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Abstract

In Burkina Faso, diverse seed sources and weak phytosanitary control compromise seed quality and promote the spread of
pathogens such us Xanthomonas genus strains. Strengthening local capacity in diagnostics and biocontrol is essential to
enhance production system resilience. To this end, cowpea seed lots (Komcallé variety) were collected from six provinces of
Burkina Faso. The bacterial load of the seed lots was evaluated on working samples of 1,050 seeds per province. The presence
of bacteria of the genus Xanthomonas in these samples strains were genotyped using the X4c/X4e PCR primers. In addition,
the efficacy of Ocimum gratissimum, Capsicum chinense, Zingiber officinale, Cassia nigricans and Piper nigrum extracts at a
concentration of 4 g L™ was evaluated in vitro on the bacterial load of cowpea seeds. In situ, germination rate and percentage
of leaf blight symptoms were used to compare the different treatments. The results showed that bacterial loads, expressed as
log CFU mL™, ranged from 7.585 to 8.185 depending on the origin. The PCR was positive for seven suspected strains. Among
the treatments tested, Ocimum gratissimum and Capsicum chinense extracts (4 g L™) significantly reduced residual bacterial
load, with respective averages of 37 and 52 colonies, showing efficacy comparable to the bactericidal control IDEFIX (67
colonies). Under field conditions, O. gratissimum induced a high initial germination rate (83%) and reduced the incidence of
bacterial blight symptoms (31%). Conversely, Zingiber officinale, Cassia nigricans and Piper nigrum promoted early
germination but did not limit symptom progression.
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Introduction

In Burkina Faso, cowpea (Vigna unguiculata) is a widely
cultivated and consumed legume, particularly in urban areas,
where it serves as a major source of plant protein and plays a
central role in daily diets (Dagorret-Bonetto et al. 2025).
However, its production is severely constrained by bacterial
diseases, which represent significant biotic factors limiting
seed yield and quality worldwide. Among these pathogens,
members of the genus Xanthomonas are of particular
concern, as they cause considerable yield losses and can be
transmitted from one plant generation to the next through
infected seeds (Nandini and Kulkarni 2015; Zafar and
Kutama 2024). In Burkina Faso, the Komcallé variety of
cowpea is widely cultivated due to its strong agronomic
performance particularly in terms of pod number,

nodulation, and yield as well as its high nutritional value
(Ouattara et al. 2025). Nevertheless, most farmers,
especially in rural areas, obtain their seeds from local
markets, which often lack adequate phytosanitary control
(Windinmi et al. 2022). Consequently, seed health
inspection and treatment remain the primary strategies for
limiting the spread of bacterial diseases (Gitaitis and Walcott
2007). Despite their short-term efficacy, chemical seed
treatments raise environmental, health, and economic
concerns, underscoring the urgent need for alternative and
sustainable disease management approaches (Singh et al.
2016; Warra and Prasad 2020). In this context, the use of
plant-derived extracts as antibacterial agents represents a
promising and eco-friendly alternative (Kanwal et al. 2009;
Naz et al. 2014; Saeed et al. 2023). Numerous studies have
demonstrated that bioactive compounds naturally present in

To cite this paper: NE Somé, B Ouattara, A Diallo, ZO Dianda, L Belemnaba, K Kaoita, | Wonni (2026). Potential of botanicals for the disinfection of
cowpea (Vigna unguiculata) seeds and bacterial control in Burkina Faso. Intl J Agric Biol 35:350309. https://doi.org/10.17957/1JAB/15.2454

© 2026 The Authors. International Journal of Agriculture and Biology published by Friends Science Publishers, Faisalabad, Pakistan

This is an open access article under the terms of the Creative Commons Attribution License, which permits non-commercial use, distribution and reproduction

in any medium, provided the original work is properly cited


mailto:euvarissome@gmail.com

Somé et al. / Intl J Agric Biol Vol 35, 2026

plants such as essential oils, flavonoids, alkaloids, and
polyphenols exhibit potent antimicrobial activity against a
wide range of phytopathogenic bacteria, including
Xanthomonas sp. (Vasinauskiene et al. 2006; Bajpai et al.
2010; Naqgvi et al. 2022). For instance, extracts from local
plants such as ginger (Zingiber officinale) have shown
strong antibacterial efficacy against Xanthomonas
campestris pv. vesicatoria in tomato seed treatments
(Kebede et al. 2013). Owing to their natural origin, plant
extracts are biodegradable and do not generate toxic residues
or by-products likely to accumulate in the environment
(Kumar et al. 2018). Thus, harnessing these botanical
resources could provide sustainable, environmentally sound,
and economically viable biocontrol solutions for local
producers. This study aimed to assess the bacterial load of
cowpea seeds from different regions, to determine their
contamination by Xanthomonas spp., and to evaluate the
efficacy of botanicals in reducing this contamination.

Materials and Methods
Experimental material details

Plant materials: The different treatments were applied to
the cowpea variety KVX 442-3-25SH, commercially known
as Komcallé. The choice of this variety was based on the fact
that, in certain regions of Burkina Faso such as the Center-
East, it is recommended for dissemination (Takougang et al.
2019). This variety was developed by the National Institute
of Environment and Agricultural Research (INERA) of
Burkina Faso. It has a semi-maturity cycle of 60 days, a
potential yield of 1.8 ton ha™, and an average grain yield
under farmer conditions of 750 kg ha™. In addition, five
plant species were used as sources of bioprotective materials
in the treatments, namely Capsicum chinense, Zingiber
officinale, Cassia nigricans, Ocimum gratissimum and Piper
nigrum. The organs collected included fruits of C. chinense,
rhizomes of Z. officinale, leaves of C. nigricans and O.
gratissimum, and seeds of P. nigrum were used to disinfect
cowpea seeds before sowing. These plants are widely used
in traditional medicine and agriculture for their
antimicrobial, fungicidal, and insecticidal properties
(Matasyoh et al. 2008; Zahin et al. 2021; Periferakis et al.
2023).

Chemical material: In addition to powders derived from
local plant species, a conventional product, Idefix, whose
active ingredient is copper hydroxide, was used as a
bactericidal control. Idefix is a broad-spectrum fungicide-
bactericide commonly employed to control fungal and
bacterial pathogens.

Seed lot sampling
Seed samples were collected from six provinces namely

Bougouriba, Houet, loba, Poni, Kadiogo and Boulkiemdé.
These provinces are representative of two agro-climatic

zones in Burkina Faso, namely the Sudanian zone (Houet,
loba, and Poni) and the Sudano-Sahelian zone (Kadiogo and
Boulkiemdé). Furthermore, the selection of the Poni, loba,
and Bougouriba provinces was based on their proximity to
Ghana, where cowpea bacterial blight has been reported
(Deo-Donne et al. 2018). For each province, 1,000 Komcallé
cowpea seeds (greater than 400 seeds, according
international seed test association method) (Aveling 2014)
obtained from 3 local markets were combined to form a
composite lot, resulting in a total of 3,000 seeds. From each
composite lot, a subsample of 1,050 seeds was taken for
bacterial load quantification and isolation of Xanthomonas
spp. An additional working sample of 420 seeds (60 per
treatment) was prepared by pooling the remaining seeds
from all provinces to evaluate the efficacy of biological
disinfection treatments.

identification of

Assessment of bacterial load and

Xanthomonas spp

From each working lot of 1,050 seeds, a series of subsamples
of decreasing size were prepared to ensure representative
microbial assessment, as follows: one subsample of 500
seeds, five subsamples of 100 seeds each, and five
subsamples of 10 seeds each (Taylor and Phelps 1982). Each
subsample was weighed (Table 1) and placed in a sterile
stomacher bag containing sterile distilled water at a ratio of
2.5 mL g of seed (Grimault et al. 2014). The bags were
incubated at room temperature under moderate agitation (150
rpm) for 24 h to dislodge surface-associated and internally
borne bacteria. Serial tenfold dilutions (10'* to 10°®) were then
prepared, and 50 pL of each dilution were plated on YPGA
medium (yeast extract 7 g, peptone 7 g, glucose 7 g, agar 15
g per 1,000 mL sterile distilled water) supplemented with
cycloheximide (50 pg mL™), and on 10% TSA medium (3 g
tryptic soy broth, 15 g agar per 1,000 mL sterile distilled
water). Plates were incubated at 28°C for 72 h. Colony counts
on YPGA plates were used to estimate bacterial population
density (log CFU mL™). Convex, pale-yellow colonies with
morphological characteristics typical of Xanthomonas spp. on
10% TSA were selected, purified, and preserved in nutrient
broth containing 50% glycerol (v/v, 2:1 ratio) for molecular
characterization.

Molecular identification of Xanthomonas spp.

Bacterial isolates were initially cultured on YPGA medium
for 72 h at 28°C and subsequently transferred to 10%
Tryptic Soy Agar (TSA) medium, where they were
incubated at 28°C for 24 h. Genomic DNA was extracted
from 24 h bacterial suspensions adjusted to 1 x 10’ CFU mL
! by heat lysis at 95°C for 10 min in a Biometra
thermocycler, followed by gradual cooling on ice.
Polymerase chain reaction (PCR) amplification were
performed in a 20 pL reaction mixture (Table 2) using
specific primers p7X4c (5'-ggcaacacccgatccctaaacagg-3')



Table 1: Quantity of water volume (mL) and seed mass (g) used
for the assessment of the total bacterial load of subsamples
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Table 2: Composition of the reaction mixture used for PCR
amplification of the hrpB gene

Provinces  Subsamples Code Number of seeds Weight (g) Water volume (mL)
Houet H500 500 845 211.25
Houet H100.1 100 16.96 424
Houet H100.2 100 17 425
Houet H100.3 100 17.56 439
Houet H100.4 100 17.01 42.52
Houet H100.5 100 17.42 43.55
Houet H10.1 10 1.64 41
Houet H10.2 10 1.84 46
Houet H10.3 10 1.75 437
Houet H10.4 10 1.67 417
Houet H10.5 10 171 427
Boulkiemdé BO500 500 87.51 218.75
Boulkiemdé BO0100.1 100 17.69 44.22
Boulkiemdé B0100.2 100 17.78 44.45
Boulkiemdé B0100.3 100 17.33 43.32
Boulkiemdé B0100.4 100 17.39 43.47
Boulkiemdé B0100.5 100 17.62 44.05
Boulkiemdé BO10.1 10 18 45
Boulkiemdé BO10.2 10 1.76 44
Boulkiemdé BO10.3 10 177 4.42
Boulkiemdé BO10.4 10 1.74 435
Boulkiemdé BO10.5 10 17 4.25
Bougouriba B500 500 83.28 208.2
Bougouriba B100.1 100 16.79 41.97
Bougouriba B100.2 100 17.02 42.55
Bougouriba B100.3 100 16.47 41.17
Bougouriba B100.4 100 16.57 41.42
Bougouriba B100.5 100 17.09 42.72
Bougouriba B10.1 10 171 427
Bougouriba B10.2 10 1.6 4
Bougouriba B10.3 10 1.61 4.02
Bougouriba B10.4 10 1.62 4.05
Bougouriba B10.5 10 1.67 417
loba 1500 500 69.37 173.42
loba 1100.1 100 14.97 37.42
loba 1100.2 100 16.56 414
loba 1100.3 100 13.45 33.62
loba 1100.4 100 14.08 35.2
loba 1100.5 100 13.55 33.87
loba 110.1 10 1.48 37
loba 110.2 10 1.47 3.67
loba 110.3 10 1.75 4.37
loba 110.4 10 1.66 415
loba 110.5 10 1.63 4.07
Kadiogo K500 500 82.27 205.67
Kadiogo K100.1 100 16.34 40.85
Kadiogo K100.2 100 17.52 43.8
Kadiogo K100.3 100 17.35 43.37
Kadiogo K100.4 100 15.44 38.6
Kadiogo K100.5 100 17.24 43.1
Kadiogo K10.1 10 1.46 3.65
Kadiogo K10.2 10 14 35
Kadiogo K10.3 10 1.36 34
Kadiogo K10.4 10 1.67 417
Kadiogo K10.5 10 1.33 3.32
Poni P500 500 97.32 2433
Poni P100.1 100 19.91 49.77
Poni P100.2 100 18.77 46.92
Poni P100.3 100 18.9 47.25
Poni P100.4 100 19.32 48.3
Poni P100.5 100 17.79 44.47
Poni P10.1 10 1.87 4.67
Poni P10.2 10 191 4.77
Poni P10.3 10 2.35 5.87
Poni P10.4 10 177 4.42
Poni P10.5 10 1.85 4.62

and p7X4e (5'-cgccggaagcacgatcctcgaag-3'), generating a
730 bp fragment (Audy et al. 1996). The PCR conditions
consisted of an initial denaturation at 94°C for 3 min;
followed by 35 cycles of denaturation at 94°C for 1 min,
annealing at 60°C for 30 s, and extension at 72°C for 1 min

Composition Volume (uL)
Tampon 5” Go Taq (Promega) 4

dNTP (2,5 mM) 16

X4E (20 pM) 05

XA4C (20 pMm) 05
GoTag5UpL? 0.08

Boiled bacterial suspension 5

Sterile distilled water 8.32

30 s; with a final extension at 72°C for 10 min. Amplified
PCR products (5 pL) were separated by electrophoresis on
1.5% agarose gel prepared in 1x TAE buffer and visualized
under a UV transilluminator gel imaging system.
Xanthomonas citri pv. fuscans strain CFBP 7767 served as
the positive control.

Seed treatment

Plant materials were dried in the dark at room temperature
and ground into a fine powder, which was stored in the
shade for one week. For each treatment, a crude extract was
prepared by macerating the dried powder in sterile distilled
water at a ratio of 50 g of powder per 5 kg of seeds. The
detailed ratios of treatments were as follows: C.
chinense/CN (0.04 g powder: 10.24 g seeds: 25.60 mL
water), Z. officinale/PJ (0.04 g: 10.75 g: 26.87 mL), C.
nigricans/CN  (0.04 ¢: 1089 g¢g. 2722 mL), O.
gratissimum/OG (0.04 g: 10.08 g: 25.20 mL) and P.
nigrum/PN (0.04 g: 10.81 g: 27.02 mL). Sixty Komcallé
seeds were immersed in each extract and incubated at room
temperature under gentle agitation (150 rpm) for 12 h.
Following incubation, seeds were drained and air-dried at
room temperature for 12 h before further evaluation.
Untreated seeds and seeds treated with Idefix (50 g per 5 kg
of seeds) served as negative (TNT) and positive (TB)
controls, respectively. The treated seeds were used to
evaluate the efficacy of plant extracts in vitro and in vivo,
summarizes the main characteristics of the biological
treatments applied.

In vitro extracts efficacy on residual bacterial load

For this purpose, 30 seeds per treatment were evenly placed
on LPGA medium supplemented with cycloheximide (50 pg
mL™) to inhibit fungal growth. Seeds were arranged in Petri
dishes at 10 seeds per dish, with three independent replicates
per treatment. The dishes were incubated at 28°C for 72 h in
a bacteriological incubator and bacterial growth around each
seed was visually assessed to enumerate colonies.

In situ efficacy of extracts on germination and bacterial
blight

A field trial was conducted at Farako-Ba in Houet province,
western Burkina Faso. The site experiences a Sudanian-
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Guinean climate (Guinko 1984), with two distinct seasons: a
rainy season from June to October and a dry season from
November to May. Annual rainfall ranges from 800 to 1,000
mm over 75-85 days, with a mean annual maximum
temperature of 33°C. The experiment covered a total area of
570 m x 400 m and was arranged in a completely
randomized block design with three blocks. Each block
contained six elementary plots measuring 0.60 m x 1.00 m,
randomly assigned to one treatment per plot, and separated
by 0.30 m. Seeds were sown at a rate of ten seeds per
treatment per block (five seeds per row), with 0.20 m
spacing between holes and 0.30 m between rows, ensuring
uniform plant development and minimizing intra-specific
competition. Germination rate (G) was assessed on 4" days
after sowing using the formula:
NG

G (%) = 5 100 (1)
Where, NS = 10 seeds sown per plot. Two weeks post-
sowing, the first trifoliate leaves were collected, and areas
showing symptoms of bacterial blight were quantified using
ImageJ and llastik software (Foucher et al. 2022). A total of
12 leaves were analyzed per treatment.

Statistical analysis

Data were recorded in Excel and analyzed with RStudio
2025.05.1 Build 513. Bacterial populations were compared
using the Kruskal-Wallis test followed by Dunn’s test with
Bonferroni correction. The effect of treatments on bacterial
colonies and symptom percentages was assessed by one-way
ANOVA followed by Tukey’s HSD test. Germination rates
were analyzed with the Kruskal-Wallis test and Bonferroni-
adjusted pairwise comparisons.

Results
Bacterial load and Xanthomonas spp. infection of seeds

The analysis of bacterial population distribution, expressed
in log CFU/mL, detected on cowpea seeds collected from six
provinces in Burkina Faso revealed a significant variation in
bacterial loads depending on their origin (P = 0.0175). The
highest average loads were observed in the Houet (8.185 log
CFU mL™) and loba (8.063 log CFU mL™) provinces, which
were statistically comparable to those recorded in the
Boulkiemdé, Kadiogo and Poni provinces (Fig. 1). The
Bougouriba province, on the other hand, had the lowest
average load (7.585 log CFU mL™), significantly lower than
those of Houet and loba. Overall, five out of six provinces
showed similar average bacterial loads on the Komcallé
cowpea variety. Furthermore, 21 bacterial strains suspected to
belong to Xanthomonas spp. were isolated, distributed as
follows: Boulkiemdé (8), Houet (5), Kadiogo (6), and loba
(2). The identity of 7 isolates as X. citri pv. fuscans or X.
phaseoli pv. phaseoli was confirmed by PCR. These are: 2
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Fig. 1: Bacterial population (Log UFC mL™) of Komcallé seeds
variety from six provinces of Burkina Faso. Different letters
above the boxes indicate significant differences between
provinces according to Dunn’s test (P < 0.05) following a
Kruskal-Wallis test. Boxes represent the interquartile range
(IQR), the horizontal line inside each box indicates the median,
and dots represent individual data points
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Fig. 2: Agarose gel electrophoresis (1.5%) of PCR products
amplified with hrpB-specific primers. Lane M: 1 kb DNA ladder;
Lane Xcf: positive control (Xanthomonas citri pv. fuscans strain;
Lane EDS: negative control (sterile distilled water)

from Boulkiemdé, 3 from Kadiogo and 2 from Houet (Fig.
2).

Effect of treatments on the residual bacterial load of
seeds

Statistical analysis revealed a significant difference in
residual bacterial load depending on the treatment applied.
Cowpea seeds treated with O. gratissimum and C. chinense
showed the lowest mean numbers of residual bacterial
colonies, with 37 and 52 colonies respectively (Fig. 3).
These results were comparable to those obtained with the
bactericidal control (67 colonies on average) and were
significantly better than the untreated control. Thus, O.
gratissimum and C. chinense emerged as the most effective
biological treatments, significantly reducing the residual
bacterial load of seeds, unlike the other extracts tested,
whose effectiveness remained similar to that of the controls.
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In situ effects of the applied treatments

Analyses revealed that the treatments significantly
influenced the mean germination rate of seeds at T4. Seeds
treated with C. nigricans and O. gratissimum showed the
highest mean germination of 83%, which was statistically
comparable to that obtained with Z. officinale and C.
chinense (Fig. 4a). Treatments with P. nigrum and the
bactericidal control showed intermediate mean rates of 60%
and 53%, respectively, while the untreated control displayed
the lowest germination rate (= 50%). Regarding the
percentage of bacterial blight symptoms observed on
trifoliate leaves, differences between treatments were also
significant. Treatment with C. nigricans exhibited the highest
proportion of symptoms, with a mean of 55%, significantly
higher than that observed with O. gratissimum (= 30%) (Fig.
4b). Other treatments, including the bactericidal and
untreated controls, showed intermediate values with no
significant differences among them.

Discussion

The results of this study confirm that cowpea seeds marketed
across several provinces in Burkina Faso harbor high
bacterial loads. This observation is consistent with previous
reports from Nigeria, where substantial bacterial
colonization, particularly by Xanthomonas axonopodis pv.
vignicola, was detected on the seed coat and hilum
(Claudius-Cole et al. 2016). Significant variations in
bacterial loads according to seed provenance may be
attributed to differences in post-harvest handling, storage
conditions, and local phytosanitary practices, as previously
suggested in Benin (Anago et al. 2021). The Houet and loba
provinces, which exhibited the highest bacterial loads, could
therefore be prioritized for the implementation of preventive
seed disinfection strategies. Moreover, the similarity of
bacterial loads observed in five out of six provinces
highlights the ease of seed movement between regions in the
absence of strict phytosanitary control. The PCR with
several seed isolates confirmed their affiliation with the
genus Xanthomonas, demonstrating that the dissemination
of bacteria such as X. citri pv. fuscans is closely linked to
their capacity to survive within seeds (Darrasse et al. 2018).
In vitro evaluation of biological treatments showed that
extracts of O. gratissimum and C. chinense significantly
reduced residual bacterial loads, with efficacy comparable to
copper-based chemical treatment. This highlights the potent
antibacterial and antivirulence activities of C. chinense
extracts, confirming their potential as plant-derived
antimicrobial agents (Menezes et al. 2022). The antibacterial
activity of O. gratissimum is attributed to its high content of
eugenol and other phenolic compounds capable of disrupting
bacterial membranes (Pandey 2017). Furthermore,
phytochemical screening of O. gratissimum leaves revealed
the presence of flavonoids, tannins, alkaloids, and other
secondary metabolites, providing a mechanistic basis for its

~ ~
-3 &
=3 s
e

. Q ._- ] ane .
%ﬁgﬁ

Treatment

Number_of _colonies
=
g

5

s

CN G PN TB TNT

Fig. 3: Effect of treatments on the number of bacterial colonies.
Different letters above the boxes indicate significant differences
between treatments according to Tukey’s test (P < 0.05)
following a one-way ANOVA. Boxes represent the interquartile
range (IQR), the horizontal line inside each box indicates the
median, the black dot represents the mean, and dots correspond to
individual data points

100 a

be

75 T = be T c
50
25
0 1
PJ PN

Mean_Germination_Rate (%)

(a) CN G 0G TB TNT
Treatment )
ab
- ab

{ - . ab ab
. b : X

e | bl

Symptom_Percentage (%)

CN G oG PJ PN TB TNT
Treatment ’

s

Fig. 4: In situ effects of treatments applied to Komcallé seeds
(CN: C. nigricans; G: Z. officinale; OG: O. gratissimum; PJ: C.
chinense; PN: P. nigrum; TB: Idefix; TNT: untreated seeds): (a)
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test (Pr(>F) = 0.0408) after one-way ANOVA
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antibacterial activity (Eghosa 2025). Notably, the superior
field performance of O. gratissimum suggests not only
antimicrobial effects but also potential biostimulant or seed-
vigor enhancing properties. Comparable in situ stimulation
of seed vigor and root development has been documented
for plant-derived biostimulants enriched in polyphenols and
terpenoids (Katam et al. 2022; Martinez-Lorente et al.
2024). In fact, the combination of O. gratissimum extracts
and chitosan nanoparticles present in the soil has
demonstrated antioxidant and antibacterial activities,
suggesting their potential as biostimulants (Onyebuchi and
Kavaz 2019). This dual role warrants further investigation,
particularly to determine whether specific metabolites
contribute simultaneously to germination and early seedling
growth. This biostimulant effect may be attributed to the
modulation of antioxidant enzyme activities and the
induction of systemic resistance, as previously reported for
essential oil-based biocontrol formulations (Silva et al.
2025). In contrast, extracts such as those from C. nigricans
and Z. officinale, which improved germination without
offering protection against disease symptoms, confirm that
enhanced germination does not necessarily translate into
increased resistance to pathogens (Mondal and Bose 2014).

Conclusion

This study concluded that the Komcallé cowpea variety
carries a consistently high bacterial load across the most
provinces of Burkina Faso, representing a potential source of
Xanthomonas dissemination through seeds. Nonetheless,
certain local plants, particularly O. gratissimum and C.
chinense, showed promising potential as sustainable
alternatives to synthetic chemical treatments. Their efficacy,
observed both in vitro and in situ, highlights their possible
role in reducing reliance on synthetic pesticides and
promoting integrated disease management strategies adapted
to West African agricultural systems. However, further
multi-year and multi-location trials remain essential to
validate their effectiveness and ensure their successful
integration into sustainable farming practices.

Acknowledgements

The data presented in this article are part of the first author’s
doctoral thesis. The authors express their deep gratitude to
the Higher Education Support Project for its financial
support.

Author Contributions

NES, BO and IW designed the experiment, analyzed the
data and drafted the first version of the manuscript. ZOD,
AD, LB and KK contributed to manuscript revisions. W
supervised the entire research work.

Conflict of Interest
The authors declare that they have no conflict of interest.
Data Availability

All data generated or analyzed in this study are included in
this article and can be made available upon request.

Ethics Approval

Not applicable for this paper.

References

Anago FN, EC Agbangba, BTC Oussou, GD Dagbenonbakin, LG Amadiji
(2021). Cultivation of cowpea challenges in West Africa for food
security: Analysis of factors driving yield gap in Benin. Agronomy
11:1-13

Audy P, CE Braat, G Saindon, HC Huang, A Laroche (1996). A rapid and
sensitive PCR-based assay for concurrent detection of bacteria
causing common and halo blights in bean seed. Phytopathology
86:361-366

Aveling TAS (2014). Global standards in seed health testing. In: Global
Perspectives on the Health of Seeds and Plant Propagation Material,
pp:17-28. Gullino ML, G Munkvold (Eds.). Springer Netherlands,
Dordrecht

Bajpai VK, MJ Cho, SC Kang (2010). Control of plant pathogenic bacteria
of Xanthomonas spp. by the Essential oil and extracts of Metasequoia
glyptostroboides Miki ex Hu in vitro and in vivo. J Phytopathol
158:479-486

Claudius-Cole AO, EJA Ekpo, AMC Schilder (2016). Evaluation of
detection methods for cowpea bacterial blight caused by
Xanthomonas axonopodis pv vignicola in Nigeria. Trop Agric Res
Ext17:1-9

Dagorret-Bonetto E, C Mouquet-Rivier, F Hama-Ba, WA Hounkpatin, C
Icard-Verniére, S Fortin, Y Hemery (2025). Current place of legumes
on consumers’ plates in Benin and Burkina Faso? Innov Agron 99:274—
287

Darrasse A, M Barret, S Ceshron, S Compant, MA Jacques (2018). Niches
and routes of transmission of Xanthomonas citri pv. fuscans to bean
seeds. Plant Soil 422:115-128

Deo-Donne PL, ST Annan, F Adarkwah, F Pady, A Anyamesem-Poku
(2018). Reaction of cowpea genotypes to bacterial blight
(Xanthomonas campestris pv. vignicola) disease in Ghana. World J
Agric Res 6:105-112

Eghosa AJ (2025). Phytochemical analysis and antibacterial activities of
ocimum gratissimum leaves. BW Acad J 2:38-44

Foucher J, M Ruh, M Briand, A Préveaux, F Barbazange, T Boureau, M-A
Jacques, NWG Chen (2022). Improving common bacterial blight
phenotyping by using rub inoculation and machine learning: Cheaper,
better, faster, stronger. Phytopathology 112:691-699

Gitaitis R, R Walcott (2007). The epidemiology and management of
seedborne bacterial diseases. Annu Rev Phytopathol 45:371-397

Grimault V, V Olivier, M Rolland, A Darrasse, MA Jacques (2014).
Detection of Xanthomonas axonopodis pv. phaseoli and
Xanthomonas axonopodis pv. phaseoli var. fuscans on Phaseolus
vulgaris (bean). In: International Rules for Seed Testing Annexe to
Chapter 7: Seed Health Testing Methods, pp:7-21

Guinko S (1984). La végétation de la Haute Volta. Thése de doctorat en
Sciences Naturelles. Univ Bordx 111 2

Kanwal Q, I Hussain, LH Siddiqui, A Javaid (2009). Flavonoids from
mango leaves with antibacterial activity. J Serb Chem Soc 74:1389—
1399

Katam R, C Lin, K Grant, CS Katam, S Chen (2022). Advances in plant
metabolomics and its applications in stress and single-cell biology.
Intl J Mol Sci 23:6985



Xanthomonas Control in Cowpea Seed Disinfection / Intl J Agric Biol Vol 35, 2026

Kebede M, A Ayalew, M Yesuf (2013). Efficacy of plant extracts,
traditional materials and antibacterial chemicals against Xanthomonas
campestris pv. vesicatoria on tomato seed. Afr J Microbiol Res
7:2395-2400

Kumar NK, VBS Kumar, SE Manjunatha, AS Padmaja, NS Pankaja (2018).
Antimicrobial activity of medicinal plants against Xanthomonas
campestris pv. campestris causing black rot of cabbage. Intl J
Commun Sys 6:1871-1874

Martinez-Lorente SE, JM Marti-Guillén, MA Pedrefio, L Almagro, AB
Sabater-Jara (2024). Higher plant-derived biostimulants: mechanisms
of action and their role in mitigating plant abiotic stress. Antioxidants
13:318

Matasyoh LG, JC Matasyoh, FN Wachira, MG Kinyua, AWT Muigai, TK
Mukiama (2008). Antimicrobial activity of essential oils of ocimum
gratissimum |. from different populations of Kenya. Afr J Tradit
Compl Altern Med 5:187-193

Menezes R P, MAS Bessa, PSC de, SC Teixeira, EAV Ferro, MM Martins,
LCS Cunha, CHG Martins (2022). Antimicrobial, antivirulence, and
antiparasitic potential of Capsicum chinense Jacq. extracts and their
isolated compound capsaicin. Antibiotics 11:1154

Mondal S, Bose B (2014). An impact of seed priming on disease resistance:
A review. In: Microbial Diversity and Biotechnology in Food
Security, pp:193-203. Kharwar RN, RS Upadhyay, NK Dubey, R
Raghuwanshi (Eds.). Springer India, New Delhi

Nandini R, S Kulkarni (2015). Integrated management of bacterial blight of
cowpea caused by Xanthomonas axonopodis pv. vignicola (burkh.).
Intl J Bioassays 4:4174-4176

Naqvi SAH, S Igbal, U Faroogq, MZ Hassan, MN Shahid, AN Shah, A
Abbas, | Mubeen, A Faroog, RY Ghareeb (2022). Evaluation of
bacterial perpetuation assays and plant biomolecules antimicrobial
activity against cotton blight bacterium Xanthomonas citri subsp.
malvacearum: An alternative source for food production and
protection. Plants 11:1278

Naz S, A Javaid, N Ahmed, A Shoaib (2014). Antibacterial activity of
essential oils of Trachyspermum ammi (L.) Sprague and Ocimum
basilicum L. against Acidovorax sp. Intl J Biol Biotechnol 11:671—
675

Onyebuchi C, D Kavaz (2019). Chitosan and N, N, N-trimethyl chitosan
nanoparticle encapsulation of Ocimum gratissimum essential oil:
Optimised synthesis, in vitro release and bioactivity. Intl J Nanomed
14:7707-7727

Ouattara S, S Kouhounde, S Zougrana, HK Somé, MBJ Oubda, K Adeoti
(2025). Agronomic performances and tolerance to brown spot and
aphid attacks of cowpea varieties under the mineral fertilizers” effect
in Burkina Faso. J Exp Agric Intl 47:49-56

Pandey S (2017). Antibacterial and antifungal activities of Ocimum

gratissimum L. Proteus 25:56

Periferakis AT, A Periferakis, K Periferakis, A Caruntu, IA Badarau, |
Savulescu-Fiedler, C Scheau, C Caruntu (2023). Antimicrobial
properties of capsaicin: Available data and future research
perspectives. Nutrients 15:1-27

Saeed HM, MF Ferdosi, IH Khan, A Javaid, MW Sultan (2023).
Antibacterial activity and gc-ms analysis of white flowers extract of
Nerium oleander L. Intl J Biol Biotechnol 20:163-168

Silva MP, KSS Vilhena, EJB Santos, OO Ferreira, LSD Costa, FWF
Bezerra, MS Oliveira, EHA Andrade (2025). Essential oils as
potential integrated pest management strategies. In: Natural
Pesticides and Allelochemicals, 1% edn., p:14. CRC Press

Singh SG, N Mehta, PD Meena (2016). Pathogen. In: Alternaria Diseases of
Crucifers: Biology, Ecology and Disease Management, pp:53-86.
Springer Singapore

Takougang SAM, NC Nana, TBJ Batieno, B Somé (2019). Choosing the
Best Cowpea Varieties Appropriate for the Central-Eastern Region of
Burkina Faso using PROMETHEE Methods. Eur J Pure Appl Math
12:1717-1730

Taylor JD, K Phelps (1982). Estimation of percentage seed infection. In:
Report on the 1% International Workshop on Seed Bacteriology.
Angers

Vasinauskiene M, J Radusiene, | Zitikaite, E Surviliene (2006). Antibacterial
activities of essential oils from aromatic and medicinal plants against
growth of phytopathogenic bacteria. Agron Res 4:437-440

Warra AA, MNV Prasad (2020). African perspective of chemical usage in
agriculture and horticulture: their impact on human health and
environment. In:  Agrochemicals Detection, Treatment and
Remediation, pp:401-436. Elsevier

Windinmi  SEMF, CG Onstantin, Y Jummai (2022). Seed system
governance and its impact on sorghum and cowpea sectors in Burkina
Faso. Human Soc Sci 10:168-175

Zafar S, AS Kutama (2024). Effect of radiation on the incidence and severity
of bacterial blight disease induced by Xanthomonas axonopodis pv.
vignicola on some varieties of cowpea (Vigna unguiculata L. Walp).
Biol Environ Sci J Trop 21:37-45

Zahin M, NA Bokhari, I Ahmad, FM Husain, AS Althubiani, MW
Alruways, K Perveen, M Shalawi (2021). Antioxidant, antibacterial,
and antimutagenic activity of Piper nigrum seeds extracts. Saud J
Biol Sci 28:5094-5105



