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Abstract

Sorghum is an important cereal crop for smallholder farmers’ food security in
many countries in West Africa. However, its production has stagnated due to
several factors, such as anthracnose and grain molds. Thus, a study was con-
ducted to identify local germplasms that combine high grain yield and re-
sistance to anthracnose and grain molds under Senegalese environments. A
set of 256 genotypes was assessed at Sefa, Sinthiou and Kolda research stations
using an incomplete blocks design with two replications. Agro-morphological
and phytopathological data were collected. The results revealed a huge pheno-
typic variation between the genotypes for all traits. The flowering time varied
from 43 to 126 days after sowing, while the panicle length varied from 10 to
60 cm. The genotypes were generally more productive at Sinthiou (1653 Kg
ha™') compared to Kolda (164 kg ha™) research stations. The disease parame-
ters were significantly and positively associated, while the flowering time was
strongly and positively associated to grain mold score. The genotypes were
classified into three groups with plant height, panicle diameter and length,
flowering time and grain mold score as the most discriminating parameters.
The genotypes belonging to cluster 3, in addition of being more productive
and more resistant to grain mold and anthracnose, have longer panicles. These
genotypes present promising prospects for inclusion in breeding programs
focused on advancing sorghum yield and disease resistance in Senegal.
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1. Introduction

With a global production of 59.5 million tons per year (FAO 2023), sorghum (Sor-
ghum bicolor (L.) Moench) is one of the most important cereals for human and
animal consumption worldwide [1]. It is generally grown for its starch-rich grain,
which is a staple food for millions of people in more than 30 countries [2]. In West
Africa, sorghum is the basis of many local dishes and is valorized in bread-making
[3]. It is also consumed in various forms such as couscous, the formulation of
livestock and poultry feeds. In addition, sorghum fodder is used to make house
fences and to feed livestock [3].

In Senegal, sorghum is an important source of energy, protein, vitamins, and
minerals for many households. It is mainly grown in the central and southern
parts of the country and represents the second most-grown cereal during the
rainy season after pearl millet [4]. Indeed, the area cultivated with sorghum
annually reaches approximately 247,648 hectares for an annual production of
approximately 295,463 tons [4]. Despite the importance of this crop, the na-
tional average grain yield is low (around 1 ton ha™') compared with the poten-
tial of released varieties for sorghum cultivation in Senegal [5]. Indeed, sor-
ghum is affected by several biotic and abiotic constraints, such as Striga her-
monthica, insects, poor soil fertility, drought and various diseases [6]. Grain
mold and anthracnose are among the most devastating diseases of this crop in
Senegal.

A survey conducted during the rainy season of 2019 in Senegal identified up to
15 different sorghum diseases across seven production areas, with leaf blight and
anthracnose being the most prevalent diseases [7]. The prevalence of grain mold
was low because the survey was performed when most plants were assessed at soft-
dough stage to the early hard-dough stage. However, for farmers, the most im-
portant diseases frequently observed in their fields were damping off, grain mold,
and foliar diseases [6]. To overcome these constraints, considerable efforts have
been made by the national program to develop varieties with high grain yields and
resistance to biotic stresses using exotic sources of resistance. Breeding for re-
sistance to grain mold is considered as top priority [8].

These efforts led to the release of six new tannin-free varieties in 2015. These
varieties yield up to 4 tons ha™' and are highly appreciated by farmers for the qual-
ity of their grains. However, some farmers complained about their sensitivity to
grain molds and anthracnose. In fact, these varieties were bred for earliness, grain
yield, and disease resistance using genetic materials from the USA. Farmers’ pre-
ferred varieties need to be improved using local materials. Therefore, searching

for new sources of resistance for these diseases using local materials is essential
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for a successful breeding program. This study was conducted to assess the existing
genetic diversity of the Senegalese sorghum collection, estimate the phenotypic
correlation among different agronomic variables, and identify the best lines that

combine high grain yield, resistance to grain mold and anthracnose.
2. Materials and Methods

2.1. Plant Materials and Testing Sites

The plant material comprises 256 sorghum genotypes, including 251 accessions
and 5 improved varieties. The accessions collected from farmers’ fields were
genotyped and phenotyped for drought tolerance at Bambey research station
[9]. The improved varieties served as controls for disease tolerance and grain
yield. (Table 1)

Table 1. Characteristics of checks used for this study.

Lines Origin Traits of interest
Nganda Senegal Improved variety for grain yield
Sureno USA Tolerance to grain molds
CE151-262 Senegal Susceptible to grain molds
Sc728-5 USA Tolerance to anthracnose
Rtx430 USA Susceptible to grain molds

Field evaluations were conducted during two rainy seasons (2020 and 2021) at
three locations. In 2020, the experiment was established at the Sinthiou (14° 43'
12" North, 16° 0' 36" East) and Kolda (12° 52' 48" North, 14° 39' 0" West) research
stations. In 2021, it was conducted at Sefa Sefa (12° 49' 48" North, 15° 35' 24"

West) research station (Figure 1).

Figure 1. Map of Senegal showing the experimental locations.

The trials were conducted in sandy clay soil [10]. The rainfall conditions at the

different sites are presented in Table 2.
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Table 2. Precipitation at Sinthiou Maleme, Sefa and Kolda from June to October 2020 and
2021.

Precipitations
Location Year
Quantity (mm) Number of days
Sinthiou 2020 605.7 51
Kolda 2020 1475.8 84
Séfa 2021 986.95 62

2.2. Experimental Design and Field Management

The plant materials were arranged in 16 x 16 lattice design with two replications
at each location. Each plot comprised one row of 4m length with inter-row spacing
of 80 cm and intra-row spacing of 40 cm. All rows were thinned to three plants
per hill fifteen days after sowing. The recommended cultural practices for sor-
ghum production were applied across the study locations. After ploughing, NPK
fertilizer (15-15-15) was applied as a basal dose at the rate of 150 kg ha™!. Urea was
applied at the rate of 100 kg ha™’, in two split doses of 50 kg ha™', the first after
thinning and the second at the booting stage.

2.3. Data Collection

At each location, agro-morphological parameters were recorded. Flowering time
(FLO) was recorded by counting the total number of days from sowing until 50%
of the plants in a plot flowered. The plant height (HEI) was measured as the length
from the soil to the tip of the panicle. Data on panicle length (PAL) and its diam-
eter (PDI), thousand-grain weight (TGW) and grain yield (GYI) were also rec-
orded. Anthracnose (ANS) and Grain mold score (GMS) were recorded at physi-
ological maturity using the 1 to 5 scale as described by [11]. The anthracnose and
grain mold scores were performed on leaves and panicles, respectively, before har-
vest [11].

2.4. Statistical Analysis

Analysis of variance (ANOV A) was performed for the recorded data using R soft-
ware to determine significant differences among locations, genotypes, and their
interactions. The test of homogeneity of variances was confirmed using the Bart-
lett test for homogeneity of group variances before the combined analysis. Signif-
icant effects of treatments were determined by the magnitude of F values (P <
0.05). The phenotypic correlation between the observed parameters was also as-
sessed using the coef_cor () function of metan R package [12]. A principal com-
ponent analysis was performed to describe the agronomic data set using PCA
function of FactoMineR package [13]. In order to classify genotypes according to
the agronomic traits, hierarchical clustering was performed on the first two com-
ponents of the previous principal component analysis using HCPC function of
FactoMineR package [13]. Euclidean distance calculation and Ward clustering

method were used. The optimal number of clusters was determined using the
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inertia gain metric provided by the HCPC function, which identifies a balance
between explained variance and the number of clusters. The decision to use three
clusters was further supported by a visual inspection of the inertia gain plot (elbow
plot in supplementary Figure S1), which showed a significant drop in gain beyond
the three clusters. The projection of the data in the first two factorial components

was rendered with the function fviz_pca_biplot () of the package facto extra [14].

3. Results

3.1. Agronomic Traits Variability and Analysis of Variance
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Figure 2. Boxplot representation of days to flowering, plant height, panicle length,
and panicle diameter measured at Kolda, Sefa, Sinthiou, and all sites combined.

Table 3. Mean squares for studied traits across locations.

i:;ictfo‘f af FLO HEI PAL PDI TGW GYI ANS GMS
Genotype 255 3167 270607 175787 199 3327 8127807 1442  1.62"
Site 2 35742 1849944  233950°°  3378.6™ 31760™ 295122695 144.01  375.78"
Genotype xsite 510  85™ 4203 39467 1147 82 610828 1193  0.99™

Residuals 719 29 29 22.63 46 37 423841 0.910 0.33

All recorded traits were assessed for variability across genotype, location, and
their interaction. Combined analysis of variance (ANOVA) across locations re-
vealed significant phenotypic variation for all studied traits. A highly significant

difference was observed between the mean square of sites, genotypes, and their
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interaction for the traits (Table 3).

Time from sowing to flowering (FLO) varied from 43 days to 126 days (Figure
2). Genotypes were usually earlier at Sefa during the rainy season of 2021 com-
pared to Kolda and Sinthiou during the rainy season of 2020. The average plant
height of the genotypes was 279 cm. The tallest genotypes were noted at Sinthiou,
while the shorter were noted at Kolda. The Panicle length ranged from 10 to 60
cm with an average length of 32 cm.

The thousand-grain weight varied from 4.1 g to 36.2 g (Figure 3). The geno-
types were generally more productive at Sinthiou (1653 Kg ha™') compared to
Kolda (164 kg ha™). For the panicle grain mold and anthracnose rating score, the

lowest values were noted at Sinthiou compared to Sefa and Kolda.
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Figure 3. Boxplot representation of 1000 grain weight, grain yield, grain mold score,
and anthracnose score measured at Kolda, Sefa, Sinthiou, and all sites combined.

3.2. Correlation among traits

Analysis of the phenotypic correlation revealed strong positive and negative asso-
ciations between the studied parameters (Figure 4). Strong and positive correla-
tions were detected between plant height and panicle length. Panicle diameter was
also positively associated to panicle length. Furthermore, we observed that the dis-
ease parameters were significantly and positively associated, while the flowering
time was strongly and positively associated to grain mold score. In contrast, flow-
ering is strongly and negatively related to yield. Grain mold is negatively corre-
lated with panicle length. Similarly, plant height and grain yield are negatively

correlated with plant disease variables.
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Figure 4. Pearson correlation coefficients between studied parameters.

3.3. Hierarchical Classification of the Tested Genotypes
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Figure 5. Projection of agronomic parameters and sorghum genotypes on the first factorial

plane (Axis 1 and Axis 2).

Principal Component Analysis was used to classify the genotypes into three

groups (Figure 5). The first two axes account for 54% of the total variance. Plant
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height, panicle diameter and length, flowering time and grain mold score were the
most discriminating parameters.

The first cluster comprises 80 accessions characterized by shortest plants with
medium maturity cycle (78 das). The plants that belongs to this group had also
the shortest panicle length (25 cm) and produce more than 1.2 tons ha™'. Cluster
2 encompassed 73 genotypes that flower earliest (71 das) and are less productive
(less than 987 kg ha™') compared to genotypes that belong to cluster 1 and 3. The
113 genotypes in cluster 3 are more productive (more than 1.2 t ha™') with long
panicles (36 cm) and less susceptible to grain mold and anthracnose. They also

had the longest plants (345 cm) with late growing cycle (84 das).

4. Discussion

The present study was conducted at the Kolda, Sefa, and Sinthiou research centers.
These stations are representative of the main sorghum production zones in Sene-
gal. The aim was to evaluate the new sorghum collection in Senegal, with the aim
of identifying the best accessions combining high grain yield potential and re-
sistance to grain mold and anthracnose.

The results of the variance analysis show a highly significant difference between
the evaluated genotypes and between environments for all variables. Indeed, the
sorghum genotypes displayed tremendous phenotypic variability for all the traits
assessed. For instance, the flowering time varied from 43 to 126 days after sowing.
This huge variation can be explained by the combinations of sorghums from dif-
ferent races. It may also be due to pedo-climatic conditions such as rainfall pat-
terns among locations where the experiments were conducted. These results are
in line with those of Sawadogo et al [15] who explains that the genetic diversity
in sorghum may be due to the genetic flows that exist in the farmers’ environment.
The results of the descriptive analysis confirm this diversity, with large differences
between the minimum and maximum values of the variables.

The negative correlation between plant height and grain mold scoring indicates
that genotypes with short plant height are more susceptible to grain mold than
those that are tall. Indeed, the more the plant invests in growth, the more resistant
it is. The study conducted by Thakur et al [16] confirm that tall plants are more
resistant to grain mold attacks. This can be explained by the fact that taller plants
are closer to light radiation than shorter plants. These conditions are, therefore,
unfavorable to fungus proliferation. Grain yield is negatively correlated with grain
molds and anthracnose scores. In other words, the more susceptible the genotype,
the lower the grain yield. This confirms that diseases have a negative influence on
grain yield. Similar results have been reported [3]. Time from sowing to flowering
is negatively correlated with grain yield, which mean that genotypes with long
growing have a low grain yield potential. In fact, for late accessions, flowering co-
incides with the end of the rainy season or with the rain stopping, thus causing
water stress. Nonetheless, post-flowering water stress can lead to total or partial

abortion and poor grain filling, with a negative impact on grain yield. These
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results corroborate those Diatta [8].

The considerable phenotypic variation observed in the present study allowed
ranking the 256 entries into three clusters, which mainly contrasted in terms of
flowering time, plant height, panicle length and grain mold score. Considering
their productivity and resistance to diseases, cluster 3, contained the more pro-
ductive genotypes, which are more resistant to the diseases. These findings are
inconsistent with those of Derese et al. [17], who classified 196 sorghum landraces
grown under rainfed and irrigated conditions in Ethiopia into five and six clusters,
respectively. In this study, the genotypes belonging to cluster 3, in addition of be-
ing more productive and more resistant to grain mold and anthracnose; have
longer panicles. Therefore, these lines can be good parental lines for improving

sorghum for grain yield and disease resistance.

5. Conclusion

A comprehensive evaluation of a Senegalese sorghum collection has revealed sig-
nificant phenotypic variability among the 256 genotypes assessed across different
environments. The study identified three distinct clusters of genotypes, with clus-
ter 3 emerging as the most promising group. These genotypes demonstrated su-
perior grain yield and enhanced resistance to grain mold and anthracnose, along
with longer panicles and taller plant height. The negative correlation between
grain yield and disease susceptibility underscores the importance of selecting re-
sistant genotypes to improve crop productivity. The findings highlight the poten-
tial of these genotypes as parental lines in breeding programs aimed at improving

sorghum yield and disease resistance in Senegal.

Author’s Contributions

GK and CD conceived and designed the study; MDS and SB performed the field
experiments. GK and YABZ analyzed the data and wrote the manuscript. CD pro-
vided a critical review of the original manuscript. All authors read and approved

the final version of the manuscript.

Data Availability

Data will be made available on request.

Conflicts of Interest

The authors report there are no competing interests to declare.

References

[1] Thera, K. (2017) Analyse Des Déterminants Génétiques Contrdlant La Production et
La Composition de La Tige Chez Le Sorgho (Sorghum bicolor [L.] Moench).
Intégration Des Approches Bi et Multi-Parentales. SupAgro.

[2] FAO (2023) FAO Database. Statistiques Agricoles. http://faostat.fao.org
(3] Diatta, C., Tovignan, T.K., Adoukonou-Sagbadja, H., Aidara, O., Diao, Y., Sarr, M.P,,

DOI: 10.4236/ajps.2025.161001

9 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2025.161001
http://faostat.fao.org/

G. Kanfany et al.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

et al. (2019) Development of Sorghum Hybrids for Stable Yield and Resistance to
Grain Mold for the Center and South-East of Senegal. Crop Protection, 119, 197-207.
https://doi.org/10.1016/j.cropro.2019.02.001

ANSD, Agence Nationale de La Statistique et de La Démographie (2014) Recensement
Général de La Population et de 'Habitat, de I’ Agriculture et de I'Elevage.

MAER, Ministére de I’Agriculture et de 'Equipement Rural (2012) Catalogue Officiel
Des Especes et Des Variétés Cultivées Au Sénégal. Dakar.

Diatta, C., Klanvi Tovignan, T., Sine, B., Elohor Ifie, B., Martin Faye, J., Diatta-
Holgate, E., et al. (2024) Farmers’ Production Constraints, Preferred Varietal Traits
and Perceptions on Sorghum Grain Mold in Senegal. Heliyon, 10, e30221.
https://doi.org/10.1016/j.heliyon.2024.e30221

Prom, L.K,, Sarr, M.P., Diatta, C., Ngom, A., Aidar, O., Cisse, N., et a. (2020) The
Occurrence and Distribution of Sorghum Diseases in Major Production Regions of
Senegal, West Africa. Plant Pathology Journal, 20, 1-10. https://doi
.org/10.3923/ppj.2021.1.10

Diatta, C. (2016) Development of Sorghum (Sorghum bicolor (L.) Moench) for Re-
sistance to Grain Mold in Senegal. West Africa Centre for Crop Improvement.

Faye, ].M., Maina, F., Akata, E.A., Sine, B., Diatta, C., Mamadou, A., et al (2021) A
Genomics Resource for Genetics, Physiology, and Breeding of West African Sorghum.

The Plant Genome, 14, €20075. https://doi.org/10.1002/tpg2.20075

Sarr, B., Diouf, O., Diouf, M., Roy-Macauley, H. and Ndjendole, S. (1999) Suivi de
I'Etat Hydrique Du Sol et de La Température Du Couvert de Mais Au Sénégal. Science
et Changements Planétaires| Sécheresse, 10, 129-135.

Thakur, R.P., Reddy, B.V.S. and Mathur, K. (2007) Screening Techniques for Sor-
ghum Diseases. Information Bulltin N. 76, 1-92.

Olivoto, T. and Lucio, A.D. (2020) Metan: An R Package for Multi-Environment Trial
Analysis. Methods in Ecology and Evolution, 11, 783-789.
https://doi.org/10.1111/2041-210x.13384

L§, S., Josse, J. and Husson, F. (2008) FactoMineR: An R Package for Multivariate
Analysis. Journal of Statistical Software, 25, 1-18.
https://doi.org/10.18637/jss.v025.i101

Kassambara, A., and Mundt, F. (2020). Package “Factoextra”: Extract and Visualize
the Results of Multivariate Data Analyses.

Sawadogo, N., Nanema, R., Bationo/Kando, P., Traore, R., Nebie, B., Tiama, D., et al.

(2015) Evaluation de la diversité génétique des sorghos & grains sucrés (Sorghum

bicolor (L.) Moench) du Nord du Burkina Faso. Journal of Applied Biosciences, 84,

Article No. 7654. https://doi.org/10.4314/jab.v84i1.3

Thakur, R.P., Rao, V.P. and Sharma, R. (2008) Characterization of Grain Mold Re-

sistant Sorghum Germplasm Accessions for Physio-Morphological Traits. Journal of
SAT Agricultural Research, 6, 1-7.

Derese, S.A., Shimelis, H., Mwadzingeni, L. and Laing, M. (2018) Agromorphological
Characterisation and Selection of Sorghum Landraces. Acta Agriculturae Scandinavica,
Section B— Soil & Plant Science, 68, 585-595.
https://doi.org/10.1080/09064710.2018.1448884

DOI: 10.4236/ajps.2025.161001

10 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2025.161001
https://doi.org/10.1016/j.cropro.2019.02.001
https://doi.org/10.1016/j.heliyon.2024.e30221
https://doi.org/10.1002/tpg2.20075
https://doi.org/10.1111/2041-210x.13384
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.4314/jab.v84i1.3
https://doi.org/10.1080/09064710.2018.1448884

	Assessment of a New Senegalese Sorghum (Sorghum bicolor (L.) Moench) Collection for Grain Yield and Tolerance to Anthracnose and Grain Molds
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Plant Materials and Testing Sites
	2.2. Experimental Design and Field Management
	2.3. Data Collection 
	2.4. Statistical Analysis

	3. Results
	3.1. Agronomic Traits Variability and Analysis of Variance
	3.2. Correlation among traits
	3.3. Hierarchical Classification of the Tested Genotypes

	4. Discussion
	5. Conclusion
	Author’s Contributions
	Data Availability
	Conflicts of Interest
	References

