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Abstract

Several fungal species are responsible for diseases that damage sesame crop
and cause production losses. These seed-borne fungi cause serious damage by
reducing seed germination. To identify the fungi associated with sesame seeds
in Burkina Faso, 72 sesame seed samples were collected from 24 localities in
the main production areas (Sudanian zone, Sudano-Sahelian zone, Sahelian
zone). These samples were submitted for seed health analysis using the blot-
ting paper incubation method. The results obtained revealed that the seed
samples were contaminated by various fungi, the main ones being: Fusarium
spp. Link: Fr. infecting 97.22% of the samples, Macrophomina phaseolina
(Tassi) Goid. (90.28%), Alternaria sesamicola E. Kawamura (83.33%), Cur-
vularia lunata (Wakker) Boedijn (76.39%), Cercospora sesami A. Zimmerm.
(73.61%), Phoma sorghina Boerema, Dorenbosch, & Van Kesteren (73.61%),
Aspergillus flavus Link: Fr. (69.44%), Cladosporium sphaerospermum Penz.
(56.94%), Rhizopus sp. Ehrenb. (40.28%) and A. niger Tiegh. (36.11%). In
each seed sample, 0.25% to 94% of the seeds host one or more fungal species.
Regarding the climatic zones, the results revealed that A. sesamicola and A.
flavus were more represented in the Sudanian zone than in the Suda-
no-Sahelian and Sahelian zones; while P. sorghina, and C. sphaerospermum
were more encountered in the Sahelian zone than in the other two zones.
This study showed that the majority of sesame seeds produced and used by
farmers in Burkina Faso host one or more species of fungi at high levels.
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1. Introduction

In Burkina Faso, sesame production is a major component of the agricultural
sector. It ensures the livelihood of many households. It is one of the main sources
of income for 2/3 of the agricultural households [1]. Sesame exports reached
FCFAA45 billion in 2012 [2]. This crop ranks second in exports after cotton among
the economically viable cash crops in Burkina Faso. From 2010 to 2016, sesame
export revenues were estimated at more than FCFA350 billion [3]. According to
statistics from 2012 to 2017, Boucle du Mouhoun, East, Hauts Bassins and Cas-
cades were the four largest sesame producing regions, with 69.04% of the na-
tional production and 70% of the total area planted [3]. In the same period, se-
same productivity also increased in the West Central and East Central regions.
However, sesame is subject to pest attacks at different levels, which causes lower
yields and bad seed quality. According to [4], production losses in Burkina Faso
caused by diseases and pests range from 20% to 25% of the yields. In Nigeria,
research on sesame diseases reveals that those caused by fungi are major con-
straints in both seed production and storage [5] [6].

In Burkina Faso, sesame production is confronted with numerous problems
such as wilting, root rot and damping-off. These diseases are due to attacks by
soil- or seed-borne fungi. Recent investigations undertaken on infected sesame
seedlings collected from different localities in the country revealed that more
than 85% of infected seedling samples studied harbored several fungi species be-
longing to the genera Macrophomina, Cersospora and Fusarium [7]. Seeds are
often a key medium of disease dissemination because the circulation of seeds,
with its associated inoculum, introduces diseases (fungi disease) into new and
previously healthy areas. Fungi can make food products unsafe due to the pro-
duction of toxic metabolites such as mycotoxins that affect human and animal
health [8] [9] [10]. However, little information exists at the national level on the
dreaded seed-borne fungi diseases of sesame. The objective of the present study
is to identify the major fungi associated with sesame seeds produced in Burkina
Faso and to determine their distribution in the country’s Sudanian, Suda-

no-Sahelian and Sahelian climatic zones.

2. Methodology
2.1. Study Zone

Sesame seed samples were collected in 24 localities in the provinces of Bazega
(Gaongo), Boulgou (Zabré, Zonsé, Tenkodogo), Comoé (Banfora, Niangoloko),
Gourma (Fada, Matiacoali), Houet (Satiri, Fo, Toussiana), Koulpélogo (Dourten-
ga, Ouargaye), Kouritenga (Koupela), Mouhoun (Douroula, Ouarkoye, Dédougou,
Bondonkuy), Nayala (Kougny), Séno (Dori), Sourou (Gomboro), Tapoa (Kant-
chari, Partiaga) and Zoundwéogo (Gogo) (Figure 1). The different experiments
were carried out, at the Centre de Recherches Environnementales, Agricoles et de

Formation (CREAF) of Kamboinsé precisely in the Phytopathology laboratory.
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The CREATF is research center of Institut National de 'Environnement et de la
Recherche Agricole (INERA).
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Figure 1. Sesame seed collection sites in the three climatic zones of Burkina Faso in 2020.

2.2. Collection of Sesame Sample

A total of 72 seed samples were collected in 2020 from farmers at identified sites
and at a rate of 200 g of seed per sample. Each sample collected was labeled with
the date and location of collection. Samples were packaged in plastic bags and
stored in the freezer until use.

2.3. Seeds Health Analysis

The blotting paper method, developed by ISTA [11], which involves maintaining
seeds in an environment favorable to fungi development, was used to diagnose
fungi associated with sesame seeds. The completely randomized Fischer block
experimental design with 4 replicates was used to evaluate each seed sample. For
each sample, 400 sesame seeds were arranged at equal distance from each other
in Petri dishes containing three layers of blotting paper soaked in sterile distilled
water, with 25 seeds per dish. Petri dishes containing the seeds were incubated in
a chamber at 20°C - 25°C under an alternating cycle of 12 hours of near ultra-
violet light and 12 hours of darkness per day for seven days. Incubated seeds
were individually examined under binocular loupe for the possible presence of
fungi. All detected fungi were automatically subjected to morphological identi-
fication by stereo microscope and/or routine microscope observation, referring
to the fungi identification key proposed by [12]. The species of fungi present on

each seed were noted and the percentage of seeds infected by a given fungus was
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calculated for each seed sample. At the national level and in each agroecological
zone, the prevalence rates or percentages of seed samples contaminated by each

fungus were also calculated.

2.4. Statistical Analysis of Data and Presentation of Results

The data collected were analyzed using SAS software (Staistical Analysis System,
2001). An analysis of variance, followed by a comparison of means using Dun-
can’s test with a threshold of 5%, were performed on the average prevalence rates
of fungi in the seed samples and on the average rates of seeds infected by each
fungus. For each seed sample assessed by the blotting paper method, the average
rate of seeds infected by a given fungus was expressed as a percentage of the
number of seeds attacked by said fungus out of a total of 400 seeds observed. The
prevalence of each fungus in the seed samples was expressed as a percentage of
the number of seed samples infected with said fungus out of the total number of
seed samples assessed. The prevalence of each fungus in a given agro-ecological
zone was expressed as a percentage of the number of samples originating from
said zone infected with said fungus out of the total number of seed samples col-
lected in the zone in question. The average rate of seeds infected by each fungus
in a given agro-ecological zone was expressed as a percentage and corresponds
to the average rate of infection of seeds from samples originating in the said zone

by the fungus in question.

3. Results
3.1. Sesame Sample Collection Results

Table 1 shows the number of samples collected per province. A total of 72 seed
samples were collected from 13 provinces in three climatic zones. Among the
provinces were the seeds were collected, 10 belong to the Sudan-Sahel zone, two

to the Sudanian zone and one to the Sahelian zone.

Table 1. Number of samples collected and their origin.

Provinces Nu‘mber‘ of ‘ Numbf:r of samples Agro-ecologicfal
collection districts used in the study zone of collection
Bazéga 1 2 Soudano-Sahélienne
Boulgou 3 10 Soudano-Sahélienne
Comoé 2 8 Soudanienne
Gourma 2 4 Soudano-Sahélienne
Houet 3 6 Soudanienne
Koulpélogo 2 3 Soudano-Sahélienne
Kouritenga 1 7 Soudano-Sahélienne
Mouhoun 4 8 Soudano-Sahélienne
Nayala 1 1 Soudano-Sahélienne
Séno 1 1 Sahélienne
Sourou 1 1 Soudano-Sahélienne
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Continued
Tapoa 2 20 Soudano-Sahélienne
Zoundwéogo 1 1 Soudano-Sahélienne
Total 24 72

3.2. Sesame Seed Mycoflora

3.2.1. Rate of Seed Samples Contaminated by Fungi

Health analysis of the 72 samples revealed the presence of 10 major fungal spe-
cies in the samples collected (Table 2). All samples studied were contaminated
by at least one fungal species. The percentages of samples infected by species
ranged from 36.11% to 97.22%. Fungal species contaminated more than 50% of
samples, with the exception of Aspergilus niger and Rhizopus sp. which had
lower prevalence rates (36.11% and 40.28%, respectively). Of the fungi identi-
fied, Fusarium spp. was the most prevalent, with 97.22% of samples infected
(Table 2).

Table 2. Prevalence rate of fungi species in seed samples.

Number of infected

Fungi species
&l 5P seed samples

Prevalence of fungi (%)

Fusarium spp. 69 97.22
Macrophomina Phaseolina 62 90.28
Alternaria sesamicola 60 83.33
Cercospora sesami 53 73.61
Phoma sorghina 53 73.61
Curvularia lunata 55 76.39
Aspergillus niger 26 36.11
Aspergillus flavus 50 69.44
Rhizophus sp. 29 40.28
Cladosporium sphaerospermum 41 56.94

3.2.2. Indexs of Fungal Infection Detected in Sesame Seed Samples

Table 3 presents the results of the health analysis carried out on sesame seeds col-
lected in Burkina Faso’s agrosystem. Ten (10) major fungi regularly contaminating
sesame samples with variable infection indexs were identified. Seventy (70) of the
72 seed samples were contaminated by Fusarium spp. with infection indexs rang-
ing from 0.25% to 32.75%. Macrophomina phaseolina, Alternaria sesamicola,
Cercospora sesami, Phoma sorghina, Curvularia lunata, Apergillus niger, A. flavus,
Rhizopus sp. and C. sphaerospermum were found in seeds at infection rates of up
to 36%, 91%, 12.5%, 10.25%, 20.50%, 10.25%, 81%, 44.25%, 44.25% and 94% re-
spectively. The highest infection levels were noted with C. sphaerospermum
(94%), A. sesamicola (91%) and A. flavus (81%). Among the seed samples ana-
lyzed, CN6 was free of any fungal infection and TK13 was lightly infected, with

only two fungi: M. phaseolina (2.25% infection index) and A. sesamicola (1%).
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Table 3. Infection rate of 72 sesame seed samples from Burkina Faso by various fungi.

Percentage of seed infected by fungi

Samples Fysarium M. A C. P. C. A. A Rhizophus C.
spp. Phaseolina sesamicola sesami sorghina Iunata niger flavus sp. sphaerospermum
T2 32.75a 7.00hi 7.25cd 3.00fg 0.50fg 0.75¢  0.25ij 0.25g 0.50i 0.50i
TK7 23.00b 7.25hi 3.50gh 1.25fg 2.25fg 0.00c  0.25ij 0.00g 0.00i 0.001
HT2 22.75b 69.00c 2.25gh 0.00g 0.25fg 0.00c  0.00j 0.00g 0.00i 0.00i
T1 20.25bc 39.00de 12.50a 2.50fg 0.25fg 0.00c  2.25ij 9.25cd 1.50i 1.501
KPL2 18.50cd 4.25hi 4.00gh 1.75fg 0.00g 0.00c 18.25d 0.50g 8.75h 8.75h
SG 17.50de 6.75hi 0.00h 2.00fg 20.50a 0.25¢  11.25e 0.00g 16.00g 16.00g
KPL5 17.50de 35.25e 9.50ab 0.50g 0.75fg 0.00c  0.50ij 2.75fg 1.25i 1.25i
GM3 16.75de 2.00hi 0.00h 3.75ef 2.25fg 0.50c  1.00ij 0.00g 0.251 0.251
TP1 15.25ef 1.25hi 0.25gh 0.25g 0.25fg 1.50bc  3.50ij 0.00g 0.501 0.501
HF4 14.00fg 83.75b 8.50bc 0.00g 0.50fg 0.00c  0.00j 0.00g 1.00i 1.00i
T4 13.75th 0.75hi 3.50gh 0.75g 0.25fg 0.50c  31.75¢ 9.75c 0.00i 0.00i
TP4 13.25hi 0.75hi 0.25gh 0.00g 1.25fg 0.00c  0.00j 0.00g 0.251 0.251
KO 12.00ij 46.00d 3.75gh 0.25g 13.75b 0.00c  0.00j 0.25g 9.75h 9.75h
T7 10.50jk 0.75hi 2.25gh 0.50g 0.25fg 0.00c  9.00ef 4.50fg 0.00i 0.00i
MO1 10.25Kkl 20.50f 0.75gh 2.75fg 0.25fg 0.25c  1.25ij 0.00g 0.50i 0.50i
MO2 9.25lm 15.50fg 300gh 7.00bc 0.50fg 0.00c  0.50ij 0.00g 0.00i 0.00i
MB1 9.00mn 1.50hi 0.50gh 10.25a 1.5fg 0.00c  0.25ij 0.00g 0.001 0.001
KPL7 8.00no 1.50hi 5.50ef 2.50fg 2.00fg 0.75¢  3.00ij 0.00g 2.251 2.251
TK14 8.00no 19.00f 6.25de 4.00de 10.75¢ 0.00c  1.25ij 0.00g 0.251 0.251
T6 7.750p 1.25hi 4.50fg  2.75fg  0.75fg  0.50c  0.25ij 1.75fg 0.25i 0.25i
T3 7.50pq 1.50hi 3.50gh 075  1.75fg  0.25c  3.50ij 0.25g 2.50 2.50
HF3  7.50pq 91.00a 425gh  050g  025fg  0.00c 0.00j 1.50fg 0.00i 0.00i
T5 6.75qr 1.25hi 1.50gh  0.75g  0.50fg  0.25c  4.5ij 3.50fg 2.00i 2.00i
BZ 6.50rs 66.00c 0.75gh 0.25g 3.00d 0.00c  0.00j 0.00g 94.00a 94.00a
BZ2 6.50rs 4.25hi 3.75gh 8.50ab 2.00fg 0.00c  0.00j 0.50g 68.25d 68.25d
MDO2 5.75rs 44.50d 0.75gh 0.75g 0.50fg 0.00c  1.25ij 0.00g 0.001 0.00i
BZ1 5.50rs 1.75hi 1.00gh 6.50bc 0.00g 0.00c  0.00j 0.00g 83.25b 83.25b
TK6 5.50rs 1.25hi 0.00h 1.00fg 0.75fg 0.00c  0.25ij 0.25g 0.00i 0.00i
MB2 5.50rs 3.00hi 0.75gh 3.75ef 0.75fg 0.00c  0.00; 0.00g 0.00i 0.001
TK12 5.25rs 1.25hi 0.50gh 1.00fg 0.50fg 0.00c  2.00ij 0.00g 0.00i 0.001
BG1 5.00rs 0.00i 1.00gh 0.00g 2.00fg 0.50c  0.50ij 0.00g 61.50e 61.50e
DK2 5.00rs 8.25hi 3.50gh 2.50fg 0.25fg 0.50c  9.00ef 5.75fg 1.00i 1.00i
KPL4 4.50rs 1.00hi 0.00h 1.50fg 1.25fg 0.00c  4.00ij 0.50g 2.501 2.50i
HS 4.25rs 34.00e 3.00gh 3.00fg 2.50ef 0.00c  0.00j 0.00g 45.00f 45.00f
KPL6 4.00rs 2.50hi 12.00a 4.75cd 1.00fg 0.25¢  6.50fg 21.50b 1.00i 1.00i
HF 4.00rs 0.001 0.00h 0.00g 0.00g 0.00c 81.00a 0.00g 0.001 0.001
GM2  4.00rs 1.75hi 0.50gh  0.25g  1.00fg  0.00c 0.50ij 2.75fg 1.00i 1.00i
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BG2 4.00rs 0.50hi 3.75gh 0.75g 2.75de 1.00bc  0.50ij 0.00g 83.50b 83.50b
TK5 4.00rs 0.251 0.00h 0.00g 0.00g 0.00c 0.25ij 0.00g 0.251 0.251
KPL3 3.75rs 1,00hi 2.75gh 3.75ef 0.50fg 0.00c 1.50ij 0.00g 1.00i 1.00i
TK2 3.50rs 1.25hi 0.00h 3.00fg 1.25fg 2.25b 0.75ij 0.00g 0.00i 0.00i
SD 3.50rs 700hi 2.25gh 3.75ef 0.25fg 0.25¢ 1.00ij 0.25g 77.50c 77.50c
NKI  3.25rs 9.50gh 2.00gh  050g  1.00fg  1.25bc 16.00d 1.25fg  0.25i 0.25i
CN1  3.25rs 0.25i 1.25gh  0.00g  025fg  050c  0.00j  0.00g 0.00i 0.00i
TP3 3.00rs 0.00i 0.00h 0.25g 0.00g 0.00c 0.00j 0.00g 0.00i 0.00i
TKI0  3.00rs 5.25hi 1.00gh  0.00g  15fg  0.00c  0.00j  0.00g 0.00i 0.00i
MDO1 2.75rs 3.00hi 1.00gh 0.25g 0.00g 0.00c 0.00j 7.25de 0.00i 0.00i
KPL1 2.75rs 3.75hi 0.50gh 7.75b 0.00g 0.00c 0.50ij 0.00g 3.00i 3.00i
TP6 2.75rs 0.001 0.25gh 0.25g 0.75fg 0.00c 0.00j 0.00g 0.001 0.001
TK8  2.50rs 4.00hi 1.50gh  0.25g  0.25fg  0.00c  2.50ij  0.00g 1.50i 1.50i
CN2  2.25rs 2.25hi 375gh  0.25g  1.25fg  1.00bc 1.00ij  0.75g 4.00i 4.00i
MDI1  2.25rs 2.50hi 0.75gh  1.75fg  0.25fg  0.00c  0.25ij  1.50fg 1.50i 1.50i
CN3 2.25rs 2.50hi 0.00h 0.00g 0.75fg 0.00c 0.00j 0.00g 0.25i 0.25i
GM1 2.00rs 67.50c 0.50gh 0.50g 0.50fg 0.00c 0.75ij 0.00g 0.001 0.001
GF1 1.75rs 8.75hi 1.75gh  0.75g  15fg  1.00bc 5.50gh 3.75fg  8.50h 8.50h
DK1 1.75rs 0.00i 0.00h 1.00fg 0.00g 0.00c 0.75ij 0.00g 0.00i 0.00i
TKI  1.50rs 0.75hi 1.75gh  0.25g  0.25fg  1.00bc 175§  0.75g 0.50i 0.50i
7G 1.50rs 0.001 0.00h 0.00g 0.00g 0.25¢ 2.25ij 1.25fg 3.751 3.751
HT1 1.25rs 0.001 1.50gh 0.00g 0.25fg 0.00c  75.50b  0.00g 0.001 0.00i
CN7 1.25rs 0.00i 0.00h 0.00g 0.00g 0.00c 0.00j 0.00g 0.00i 0.00i
CN5  1.25rs 0.50hi 0.50gh  0.25g  0.25fg  0.00c  0.00j  0.00g 0.00i 0.00i
CB1 1.00rs 0.50hi 0.00h 0.00g 0.00g 0.25¢ 12.00e  44.25a 0.25i 0.25i
TKI1  1.00rs 6.50hi 025gh  1.75fg  1.25fg  0.00c  0.50ij  0.00g 0.00i 0.00i
TK3 1.00rs 3.75hi 0.00h 0.50g 0.50fg 10.25a  2.50ij  4.00fg 0.001 0.00i
TP5 0.75rs 0.00i 0.00h 0.00g 0.00g 0.00c 0.25ij 0.00g 0.251 0.251
TK9  0.75rs 0.50hi 0.25gh  0.00g  0.75fg  0.00c  0.25ij 0.00g 0.00i 0.00i
MD2  0.75rs 0.25i 0.25gh  1.75fg  0.25fg  0.00c  0.00j  0.00g 0,00i 0.00i
TP2 0.75rs 0.001 0.00h 2.50fg 0.00g 0.00c 0.00j 0.25g 0.001 0.001
TK4 0.50rs 0.251 0.00h 0.00g 0.00g 1.25bc  0.50ij 0.00g 0.00i 0.00i
CN4 0.25rs 0.00i 0.00h 0.00g 0.00g 0.50c 4.75hi  6.50ef 0.251 0.251
CN6 0.00s 0.00i 0.00h 0.00g 0.00g 0.00c 0.00j 0.00g 0.001 0.001
TK13 0.00s 0.251 1.00gh 0.00g 0.00g 0.00c 0.00j 0.00g 0.00i 0.001
Cv 58.08 50.22 48.18 118.7 106.86 99.87 229.86 56.23 167.84 37.08
Moyenne  6.39 6.27 10.53 1.98 1.57 1.29 0.38 4.57 1.9 8.21
Pr>F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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3.2.3. Importance of Fungi by Province of Origin of Samples
The results presented in Table 4 showed that fungal seed infection rates varied
according to the province of seed origin. Statistical analysis indicated significant
differences between provinces for all fungal species encountered, with the excep-
tion of A. niger and Rhizopus sp. Fusarium spp., M. phaseolina, A. flavus and C.
sphaerospermum were encountered in all provinces. The Sourou province was
the most infected with Fusarium spp. (17.50% infection index), M. phaseolina
(36%) and C. Junata (20.50%) compared with other provinces. A. sesamicola and
A. flavus were more frequently encountered in the Houet province (46.29% and
26%, respectively) and C. sesami in Kouritenga (4.89%). P. sorghina and C.
sphaerospermum were more frequently found in the Mouhoun and Séno (3.53%
- 3.75%) and the Bazéga and Séno (72.50% - 77.50%) respectively. The province
of Zounwéogo had little or no incidence of several fungi at the same time.

For each fungal species, two groups of provinces can be distinguished: the
thirst group is made up of provinces with high rates of infected seeds, above
10%, and the second group is made up of provinces with relatively low rates of

infected seeds, below 10%.

Table 4. Infection indices of various fungi species associated with sesame seeds collected in different provinces of Burkina Faso in
2020.

Provinces Fusarium M. - A.‘ C. sesami b, ‘ C. A A.  Rhizophus C.
spp.  Phaseolina sesamicola sorghina Iunata niger flavus sp. sphaerospermum

Bazéga 4.50cd 15.00b 0.25bc 2.37bc 0.37cd 2.37¢  0.75a  0.50c 0.00a 72.50a

Boulgou 11.75ab 9.52¢ 12.35bc  4.05ab 2.62bc  0.92c 0.22a 5.15bc 2.97a 25.22b
Comoé 1.43d 1.34d 0.75bc 0.68bc 0.06cd 0.25¢  0.28a 2.21c 6.43a 0.59c¢
Gourma 6.12cd 1.93d 20.00b 0.68bc 1.31cd 1.31c  0.37a  1.93c 1.62a 2.43c
Houet 8.95bc 1.16d 46.29a 3.25bc 0.58cd 0.50c  0.00a 26.00a 0.25a 7.66¢
Koulpélogo  6.25cd 8.83c 18.08bc 2.41bc 1.25c¢d 4.66b 0.16a 2.25c 2.00a 3.58¢
Kouritenga  8.42cd 5.17cd 7.03bc 4.89a 3.21ab 0.78c 0.14a 4.89bc 3.60a 2.82¢
Mouhoun 5.68cd 1.15d 11.34bc 0.96bc 3.53a 0.31c 0.03a  0.43c 0.26a 0.25¢
Nayala 3.25cd 2.00d 9.50bc 2.00bc 0.50cd 1.00c  1.25a 16.00ab 1.25a 0.25c¢

Séno 3.50cd 3.00d 7.00bc 2.25bc 3.75a 0.00c 0.25a  1.00c 0.00a 77.50a

Sourou 17.50a 36.00a 6.75bc 0.00c 2.00cd  20.50a 0.25a 11.25bc  0.00a 16.00bc
Tapoa 4.76¢cd 4.75cd 2.67bc 0.83bc 0.81cd 1.11c  0.8la 0.85c 0.25a 0.17¢
Zoundwéogo  1.50d 0.25d 0.00c 0.00c 0.00d 0.00c 0.25a 2.25c 1.09a 3.75c¢
Moyenne 6.39 4.98 10.53 1.98 1.57 1.29 0.38 4.57 1.9 8.21

Cv 103.09 104.21 167.34 155.04 150.51 172.14 382.17 261.6 336.21 189.56

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.38 <0.0001 0.007 <0.0001
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3.2.4. Importance of Fungi According to Climatic Zone of Origin of
Samples

The results concerning the distribution of the fungi most commonly found in
the three climatic zones are shown in Table 5. The frequencies of four fungal
species (A. sesamicola, P. sorghina, A. flavus and C. sphaerospermum) in seeds
varied according to the climatic zones in which the samples were collected. A.
sesamicola and A. flavus were more prevalent in the Sudanian zone, with infec-
tion indexs of 19.36% and 12.36% respectively, than in the other two zones (Sa-
helian and Sudano-Sahelian). On the other hand, the Sudanian zone was less in-
fected with P. sorghina (0.4%) than the Sahelian zone (3.75%). The Sudanian
and Sudano-Sahelian zones were also less infected with C. spherospermum
(4.44% and 7.98%, respectively) than the Sahelian zone (77.50%). For all other
fungi, no significant differences in infection levels were noted between the three

climatic zones (Table 5).

Table 5. Infection indices of 10 major fungi associated with sesame seeds produced in three climatic zones of Burkina Faso.

Fungi infection indices (%)

Zones climatiques

F. spp. M. p A.s Cs Ps Ccl A.n A f R sp. C. sph

Sahélienne 3.50a 3a 7.00b 2.25a 3.75a 0.25a 0.25a 1.00b 0.25a 77.50a
Soudano-Sahélienne 6.68a 5.39a 8.23b 2.07a 1.85ab 1.17a 0.44a 2.55b 1.50a 7.98b
Soudanienne 5.51a 3.5a 19.36a 1.66a 0.4b 1.78a 0.16a 12.36a 3.53a 4.44b
CvV 113.4 142.77 196.58 171.26 162.24 253.17 383.76 285.93 343.72 251.6
Moyenne 6.39 4.98 10.53 1.98 1.57 1.29 0.38 4.57 1.9 8.21

P 0.39 0.18 0.001 0.7 0.0001 0.36 0.42 0.0001 0.091 0.0001

F. spp.: Fusarium spp., M. p. Macrophomina phaseolina, A. s. A. sesamicola, C. sesame, C. I C. lunata, A. n: A. niger, R. sp.: Rhi-
zophus sp., C. sph: C. sphaerospermum.

4. Discussion

Sesame seed samples were collected from all three climatic zones of Burkina Fa-
so. Of a total of 72 samples collected, 76.38% came from the Sudano-Sahelian
zone, 19.44% from the Sudanian zone, and only 1.38% from the Sahelian zone.
According to statistics from 2012 to 2017, Boucle du Mouhoun, Est, Hauts Bas-
sins and Cascades were the largest sesame producing regions with 69.04% of the
national production and 70% of the total area dedicated to sesame [3]. All these
four major producing regions belong to the Soudano-Sahelian and Soudanian
zone. That justifies the importance of collecting data on these climatic zones.
The Sudano-Sahelian and Sudanian zones are characterized by an average rain-
fall of over 600 mm, which is conducive to sesame production. On the other
hand, the Sahelian zone, characterized by a relatively dry climate (rainfall below
600 mm), is not very favorable to sesame cultivation. In addition to that, access
to the Sahelian zone has become very difficult due to the security crisis. As a re-
sult, we were unable to collect a substantial number of seed samples in this part
of the country at this time (2020).
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Health analysis of 72 sesame samples identified several associated fungal spe-
cies. Fusarium spp., M. phaseolina, Phoma sorghina, C. sesami, A. sesamicola, C.
lunata, A. niger, A. flavus, Rhizopus sp. and C. sphaerospermum were the main
fungi found in sesame seeds in Burkina Faso. These results indicate that numer-
ous fungal agents are associated with sesame seeds in the main production
zones. These fungal agents could originate from the mother seed used by far-
mers, from the soil and/or from the air. The predominance of these fungi shows
that sesame is a preferred host for these fungal agents. Similar results have been
reported by other authors such as [7] [13], who identified the genera Fusarium,
C. sesami, A. sesamicola, M. phaseolina and Phoma spp. as the main fungi asso-
ciated with diseased sesame seeds and plants in Burkina Faso. Our results on
fungal diversity in Burkina Faso are in line with those obtained by [14] describ-
ing a significant presence of fungi belonging to seven main genera on seeds
produced in Pakistan. In China, [15] isolated 25 isolates of Fusarium spp. from
wilted sesame plants. Also, [16], reported that root rot caused by M. phaseolina
is an important sesame disease leading to yield losses of 5% - 100%. The works
by [13] and [17] on sesame seeds produced in Burkina Faso corroborates our
findings on the existence of similar fungi (F. moniliforme, F. equiseti, P. sorghi-
na, M. phaseolina, Aspergillus spp. and C. lunata) at high frequencies in sesame
production sites, thus revealing the existence of a fungal diversity associated with
sesame in Burkina Faso. The fungi identified in Burkina Faso as likely to cause
diseases on sesame could therefore have a significant impact on sesame cultiva-
tion. It should also be noted that the presence of these fungi in seeds, in very
large quantities, is alarming, especially as genera such as Fusarium, Phoma and
Aspergillus are known to produce mycotoxins that are hazardous to human
health [13] [18].

The samples analyzed showed a high infection rate (over 36%). These rates
reveal the extent of contamination of apparently healthy seeds. Each sample
analyzed was at least infected by one or more fungal species. [13] reports that the
fungal infection rate of sesame samples ranged from 1% to 100% for the genera
Fusarium, Alternaria sesamicola, Macrophomina phaseolina and Phoma spp. on
three seed samples analyzed. These results corroborate our own. As the infection
rate of the samples is high, this could have a serious impact on the germinative
capacity of the seeds and the vegetative development of the plants during the
growing season, or on the conservation of the sesame. Indeed, [19] reports that
fungi belonging to the genera Fusarium, Phoma, Curvularia reduce the germina-
tion of sorghum and millet seeds by 4% to 12%, are transmissible to plants at
rates ranging from 63% to 100%, and cause the death of 15% to 65% of emerged
seedlings.

Fungal infection indexs vary from province to province. This indicates a vari-
able distribution of fungal species in the provinces. The present work reveals
that some provinces are more infested with certain fungi than others. For exam-

ple, Fusarium spp., M. phaseolina and C. lunata are more prevalent in Sourou
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province, and C. sphaerospermum is more prevalent in Bazéga and Séno prov-
inces than in other provinces. The high frequency of these fungi in these prov-
inces could be explained by the sensitivity of the varieties used by farmers. For
fungi as a whole, the distribution appears to be homogeneous in several prov-
inces. This situation could be explained by the failure to observe good agricul-
tural practices and the absence of equipment for adequate drying of sesame
seeds, which favors contamination in the field, during post-harvest operations or
during storage. According to [20] [21] inappropriate harvesting, drying and sto-
rage practices contribute to the development of fungi, mainly those of the As-
pergillus genus. Many diseases of plants and agricultural products, from har-
vesting to processing, are caused by Aspergillus. The Aspergillus genus is widely
distributed geographically, but is most frequently found in warmer climates. The
majority of Aspergillus species prefer temperatures between 25°C and 40°C for
optimal growth. That is why they grow very well in food products. Precautions
must therefore be taken during sowing, post-harvest and storage activities to
avoid contamination of sesame crops by these fungi.

The identification of fungi in the provinces enables the initiation of control
methods that will target the predominant fungus in the province. As many of
these fungi cause damage and even disease in humans, it is necessary to assess
their pathogenicity.

Significant differences exist between the Sudanian, Soudano-Sahelian and Sa-
helian zones with regard to A. sesamicola, P. sorghina, A. flavus and C. sphae-
rospermum. A. sesamicola and A. flavus were more important in the Sudanian
zone, while P. sorghina and C. sphaerospermum were more important in the
Sahelian zone. Among the fungi detected in the study, some genera have been
previously isolated from other crops in Burkina Faso by other authors: [22] re-
port that F. moniliforme, F. pallidoroseum, F. solani, C. lunata and P. sorghina
are the main fungi found in sorghum seed samples in Burkina Faso. The varia-
tion in infection index across climatic zones is consistent with work [21] [23]
revealing that contamination, fungal development and mycotoxin production
vary according to environmental conditions such as temperature, humidity and
storage conditions. Several authors [24] [25] [26] [27] also point out that optim-
al conditions for the development of various Fusarium species tend to be hot
and dry. For [28], rainfall conditions are a determining factor in the expression
of cercosporiosis. These various studies explaining the determining factors in the
distribution of fungi in different ecologies support our findings on infection in-
dex in three of the country’s climatic zones. Thus, fungal presence in seeds

seems to be strongly dependent on environmental conditions.

5. Conclusions

The health analysis of the seeds established that sesame seeds in Burkina Faso
are heavily contaminated by various fungi according to the following statistics:

- Fusarium spp., M. phaseolina, Alternaria sesamicola, Cercospora sesami,
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Phoma sorghina, Curvularia lunata, Apergillus niger, Apergillus flavus, Rhizo-
pus sp., C. sphaerospermum were the main fungi infecting 97.12%, 90.28%,
83.33%, 73.61%, 73.61%, 76.39%, 36.11%, 69.44%, 40.28% and 56.94% of the
samples collected respectively.

- Their infection indexs also varied respectively from 0% to 32.75%, from
0.25% to 36%, from 0.25% to 91%, from 0.25% to 12.5%, from 0.25% to 10.25%,
from 0.25% to 20.50%, from 0.25% to 10.25%, from 0.25% to 81%, from 0.25% to
44.25% and from 0.25% to 94%.

Given the abundance of these fungi in sesame samples, it would be wise to

develop methods for controlling pathogenic fungal species.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-
per.

References

[1] MAHRH (Ministére de ’Agriculture de ’Hydraulique et des Ressources Halieuti-
g y q
ques) (2008) Rapport de pré diagnostic de la filiére sésame. Burkina Faso, 20 p.

(2] Gildemacher, P., Audet-Belanger, G., Mangnus, E., Van de Pol, F., Tiombiano, D.
and Sanogo, K. (2015) Développement de la Filiere Sésame; Capitalisation des Ac-
quis au Burkina Faso et au Mali. KIT & CFC, Amsterdam, 48 p.

[3] IMCG (2018) Analyse de la chaine de valeur du sésame au Burkina Faso. Cabinet
International Marketing-Management Consulting Group (IMCG), 211 p.

[4] RONGEAD (2013) Le sésame au Burkina Faso, état des lieux 2013: Fiche technique
de production du sésame. Livret 3, projet mis en ceuvre par RONGEAD et INADES
Formation Burkina, 16 p.

[5] Mbah, M.C. and Akueshi, C.O. (2000) Effect of Seed-Borne Fungi Aspergillus flavus
& Aspergillus niger on the Germinability of Sesame Seeds. Nigerian Journal of Hor-
ticultural Society, 4, 57-64.

[6] Mbah, M.C. and Akueshi, C.O. (2001) Some Physico-Chemical Changes Induced by
Aspergillus flavus & Aspergillus niger on Sesamum indicum & Sesamum radiatum.
Journal of the Science of Agriculture, Food Technology, and the Environment, 1,
65-69.

[7] Soalla, W.R,, Zida, P.E., Neya, B.J. and Koita, K. (2023) Morphological and Molecu-
lar Identification of Fungi Associated with Sesame Diseased Plants of the Three
Agroclimatic Zones of Burkina Faso. American Journal of Plant Sciences, 14, 290-307.
https://doi.org/10.4236/ajps.2023.143020

[8] Pereira, E., Santos, A., Reis, F., Tavares, R.M., Baptista, P., Lino-Neto, T. and Al-
meida-Aguiar, C. (2013) A New Effective Assay to Detect Antimicrobial Activity of
Filamentous Fungi. Microbiological Research, 168, 1-5.
https://doi.org/10.1016/j.micres.2012.06.008

[9] Olagunju, O., Mchunu, N., Durand, N., Alter, P., Montet, D. and Ijabadeniyi, O.
(2018) Effect of Milling, Fermentation or Roasting on Water Activity, Fungal
Growth, and Aflatoxin Contamination of Bambara Groundnut ( Vigna subterranea
(L.) Verdc). LWT— Food Science and Technology, 98, 533-539.
https://doi.org/10.1016/j.1wt.2018.09.001

[10] Robert, O., Darius, O. andika, M.M.D., George, O. and Bernard, M.G. (2020) Mor-

DOI: 10.4236/ajps.2023.148059

893 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2023.148059
https://doi.org/10.4236/ajps.2023.143020
https://doi.org/10.1016/j.micres.2012.06.008
https://doi.org/10.1016/j.lwt.2018.09.001

D. P. Qualietal.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]
(19]

(20]

(21]

(22]

(23]

(24]

(25]

phological and Molecular Characterization of Toxigenic Aspergillus flavus from
Groundnut Kernels in Kenya. International Journal of Microbiology, 2020, Article
ID: 8854718. https://doi.org/10.1155/2020/8854718

ISTA (1999) International Rules for Seed Testing. Seed Science and Technology, 27,
25-30.

Mathur, S.B. and Kongsdal, O. (2003) Common Laboratory Seed Health Testing
Methods for Detecting Fungi. Kandrups Bogtrykkeri, Kgbenhavn, 436 p.

Mathur, S.B. and Manadhar, H.K. (2003) Fungi in Seeds Recorded at the Danish
Government Institute of Seed Pathology for Developing Countries. Danish Gov-
ernment Institute of Seed Pathology for Developing Countries, Copenhagen, 814 p.

Altaf, N, Khan, S.A., Ahmad, M., Asghar, R., Ahmed, R.A., Shaheen, S., Zafar, M.
and Saqib, M. (2004) Seed Borne Mycoflora of Sesame (Sesamum indicum L.) and
Their Effect on Germination and Seedling. Pakistan Journal of Biological Sciences,
7, 243-245. https://doi.org/10.3923/pjbs.2004.243.245

Li, D., Wang, L., Zhang, Y., Lv, H., Qi, X., W. and Zhang, X. (2012) Pathogenic
Variation and Molecular Characterization of Fusarium Species Isolated from Wilted

Sesame in China. African Journal of Microbiology Research, 6, 149-154.
https://doi.org/10.5897/AJMR11.1081

Mahlakshmi, P. and Devi, P.A. (2021) Integrated Management of Root Rot of Se-
same (Sesamum indicum L.) Caused by Macrophomina phaseolina. Journal of En-
tomology and Zoology Studies, 9, 1006-1009.

Somda, I., Leth, V. and Sereme, P. (2006) Seed-Borne Fungi of Food and Cash
Crops Grown in Burkina Faso. Etudes et Recherches Sahéliennes, N° 13, 56-66.

CAST (1989) Mycotoxins: Economic and Health Risks. Report No. 116, 91 p.

Zida, P.E. (2009) Une alternative a la lutte chimique contre les champignons trans-
mis par les semences de sorgho (Sorghum bicolor (L.) Moench) et de mil (Pennise-
tum glaucum (L.) R. Br.) par T'utilisation des extraits de plantes du Burkina Faso.
These de doctorat Unique, spécialité Sciences Biologiques Appliquées, option Phy-
topathologie, Université de Ouagadougou, Ouagadougou, 214 p.

Degraeve, S., Madege, R.R., Audenaert, K., Kamala, A., Ortiz, J., Kimanya, M., Tii-
sekwa, B., De Meulenaer, B. and Haesaert, G. (2016) Impact of Local Pre-Harvest
Management Practices in Maize on the Occurrence of Fusarium Species and Asso-
ciated Mycotoxins in Two Agro-Ecosystems in Tanzania. Food Control, 59, 225-233.
https://doi.org/10.1016/j.foodcont.2015.05.028

Baddi, M., Nassik, S., Alali, S. and El Hraiki, A. (2021) L’impact économique et sa-
nitaire des mycotoxines entre aujourd’hui et demain. Revue Marocaine des Sciences

Agronomiques et Vétérinaires, 9, 339-347.

Zida, P.E., Sérémé, P., Leth, V., Sankara, P., Somda, I. and Néya, A. (2008) Impor-
tance of Seed-Borne Fungi of Sorghum and Pear]l Millet in Burkina Faso and Their
Control Using Plant Extracts. Pakistan Journal of Biological Sciences, 11, 321-331.
https://doi.org/10.3923/pjbs.2008.321.331

Njoroge, A.W., Baoua, I. and Baributsa, D. (2019) Postharvest Management Prac-
tices of Grains in the Eastern Region of Kenya. Journal of Agricultural Science, 11,
33-42. https://doi.org/10.5539/jas.v11n3p33

Rossi, F., Vecchia, P. and Masoero, F. (2001) Estimate of Methane Production from
Rumen Fermentation. Nutrient Cycling in Agroecosystems, 60, 89-92.
https://doi.org/10.1023/A:1012609332406

Doohan, F.M., Brennan, J.M., Moretti, A., Tocco, G., Mule, G., Hornok, L., Giczey,
G. and Tatnell, J. (2005) Predominance and Association of Pathogenic Fungi Caus-

DOI: 10.4236/ajps.2023.148059

894 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2023.148059
https://doi.org/10.1155/2020/8854718
https://doi.org/10.3923/pjbs.2004.243.245
https://doi.org/10.5897/AJMR11.1081
https://doi.org/10.1016/j.foodcont.2015.05.028
https://doi.org/10.3923/pjbs.2008.321.331
https://doi.org/10.5539/jas.v11n3p33
https://doi.org/10.1023/A:1012609332406

D. P. Qualietal.

ing Fusarium Ear Blight in Wheat in Four European Countries. European Journal of
Plant Pathology, 112, 143-154. https://doi.org/10.1007/s10658-005-2446-7

[26] Leslie, J.F., Summerell, B.A. and Bullock, S. (2006) The Fusarium Laboratory Ma-
nual. Blackwell Publishing, Hoboken, 414 p. https://doi.org/10.1002/9780470278376

[27] Voynaud, L. (2020) Fiche technique pépiniére ornementale: Fusariose. Réseau
d’avertissements phytosanitaires. Canada Québec.

[28] Minoungou, A. (2006) Contribution a I’étude de la résistance de quelques variétés
d’arachide (Arachis hypogaea L.) a la cercosporiose précoce (due a Cercospora ara-
chidicola Hori) et son déterminisme génétique. These de doctorat, Université de
Cocody, Cocody, 125.

DOI: 10.4236/ajps.2023.148059 895 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2023.148059
https://doi.org/10.1007/s10658-005-2446-7
https://doi.org/10.1002/9780470278376

	Morphological Identification of the Main Fungi Associated with Sesame in Burkina Faso
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Study Zone
	2.2. Collection of Sesame Sample
	2.3. Seeds Health Analysis
	2.4. Statistical Analysis of Data and Presentation of Results

	3. Results
	3.1. Sesame Sample Collection Results
	3.2. Sesame Seed Mycoflora
	3.2.1. Rate of Seed Samples Contaminated by Fungi
	3.2.2. Indexs of Fungal Infection Detected in Sesame Seed Samples
	3.2.3. Importance of Fungi by Province of Origin of Samples
	3.2.4. Importance of Fungi According to Climatic Zone of Origin of Samples


	4. Discussion
	5. Conclusions
	Conflicts of Interest
	References

