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Abstract: Conventional agriculture has caused degradation of
ecosystems and contributes to the greenhouse effect, the development
of genetic resistance, and adverse effects on human health. The use of
microorganisms in biological control promotes sustainable
agriculture. The objective of this research was to evaluate the
antagonistic capacity of Bacillus subtilis F. Cohn in vitro against
strains of phytopathogenic and beneficial fungi. The dual challenge
and volatile compound methods were used at two growth stages.
Myecelial growth was measured, and the percentage of inhibition and
growth rate were determined. Spores were counted to determine the
percentage of inhibition in fungal sporulation. The dual method
showed that the highest percentage of inhibition occurred in
Moniliophthora roreri, with 61.85% vertical and 27.43% horizontal
inhibition, while in Aspergillus spp. and Trichoderma harzianum, the
percentage was less than 25%. In the volatile compound method,
Arthrobotrys conoides and Beauveria bassiana exhibited an inhibition
percentage greater than 50%, whereas Penicillium spp. and
Metarhizium anisopliae exhibited a percentage less than 25%. B.
subtilis exhibited antagonism against most phytopathogenic fungi,
while it had a minimal effect on the growth of Aspergillus spp. and T.
harzianum and a medium-to-high effect on the growth of
nematophagous fungi. Furthermore, B. subtilis colonies caused
changes in the macroscopic and microscopic characteristics of the
studied fungi, due to the wide range of compounds they can produce.

Keywords: Bacillus subtilis, Trichoderma harzianum, secondary
metabolites, nematophagous fungi, entomopathogenic fungi,
phytopathogenic fungi.
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Evaluation of the Antagonistic Activity of Bacillus subtilis Against Pathogenic and Beneficial
Agricultural Fungi

Resumen: La agricultura convencional ha generado un desgaste en
los ecosistemas y contribuye al aumento del efecto invernadero, al
desarrollo de resistencia genética y afectaciones a la salud humana. El
uso de microorganismos en el control biologico favorece una
agricultura sostenible. El objetivo de esta investigacion fue evaluar la
capacidad antagonista de Bacillus subtillis F. Cohn in vitro, frente a
cepas de hongos fitopatogenos y benéficos. Se usaron los métodos de
enfrentamiento dual y de compuestos volatiles en dos etapas de
crecimiento. Se realizé la medicion del crecimiento micelial y se
determiné el porcentaje de inhibicion y la tasa de crecimiento. Se
contabilizo las esporas para determinar el porcentaje de inhibicion en
la esporulacion de los hongos. El método dual mostré que el mayor
porcentaje de inhibicion ocurrid en Moniliophthora roreri con un
61,85 % vertical y 27,43 % horizontal, mientras que, en Aspergillus
spp., y Trichoderma. harzianum el porcentaje fue menor al 25 %. En
el método de compuestos volatiles Arthrobotrys conoides y Beauveria
bassiana presentaron un porcentaje de inhibiciéon mayor al 50%, por
su parte, Penicillium spp. y Metarhizium anisopliae presentaron un
porcentaje menor al 25 %. B. subtilis provoco antagonismo frente a la
mayoria de los hongos fitopatdogenos, mientras que, causd un efecto
minimo en el desarrollo de Aspergillus spp., y T. harzianum y, un
efecto medio-alto en el desarrollo de hongos nematofagos. Ademas,
las colonias de B. subtilis provocaron cambios en las caracteristicas
macroscopicas y microscopicas de los hongos estudiados, debido al
amplio numero de compuestos que pueden producir.

Palabras clave: Bacillus subtilis, Trichoderma harzianum,
metabolitos ~ secundarios,  hongos  nematéfagos,  hongos
entomopatogenos, hongos fitopatdgenos.

Introduction

Conventional agricultural practices are becoming increasingly
unsustainable, negatively impacting environmental, economic, and
social aspects in the areas where they are carried out. The excessive use
of pesticides and chemical fertilizers, along with inappropriate farming
practices and the expansion of agriculture, has damaged ecosystems and
contributed to the greenhouse effect (Baquero et al., 2007) .

It is important to recognize that agriculture is a crucial activity for the
world’s economic, social, and environmental development, as it
provides approximately 80% of the food consumed. However, pests and
diseases—including bacteria, nematodes, viruses, insects, and
especially fungi—affect approximately 20% to 30% of annual
agricultural production (FAO, IFAD, PAHO, WFP, 2020) .
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Using microorganisms for the biological control of crop-affecting
pathogens is an ecological and effective option that promotes
sustainable agriculture, as it reduces the problems associated with the
use of pesticides and chemicals (Ruiz-Sanchez et al., 2016) . Research
has focused on identifying native microorganisms that function under
the specific environmental conditions of each region and can be used to
restore soil microbiota interactions. In this way, they could be used as
biofertilizers and/or biocontrol agents, mitigating the impact of
agrochemicals and reducing production costs (Orberd et al., 2014) .

Certain microorganisms produce nutrients that serve as food for other
microorganisms (Albuquerque, Elizabeth Albuquerque, 2009)
Bacteria in the body’s normal flora control the growth of harmful
microorganisms. Among the microorganisms used for this purpose are
bacteria of the genus Bacillus, which have high potential due to their
ability to exert antagonistic activity through competition, the
production of antibiotics, and the production of lytic enzymes such as
chitinases (Tejera et al., 2012) .

The development of bioproducts for disease control focuses on the
ecological preservation of the interaction between the plant and the
microorganism, strategies for applying inoculants, the isolation of new
strains, and the identification of innovative mechanisms of action
(Cobo, 2017) . Bacillus species have great potential as antagonists due
to the large number of biocidal substances they produce, which are
capable of controlling plant pathogens (Villarreal et al., 2017) .

This research is of great importance in the field of sustainable
agriculture, as it proposes the use of microorganisms as a biocontrol
strategy against pathogens that affect crops. The identification and
application of native microorganisms allow for the restoration of soil
microbiota interactions, improved nutrient availability, and reduced
production costs, thereby contributing to the mitigation of the adverse
effects of agrochemicals.

This research offers the potential to identify effective combinations of
microorganisms in sustainable agriculture, opening up a promising
field. These organisms, primarily beneficial bacteria and fungi, perform
key functions in agricultural ecosystems and can improve agricultural
productivity while reducing the need for chemical pesticides and
fertilizers, thereby promoting sustainability in agricultural and
industrial production.
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Methodology

The research was conducted at the Biological Sciences Laboratory,
located in the Faculty of Natural Resources at ESPOCH, in the
Lizarzaburu Parish, Riobamba Canton, Chimborazo Province. The

environmental conditions inside the laboratory average a temperature
of 23 °C and relative humidity of 67%.

Microorganisms Used

The Bacillus subtilis F. Cohn isolate and the seven strains of beneficial
fungi were obtained from the fungal culture collection of the Biological
Sciences Laboratory, and the seven strains of phytopathogenic fungi
were obtained from the fungal culture collection of the Plant Pathology
Laboratory at the Faculty of Natural Resources of ESPOCH.

Calculation of the percentage of mycelial growth inhibition

To determine the effect of Bacillus subtilis F. Cohn on fungal growth,
the “ method was used, which involves measuring the horizontal and
vertical diameters in the presence of the bacterium, while Petri dishes
containing only the fungi were used as controls. Data were collected
every 24 hours. Using the measurements obtained, the percentage of
mycelial growth inhibition was calculated using Equation 1.

diametro tratamiento

Porcentaje de inhibicién = (1 — ) * 100

(1)

To determine the degree of inhibition, the scale described in Table 1
was used.

diametro control

Tablel . Scale of percentage of inhibition

Low 0%—-25%
Medium 25%-50%
High > 50%

Calculation of the growth rate

Mycelium growth was recorded in the Petri dish (Corrales Ramirez et
al., 2012) , using the following equation:

crecimiento final—crecimiento inicial
Tc = )

tiempo final—tiempo inicial
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Calculation of the percentage of sporulation inhibition

The percentage of sporulation inhibition was calculated once the fungal
control reached its maximum growth (Rodrigues et al., 2010; Velasquez
Gurrola, 2005) .

Morphological characteristics

Among the macroscopic characteristics, the color of the colonies was
evaluated( Pantone® USA | Pantone Color Systems - Introduction, n.d.)
, as well as the characteristics of the mycelium, as described by various
authors depending on the fungus. To determine the growth rate, the
scale described in Table 2 was used (Hernandez Romero, 2018) .

Table2 . Fungal growth scale

Between one and two
Fast
weeks
Moderate Between two and three
weeks
Between three and four
Slow
weeks

Experimental specifications

The treatments were carried out using phytopathogenic fungi and
beneficial fungi, as shown in Table 3.

Table3 . Treatments

Code Description Code Description

T1 | Bacillus subtilis F Cohn + Fusarium | PGO1 | Bacillus subtilis F Cohn + A.
oxXysporum oligospora

T2 | Bacillus subtilis F Cohn + CHO2 | Bacillus subtilis F Cohn + A.
Aspergillus sp. oligospora

T3 | Bacillus subtilis F Cohn + CHO1 | Bacillus subtilis F Cohn + A.
Colletotrichum spp. musiformis

T4 | Bacillus subtilis F Cohn + PGO2 | Bacillus subtilis F Cohn + A.
Penicillium spp. conoides

TS5 | Bacillus subtilis F Cohn + A21 | Bacillus subtilis F Cohn + B.
Neopestalotiopsis sp. bassiana

T6 | Bacillus subtilis F Cohn + Alternaria | Al3 | Bacillus subtilis F Cohn + M.
grandis anisopliae

T7 | Bacillus subtilis F Cohn + ThO1 | Bacillus subtilis F Cohn + T.
Moniliophthora roreri harzianum

T8 | Controls T8 | Controls
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Results

Dual method

In the dual method, the variable indicating the percentage of mycelial
growth inhibition in beneficial fungi shows that A. musiformis exhibits
the highest percentage of inhibition, with 49.95% vertical inhibition and
47.7% horizontal inhibition, with a growth rate of 6.45 mm/day. The
growth rate of the genus Arthrobotrys sp. is 5 mm/day (Castillo Avila
& Medina Medina, 2014) , while T. harzianum showed 0% vertical
inhibition and 15.07% horizontal inhibition, with a growth rate of 11.8
mm/day.

Meanwhile, among the phytopathogenic fungi, Moniliophthora roreri
achieved the highest percentage with 61.85% vertical inhibition and
27.43% horizontal inhibition, with vertical reductions in its growth rate
of 4.2 mm/day (Suédrez Contreras & Rangel Riafio, 2013) . Bacillus
subtilis, through its antibiosis action, is effective in inhibiting
phytopathogenic fungi (Caulier et al., 2019) , and the variety of
metabolites generated by Bacillus subtilis, such as antibiotics and
lipopeptides (Villarreal-Delgado et al., 2018) , may have antifungal
effects. The other fungi obtained percentages above 20% (vertical) and
below 15% (horizontal).

BENEFICOS FITOPATOGENOS

60 70 61,85
49,95 ;

5 T 60 55,06
g 38,2 £ s0
240 34,07 2 38,76
[ 8 40 33,48
33 26,16 3 5 28,08
s, 19,86 g3 22,48
S
E 12,85 22
£10 €10
£ 0 - 0 0
0 0
LRSS nT2 3 T4 s
Tratamiento

ECHO1 WPGO2 mA21 CHO2 WA13 mWPGO1 mThO1 mT6 W17 mT8

Tratamiento

60 30 27,44

= £ 15,44
S 30 26,63 26,23 S1s
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14,74 15,07 2 10
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2 2 529 599 619
€10 € s
o W all
0 0

ECHO1 WPGO2 mA21 CHO2 WA13 mWPGOl mThO1 mT1 ET2 3 T4 mT5 mT6 mWT7  mWT8
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Figurel . Percentage of inhibition of beneficial and phytopathogenic
fungi against B. subtilis using the dual method.

Volatile Compounds Method
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In the volatile compounds method (0 hours), the treatment with the
highest percentage of inhibition of mycelial growth in beneficial fungi
was A. conoides, with 36.6% vertical inhibition and 59.31% horizontal
inhibition, with a growth rate of 5.45 mm/day. The treatment with the
lowest inhibition was treatment A13 corresponding to M. anisopliae,
with 0% vertical inhibition and 22.3% horizontal inhibition, exhibiting
a growth rate of 5.85 mm/day; the growth rate for M. anisopliae is an
average of 10 to 20 mm/day (Padilla-Melo et al., 2000) .

Regarding phytopathogenic fungi, Moniliophthora roreri achieved the
highest percentage of inhibition in both vertical and horizontal
directions, exceeding 40%, with a reduction in growth rate of 3.33 to
3.37 mm/day, which is lower than in previous studies ( with inhibition
rates exceeding 62.5%. Followed by Neopestalotiopsis sp., which
showed an inhibition percentage of 20-35%, with a reduction in its
growth rate from 4.10 to 4.30 mm/day, due to the emission of volatile
compounds by Bacillus spp. strains, (Tahir et al., 2017) . Some of the
VOC:s that have demonstrated microbial activity include benzothiazole,
benzaldehyde, phenylacetaldehyde, and 2,3-butanediol (Pedraza et al.,
n.d.) . The other fungi obtained inhibition percentages below 25%.

BENEFICOS FITOPATOGENOS

50,41 g 43,65

latil
u o
8

32,29 S 30 24,96
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$ %0 2313 g 2035
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s .
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= 0 5 0 0

z

€0 0
T4 TS uT6 iz
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ECHO1 WPGO2 WA21 CHO2 mA13 mPGO1 WThOl all  aT2 E} uTs

70 50
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35,22

£
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£ 40 34,1 z
L
5 30 23,33 223 20 16,52
= 18,91 | =
S 20 16,52 15
2 2 10
2 2
210 2
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0 )

CHO2  mA 4 mTs w6

mCHOl mPGO2 mA21 13 mPGO1 mThol a7l mT2 3
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tamient Tratamien to

Figure 2. Percentage of inhibition of beneficial and phytopathogenic
fungi against B. subtilis using the volatile compound method at 0 hours
post-exposure.

Volatile compound method (2nd growth stage)

Using this method on beneficial fungi, B. bassiana showed the highest
inhibition, with 37.78% vertical inhibition and 40.07% horizontal
inhibition, exhibiting a growth rate of 2.35 mm/day, similar to the
growth rate of 60 mm/day for B. bassiana reported in previous studies
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( . The treatment with the lowest inhibition percentage was T.
harzianum, with 0.99% vertical inhibition and 1.97% horizontal
inhibition, exhibiting a growth rate of 1.9 mm/day.

Against the phytopathogenic fungi, Colletrotichum spp., it had the
highest inhibition percentage at 31% and a reduction in growth rate of
0.8 mm/day. However, the other treatments obtained lower values in
both vertical and horizontal directions, with inhibition percentages
below 22% and reductions in growth rate of up to 1.8 mm/day. Once
the fungus is fully developed, it is more difficult to control it using
microorganisms such as Bacillus subtilis and . It is important to note
that Aspergillus spp. showed no inhibition by any method due to its
ability to produce mycotoxins, which leads to greater resistance to
control by microorganisms (Martinez Padron et al., 2013) .

BENEFICOS FITOPATOGENOS
b 37,78 31,71
31,37

volatiles

2469 2632
18,99 17,69

25
20
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Trat
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Figure 3. Percentage of inhibition of beneficial and phytopathogenic
fungi against B. subtilis using the volatile compounds method 96 hours
after exposure.

Percentage of inhibition of fungal sporulation

Bacillus subtilis possesses antimicrobial activity capable of combating
spores from various types of microorganisms, such as bacteria and fungi
(Ruiz-Sanchez et al., 2016) . Likewise, it has been demonstrated to
possess an exceptional ability to inhibit the growth and sporulation of
various phytopathogenic fungi, both in vitro and in vivo.

Figure 4 shows the percentage of spore formation inhibition in
beneficial fungi; the highest inhibition was found for CHO2,
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corresponding to A. oligospora, with a percentage of 89.32%, and
PGO02, corresponding to A. conoides, with a percentage of 87.42%. On
the other hand, the lowest inhibition percentages were observed for M.
anisopliae, at 12.78%, and T. harzianum, at 7.34%.

BENEFICOS FITOPATOGENOS

100 7 89,32 100
8742 g,4¢ 8%
77,17

80 e
S S
2 62,19 a

t
h

mCHO1 MPGO2 mA21 HO2 WA13 ®PGO1EThO1 mControl Tl 3

Tratamiento i

Figure 4. Percentage of spore formation inhibition by beneficial and
phytopathogenic fungi.

Regarding phytopathogenic fungi, Alternaria grandis showed the
highest percentage at 86.14%, due to the difficulty of sporulation for
this fungus (Woudenberg et al., 2014) ; followed by Moniliophthora
roreri, which obtained 63.05%, consistent with results showing
sporulation inhibition values exceeding 60.85% (Vera Loor et al., 2021)

Furthermore, the production of hydrolytic enzymes degrades the
cytoplasmic membrane of filamentous fungi, thereby reducing fungal
sporulation. Similarly, research indicates that against M. roreri and
Fusarium oxysporum f. sp. Lycopersici, the presence of Bacillus
subtilis was observed to inhibit spores with an effectiveness of over
90% (Guato-Molina et al., 2019) .

In the case of phytopathogenic microorganisms, changes in
morphological characteristics occurred in most treatments with Bacillus
subtilis, with the exception of Aspergillus spp. In the other treatments,
the changes were noticeable, whether in color, growth pattern, or
similarly, in the mycelium; this is due to the production of lytic enzymes
that aid in the degradation of the main polysaccharides of the fungal cell
wall through the hydrolysis of their glycosidic bonds (Caulier et al.,
2019) . Similarly, the production of lipopeptides causes the formation
of pores and, consequently, an osmotic imbalance in the cytoplasmic
membrane (Villarreal-Delgado et al., 2018) .

Iturine and fengicin are compounds with strong biocontrol properties,
as they are capable of inhibiting the action of a wide variety of plant
pathogens (Ragazzo-Sanchez et al., 2011) . On the other hand, surfactin
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alone is not capable of inhibiting fungal growth, but it has been shown
to have a synergistic effect with the antifungal activity of iturine A.

It has been demonstrated that Trichoderma spp. is capable of
synthesizing secondary metabolites involved in the production of
volatile compounds with antimicrobial properties (Hernandez-Melchor
et al., 2019) . Among these compounds, tetracyclic diterpenes such as
harziandione, sesquiterpenes such as trichothecenes, trichodermin, and
harzianum A, and the triterpene viridine stand out.

Conclusions

Bacillus subtilis F. Cohn causes a decrease in growth in the fungi 4.
oligospora (CH02), A. musiformis (CHO1), A. conoides (PG02), and B.
bassiana (A21), with mycelial growth inhibition exceeding 50%,
affecting the growth rate. Moniliophthora roreri had the highest
inhibition percentage, with 61.85% vertical and 27.43% horizontal
inhibition in the dual method, and over 40% in volatile tests. The
Aspergillus spp. strain, 4. oligospora (PGO1), M. anisopliae (A13), and
T. harzianum (ThO1) showed the lowest inhibition percentage in all
methods used.

Alternaria grandis, Moniliophthora roreri, Penicillium spp., A.
oligospora (PGO1), A. oligospora (CHO02), A. musiformis (CHO1), 4.
conoides (PG02), and B. bassiana (A21) had the highest spore
formation inhibition percentages, exceeding 50%. In contrast, the fungi
Neopestalotiopsis sp., Aspergillus spp., M. anisopliae (A13), and T.
harzianum (ThO1) showed percentages below 25%.

Through this study, the morphological characteristics of each of the
phytopathogenic fungi were determined, concluding that Bacillus
subtilis F. Cohn causes changes in both macroscopic and microscopic
characteristics due to the wide range of substances and compounds it is
capable of producing.

References

Albuquerque, Elizabeth Albuquerque, E. (2009). Entomopathogenic
Fungi: An Important Tool for the Control of “Whiteflies”
(Homoptera: Aleyrodidae). Anais da Academia Pernambucana de
Ciéncia Agronomica, 5 (6), 209-242.

_\ INSTITUTO TECNOLOGICO CORPORATIVO
entrosur /(
Q )) EDWARDS DEMING

e-1$SN:2706-6800




https://www.journals.ufrpe.br/index.php/apca/article/view/180

Baquero, 1., Tobar, M., Campos, S., Guerrero, A., Sanchez, J., &
Landinez, L. (2007). Technology Watch Report. Bioinsumos.
https://www.scribd.com/document/433951015/bioinsumos

Castillo Avila, M. L., & Medina Medina, J. V. (2014). Biological
control of the tomato root-knot nematode Meloidogyne incognita
(Kofoit and White, 1919) Chitwood, 1949 using isolates of native
nematophagous fungi [Loja: National University of Loja].
http://dspace.unl.edu.ec/handle/123456789/12075

Caulier, S., Nannan, C., Gillis, A., Licciardi, F., Bragard, C., &
Mabhillon, J. (2019). Overview of the Antimicrobial Compounds
Produced by Members of the Bacillus subtilis Group. Front.
Microbiol., 10 (302). https://doi.org/10.3389/fmicb.2019.00302

Cobo, C. F. (2017). Evaluation of liquid media for the multiplication of
the bacterium Bacillus subtilis [San Francisco de Quito University
USFQ].
https://repositorio.usfq.edu.ec/bitstream/23000/6598/1/131031.pd
f

Corrales Ramirez, L. C., Sanchez Leal, L. C., Cuervo Andrade, J. L.,
Joya, J. A., & Marquez, K. (2012). Biocontrol effect of Bacillus
spp. against Fusarium sp. under greenhouse conditions in thyme
(Thymus vulgaris  L.)  Nova, 10 (17), 64-82.
https://doi.org/10.22490/24629448.518

FAO, IFAD, PAHO, WFP, U. (2020). Overview of food and nutrition
security in the most disadvantaged regions.
https://doi.org/10.4060/cb2242es

Garcia Garcia, M. A., Cappello Garcia, S., Lesher Gordillo, J. M., &
Molina Martinez, R. F. (2011). Isolation and morphological
Beauveria bassiana and Metarhizium anisopliae. Horizonte
Sanitario, 10 (2), 21-28.
https://www.redalyc.org/articulo.oa?id=457845138002

Guato-Molina, J. J., Auhing-Arcos, J. A., Crespo-AVila, J. A,
Esmeraldas-Garcia, G. A., Mendoza-Leon, A. F., & Canchignia-
Martinez, H. F. (2019). Plant growth-promoting bacteria with
potential as biocontrol agents of Fusarium oxysporum f. sp.
Lycopersici  and  Moniliophthora  roreri. ~ SCIENTIA
AGROPECUARIA. Scientia Agropecuaria, 10 (3), 393-402.
https://doi.org/10.17268/sci.agropecu.2019.03.10

Hernandez-Melchor, D. J., Ferrera-Cerrato, R., & Alarcon, A. (2019).
Trichoderma: Agricultural and biotechnological importance and
fermentation systems for producing biomass and enzymes of
industrial interest. Chilean J. Agric. Anim. Sci., formerly Agro-

April-June, Vol. 1, No. 29, 2026

73



Evaluation of the Antagonistic Activity of Bacillus subtilis Against Pathogenic and Beneficial
Agricultural Fungi

Ciencia, 35 (1), 98-112.
https://www.scielo.cl/pdf/chjaasc/v35n1/0719-3890-chjaasc-
00205.pdf

Hernandez Romero, G. (2018). Morphological, molecular, and
biochemical characterization of fungi and bacteria associated
with Pinuela (Bromelia karatas L.) in the municipalities of El
Patia and Mercaderes, Cauca [NATIONAL UNIVERSITY OF

COLOMBIA, PALMIRA CAMPUS].
https://repositorio.unal.edu.co/items/0f3f15cd-9a12-45a8-9b35-
8c2edd4£1o1f0

Juarez-Becerra, G. P., Sosa-Morales, M. E., & Lopez-Malo, A. (2010).
Plant pathogenic fungi of high economic importance: description
and control methods. Journal of Selected Topics in Food
Engineering, 4 (2), 14-23. https://issuu.com/webudlap/docs/tsia-
vol4no2-juarez_becerra et al 1

Leén, D., Coconubo, L., & Castellanos, L. (2020). Fungicidal activity
of volatile organic compounds from Paenibacillus bacteria against
Colletotrichum gloeosporioides. Rev. Colomb. Quim., 49 (1), 20-
25. https://doi.org/10.15446/rev.colomb.quim.v1n49.81996

Martinez Padron, H. Y., Hernandez Delgado, S., Reyes Méndez, C. A.,
& Vazquez Carrillo, G. (2013). The Genus Aspergillus and Its
Mycotoxins in Maize in Mexico: Problems and Perspectives.
Revista mexicana de fitopatologia, 31 (2), 126-146.
https://www.academia.edu/34351979/El_Género Aspergillus y
sus_Micotoxinas_en Maiz_en México Problematica y Perspec
tivas

Orbera, T., Serrat, M., & Ortega, E. (2014). Potential applications of
Bacillus subtilis strain SR/B-16 for the control of phytopathogenic
fungi in economically relevant crops. Applied Biotechnology, 31
(1), 13-17. https://doi.org/10.1094/PHI-A-2006-1117-02

Padilla-Melo, G. N., Martha, Bernal-Uribe, G., Eugenia Vélez-Arango,
P., & Montoya-Restrepo, E. C. (2000). Pathogenic and
morphological characterization of Metarhizium anisopliae
obtained from different orders of insects. Cenicafeé, 51(1), 28-40.

Pantone® USA | Pantone Color Systems - Introduction. (n.d.).
Retrieved March 4, 2026, from https://www.pantone.com/color-
systems/pantone-color-systems-explained

Pedraza, L. A., Ernesto Lopez, C., Uribe-Vélez, D., De Revision, A., &
Article, R. (n.d.). Mechanisms of action of Bacillus spp.
(Bacillaceae) against phytopathogenic microorganisms during

e-1$SN:2706-6800

_\ INSTITUTO TECNOLOGICO CORPORATIVO
entrosur /(
Q )) EDWARDS DEMING



their interaction with plants. Acta biol. Colomb, 25

Ragazzo-Sénchez, J. A., Robles-Cabrera, A., Lomeli-Gonzélez, L.,
Luna-Solano, G., & Calderén-Santoyo, M. (2011). Selection of
antibiotic-producing  Bacillus  Revista  Chapingo  Serie
Horticultura, 17 (1), 5-11.
https://www.scielo.org.mx/pdf/rcsh/v17nspel/v17nspela2.pdf

Rodrigues, T. T. M. S., Berbee, M. L., Simmons, E. G., Cardoso, C. R.,
Reis, A., Maffia, L. A., & Mizubuti, E. S. G. (2010). First report
of Alternaria tomatophila and A. grandis causing early blight on
tomato and potato in Brazil. New Disease Reports, 28 , 22.
https://doi.org/10.5197/;.2044-0588.2010.022.028

Ruiz-Sanchez, E., Mejia-Bautista, M. A., Serrato-Diaz, A., Reyes-
Ramirez, A., Estrada-Girdn, Y., & Valencia-Botin, A. J. (2016).
Antifungal activity and molecular identification of native strains
of Bacillus subtilis. Agrociencia, 50(2), 133-148.

Sudrez Contreras, L. Y., & Rangel Riafio, A. L. (2013).
IsolationMoniliophthora roreri. ACTA AGRONOMICA, 62 (4),
370-378.
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S012
0-28122013000400011

Tahir, H. A. S., Gu, Q., Wu, H., Niu, Y., Huo, R., & Gao, X. (2017).
Bacillus  volatiles adversely affect the physiology and
ultrastructure of Ralstonia solanacearum and induce systemic
resistance in tobacco against bacterial wilt. Scientific Reports 2017
7:1,7(1),40481-. https://doi.org/10.1038/srep40481

Tejera, B., Heydrich, M., & Rojas, M. M. (2012). Antagonism of
Bacillus spp. against phytopathogenic fungi of rice (Oryza sativa
L.). SciELO, 27 (2), 2.
https://www.researchgate.net/publication/263965977

Velasquez Gurrola, A. (2005). Antifungal activity of extracts containing
secondary metabolites from Moringa oleifera Lam. seeds for the
in vitro control of Rhizopus stolonifer (Ehrenb.:Fr.) Vuill. [Center
for Research on Food and Development, A.C.].
https://ciad.repositorioinstitucional.mx/jspui/bitstream/1006/825/
1/Velazquez-Gurrola A MC_2005.pdf

Vera Loor, M. A., Bernal Cabrera, A., Vera Coello, D., Leiva Mora,
M., Rivero Aragén, A., & Morales Diaz de Villegas, L. (2021).
Antifungal activity of volatile compounds produced by endophytic
Bacillusagainst ~ Moniliophthora  roreri. , 36  (1).
https://www.academia.edu/95701802/Actividad antifingica de
compuestos_volatiles producidos_por especies_endofitas de B
acillus_sobre Moniliophthora roreri H C Evans et al

April-June, Vol. 1, No. 29, 2026

75



76

Evaluation of the Antagonistic Activity of Bacillus subtilis Against Pathogenic and Beneficial
Agricultural Fungi

Villarreal-Delgado, M. F., Villa-Rodriguez, E. D., Cira-Chavez, L. A.,
Estrada-Alvarado, M. 1., Parra-Cota, F. 1., & De los Santos-
Villalobos, S. (2018). The genus Bacillus as a biological control
agent and its implications for agricultural biosecurity. Revista
Mexicana de Fitopatologia, Mexican Journal of Phytopathology,
36 (1). https://doi.org/10.18781/r.mex.fit.1706-5

Villarreal, F., Villa, E., Cira, L., & Estrada, M. (2017). The genus
Bacillus as a biological control agent and its implications for
agricultural biosecurity.

Woudenberg, J. H. C., Truter, M., Groenewald, J. Z., & Crous, P. W.
(2014). Large-spored Alternaria pathogens in section Porri
disentangled.  Studies in  Mycology, 79 (1), 1-47.
https://doi.org/10.1016/j.simyc0.2014.07.003

_\ INSTITUTO TECNOLOGICO CORPORATIVO
entrosur | /6
@ EDWARDS DEMING

e-1$SN:2706-6800




