Number MSH SFB NTR/P WTR NLL 

1 12 275 69.92 2.67 1570.83 5 

2 4 404.25 0 5.75 5550 7 

3 56 313.05 104.7 3.12 1116.38 7 
 
DISCUSSION 
The agromorphological evaluation of cassava 
accessions grown in the south-west region of 
Gabon showed a high degree of heterogeneity 
from the values of the parameters used in this 
study. This heterogeneity was reflected by 
coefficients of variations higher than 20%. The 
ranges of values from the  morphological 
parameters obtained in this study  are similar 
to those recorded by Thiémélé et al.. (2024) for 
cassava varieties grown on farms in Côte 
d'Ivoire (NLL: 5-9, LLL: 9-18cm, PL: 12-
25cm, MSH: 100-300cm). The yield 
components expressed the production potential 
of these accessions and, in terms of tuberised 
root weight per plant, the results were slightly 

below those (WTR ≈ 2500kg) obtained by 
Fotso et al.. (2024) on ten samples of improved 
varieties introduced and grown in Mouila in 
southern Gabon. This difference can be 
explained by the effects of the drought period 
that coincided with the maturation phase of the 
trial in this study. Analysis of variance using 
the Kruskal-Wallis test revealed a p-value 
above the significance threshold (0.05) for all 
the variables studied. This observation 
indicates that there is no evidence of stochastic 
dominance between accessions. The 
differences between the medians are therefore 
not statistically significant. The correlations 
that exist between the quantitative variables 
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studied would, in some cases, be of particular 
importance in varietal selection and 
improvement. This study revealed a positive 
correlation between the number and weight of 
tuberous roots. These same observations were 
also revealed on cassava in Ghana (Kumba, 
2012) and Burkina Faso (Gmakouba et al.., 
2018). The positive correlation (r=0.22) 
observed between the number of tuberised 
roots per plant and the height of the main stem 
in this study is in line with the results of 
Thiémélé et al.. (2024), Ntawuruhunga and 
Dixon (2010) and Kouakou et al.. (2023). The 
multivariate analyses used in this study were 
used to elucidate the nature and degree of 
divergence of cassava accessions collected in 
south-west Gabon. PCA, applied to the 75 
accessions on the basis of the 9 morphological 
parameters, showed a variability (56.8%) 
within the said accessions which is represented 
by the first two axes identified on the KAISER 
criterion. Five of the 9 descriptors mainly 
contributed to the overall variability. These 
results are similar to those observed by Ephrem 
et al.. (2014) in the Central African Republic. 
They recorded a variability of 55% for six first 
axes cumulated with a partial contribution of 
15 descriptors out of 27. Furthermore, the 
degree of variability in this study was lower 
than that revealed by Djaha et al.. (2017), in 
Côte d'Ivoire, who obtained a significant 
variability (63.84%) within the accessions 
analysed and revealed by the first two axes, 
with 8 contributing descriptors out of the 24 
used. Three reasons can account for the 
variability observed in our study. One, the use 
of several cultivars including  local and 
introduced accessions in the same field. Two, 
the continuous exchange of plant material with 
interesting agronomic traits between growers 
in different localities (Missihoun et al.., 2012). 
Mouketou et al.. (2022) noticed that farmers in 
rural areas in Gabon often bring cuttings 
though to be of higher economic potential 
when traveling to neighbouring town. Three, 

the level of heterozygosity within cassava 
accessions could have contributed to the 
diversity observed. These results are in line 
with research by Soro et al. (2024), who found 
that many cassava varieties grown in Africa are 
heterozygous. The hierarchical ascending 
classification revealed three morphological 
groups (G1, G2 and G3). DFA was used to 
assess the relevance of the morphological 
dissimilarities obtained from HAC. The high 
representativeness of the first two axes of the 
SFM indicates a strong phenotypic 
organisation directed by the variables: the 
height of the main stem, the size of the first 
branch, the number of tuberised roots per plant, 
the weight of tuberised roots and the number 
of leaf lobes. These observations corroborate 
the observations of Djaha et al.. (2017) who 
also showed a phenotypic organisation 
essentially based on the variables height of the 
main stem, height of the first branching and 
number of leaf lobes. Three clusters or groups 
were generated using HAC. The  cluster 3 
consisted  of 56 accessions, which accounts for 
more than half of the sample size. The 
accessions that composed this cluster 3 had 
values close to the average for the height of the 
main stem, the number of tuberous roots per 
plant and the weight of tuberous roots per plant. 
Four accessions that constituted the cluster 2 
shared the same distinctive characteristics for 
the descriptors HSM, NTR/P, and WTR whose 
values were higher than the averages for the 
collection studied. These results indicate that 
certain genotypes may be potential candidates 
for cassava production in low-rainfall areas or 
for varietal improvement programmes. Similar 
results were obtained by N'Zué et al.. (2014) 
by characterising 159 cassava accessions from 
south-west Côte d'Ivoire into 3 groups. The 
results of this study show that morphological 
markers continue to be used successfully in 
many agronomic characterisation and 
evaluation studies, allowing easier and faster 
differentiation of phenotypes. 
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CONCLUSION AND APPLICATION OF RESULTS 
Varietal selection is based on the genetic 
variability of species. Morphological markers 
are the basis for identifying and classifying 
plant species. Agromorphological 
characterisation of 75 cassava accessions 
grown in Gabon’s south-west agricultural hubs 
showed a greater variability between them and 
highlighted a structuring into 3 groups strongly 
characterised by the height of the main stem, 
the number of tuberous roots per plant and the 
weight of tuberous roots per plant. The group 

2 stood out for their potential for these 
parameters, which were more interesting than 
the others in the collection. They are of interest 
to farmers and to variety creation and 
improvement programmes in Gabon. They will 
make it possible to increase local production 
and improve farmers' living conditions. The 
use of molecular tools would enable to study 
the potential of these accessions at the DNA 
level, in order to identify genes of interest for 
the desired varietal improvement. 
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