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ABSTRACT

Objective/Background. The purpose of this research was to evaluate the in vitro 
plant growth-promoting activity of endophytic bacteria isolated in tissue from 
Atlantic variety potato plants from the municipality of Guasave, Sinaloa, Mexico. 

Materials and Methods. The bacterial population was isolated in Lb agar culture 
medium; two bacterial isolates were obtained from the root and two from the stem, 
all four Gram positive. The bacterial population of the tissue samples was expressed 
as (CFU/g-1). The phosphate solubilization capacity, production of chitinases and 
siderophores were qualitatively evaluated.

Results. Partial sequencing of the 16S rDNA gene was performed, allowing the 
identification of associated bacterial species within the Firmicutes. 100% of the 
strains were identified as Bacillus sp. with identities greater than 97%: B. cereus, B. 
tropicus, B. thuringiensis, B. fungorum. The B. thuringiensis and B. cereus strains 
showed positive activity in promoting plant growth in vitro through phosphate 
solubilization, production of chitinases and siderophores. B. cereus and B. tropicus 
presented inhibitory capacity greater than 50% for Sclerothium rolfsii. 

Conclusion. It is relevant to continue research carried out in the laboratory, in order 
to determine its potential in the field, improving the production of potato crops.

Keywords: Bacillus cereus, antagonism, siderophores, chitinases phytopathogenic 
fungi, PGPB.
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Introduction

The potato (Solanum tuberosum) is the fourth most widely planted food crop 
worldwide. In Mexico it ranks fourth in terms of planted surface, surpassed only 
by the basic grains of maize (Zea mays), beans (Phaseolus vulgaris) and wheat 
(Triticum aestivum) (SADER, 2022). The Mexican potato is highly valued in many 
countries, due to its nutritional properties and external characteristics. Aside from 
supplying the internal market, Mexican farmers export over 2,500 tons (SADER, 
2022). However, chemical pesticides (insecticides, fungicides, herbicides) are the 
predominant way to control pests, with a negative impact on the biodiversity of 
the agro-ecosystems (Chamorro-Anaya et al., 2020). Research is currently focused 
on understanding the diseases where eliminating the pathogen is not the goal, but 
rather, despite its presence, to achieve good yields for the farmer (Rocha et al., 
2019). This has increased the development of ecological alternatives such as plant 
microbiota, composed of a large diversity of bacteria associated with the plants 
inside the leaf tissue, root, stem and seed without causing any damage; these 
bacteria are known as endophytic (Hallman et al., 1997; Strobel and Daisy 2003; 
Huang et al., 2008; Santoyo et al., 2016). There is currently a great interest in 
knowing the beneficial activities, highlighting that the diversity and density of 
endophytes depends on diverse abiotic and biotic factors (Pérez-Cordero et al., 
2010; Chamorro-Anaya et al., 2020). The endophytic bacteria-plant interaction is 
related to the promotion of the plant growth and the biocontrol of phytopathogens, 
which are important characteristics for agro-biotechnological use (Zgadzaj et al., 
2015; Contreras et al., 2016; Chamorro-Anaya et al., 2020). Among the most 
abundant genera reported as endophytes are Bacillus, Pseudomonas, Burkholderia, 
Stenotrophomonas, Micrococcus, Pantoea and Microbacterium (Hallman et al., 
1997; Rosenblueth and Martínez-Romero, 2006). The north of the state of Sinaloa 
ranks first nationwide regarding the surface planted with potato, where the main 
problem is the presence of pests and diseases related to the weather conditions, as 
well as the abuse of pesticides, which leads to resistance by pests (SADER, 2022). 
Given that the diverse international regulations to import/export products without 
agrochemicals, it is necessary to implement strategies that promote plant growth 
and fight pests in crops. Nevertheless, only a few studies that have reported the 
diversity of endophytic bacteria in the potato plant. As a consequence, the aim of 
this investigation was to identify and characterize potential plant growth promoting 
endophytic bacteria and antagonistic activity for phytopathogenic fungi, thus 
optimizing the production of this tuber. 

Thirty whole potato plants of the Atlantic variety were gathered during the 
2022-2023 cycle in a plot of the village of El Gallo located in Guasave, Sinaloa, 
Mexico, Longitude (dec): 108 Lattitude (dec): 25. The plants were chosen at 
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random and transported to the laboratory for their analysis, separating foliar tissue, 
root and stem, and washed in running water for 5 min, carefully removing any 
impurities stuck to them. Later, the plant tissue was disinfested in ethanol at 70% 
for one minute, washed six times in a 1% sodium hypochlorite solution for 10 min 
and Tween-80 at 10% (v/v) was added for 1 min; finally, it was washed six times 
with sterile distilled water. Bacteria were isolated in an Lb agar culture medium in 
triplicate, using the direct contact technique, with modifications, cutting the tissue 
transversally and longitudinally under aseptic conditions, with the cut facing the 
culture medium. As a sterilization control, 100 µL of distilled water were taken 
from the last wash and planted under the same tissue conditions. Subsequently, it 
was incubated at 27 °C for eight days (Yang et al., 2011). Strains were purified by 
separating cultures with a different morphology and/or color until cultures were 
obtained that had similar morphological characteristics. The bacterial population 
density per tissue was determined by counting directly, expressed as culture 
forming units (CFU g-1). The identification of possible plant growth promoting 
bacteria for each of the isolations was carried out in triplicate; qualitatively, the 
capability of production of siderophores was evaluated in a chrome azurol S (CAS) 
agar culture medium, where the colonies with yellow/orange zones were considered 
siderophore-producing strains starting at 20 minutes and for up to 24 h, according to 
the methodology described by Schwyn and Neilands (1987). Chitinase production 
was evaluated using the protocol by Shanmugaiah et al. (2008); colonies with a 
clear halo were considered positive. On Pikosvkaya agar plates, the phosphate 
solubilization capabitily was evaluated, considering those that formed clear halos 
around the colony as positive (Pikosvkaya, 1948). The strain (B25) Bacillus cereus 
was used as a positive control (Figueroa-López et al., 2016).

The in vitro antagonistic capability was determined by facing endophytic 
bacteria isolated from potato plants with phytopathogenic fungi: Phytophthora 
capsici, Fusarium oxysporum, Sclerotium rolfsii and Colletotrichum coccodes, 
isolated from tomato plants (Solanum lycopersicum), and jalapeño chili plants 
(Capsicum annuum), reported as the causes of the rotting of roots in tomato plants 
by Fernández-Herrera et al. (2006). The phytopathogenic fungi were donated by the 
Food and Development Research Center (Centro de Investigación en Alimentación 
y Desarrollo - CIAD) in Culiacán, Sinaloa. The trial was carried out using the 
dual cultivation technique in PDA, with three repetitions for every evaluation 
and the isolations of phytopathogenic fungi in pure culture as a control. The 
inoculated Petri dishes were incubated at 28 °C for 10 days in a growth chamber 
(Precision Scientific, Model 6LM, Winchester, U.S.A.); the radial growth of the 
fungal cultures was measured every 24 h in pathogens and antagonists. The halo of 
inhibition among cultures in confrontation was measured on day 8 post-incubation 
(Aquino-Martínez et al., 2008). The antagonism was evaluated by recording the 
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following variables: radial growth of the antagonist (RGA), radial growth of the 
pathogen (RGP) and the percentage of inhibition of the radial growth (PIRG). The 
PIRG was determined on day 6 post-incubation using the formula by Ezziyyani et 
al. (2004): PRGI= [(R1- R2)/R1] × 100, where R1= radial growth of the control 
colony (pathogen) and R2= radial growth of the colony of the pathogen in the in 
vitro confrontation. 

Molecular identification was carried out with oligonucleotides F2C (5’-AGAG
TTTGATCATGGCTC-3’) and C (5’-ACGGGCGGTGTGTAC-3’) (Shi et al., 
1997), amplifying the gene that codifies subunit 16S of the rDNA. The purification 
of the PCR product was carried out using the Wizard® _SV Gel kit and the 
PCR Clean-Up System. It was then sent to the National Genomics Laboratory 
for Biodiversity (Laboratorio Nacional de Genómica para la Biodiversidad - 
LANGEBIO) in CINVESTAV-IPN to be sequenced. The sequences obtained 
were compares with those deposited in the National Center for Biotechnology 
Information (NCBI) GenBank using the program BLASTn (http://www.ncbi.nlm.
nih.gov/BLAST/). The bases were aligned in the program Clustal W; phylogenetic 
inferences were obtained using the Neighbor Joining method, based on the model 
kimura-2-paremeter with a bootstrap test in the program MEGA X.

Four morphologically different strains were obtained from the potato plant 
tissue (two siolated from the root and two from the stem), all of which were Gram 
positive and according to the partial sequencing of gene 16S rDNA, it helped 
identify species associated within the Firmicutes. All four strains were identified 
as Bacillus sp. with identities of over 97%: B. cereus, B. tropicus, B. thuringiensis 
and B. fungorum (Figure 1). The results coincide with studies on diversity 
in endophytic communities in maize roots, where the associated bacteria are 
Firmicutes (Bacillus), Gammaproteobacteria (Pseudomonas) and Burkholderia 
spp. (Pereira et al., 2011; Ikeda et al., 2013; Sánchez-Bautista et al., 2018). The 
ability of B. cereus PR2 and B. thuringiensis PR1 to promote plant growth in vitro 
coincides with reports by Barboza-García et al. (2023), evaluating the in vitro 
plant growth promoting activity of endophytic bacteria isolated from different 
tissues of rice varieties, finding strains of the genera B. cereus and B. thuringiensis, 
which displayed the ability to promote growth in rice crops by the solubilization 
of phosphate and the production of siderophores, coinciding with results of this 
investigation (Table 1). Bacillus is of great interest in the scope of investigation, 
due to its great physiological diversity; members of this genus have been isolated 
from wild species of commercial interest, such as potato, wheat (Triticum spp.), 
rice (Oryza sativa) and sugarcane (Saccharum officinarum) (Wang et al., 2019; 
Hassan, 2017). The growth promoting activity is mainly related to the increase in the 
mobilization of phosphate, with a positive effect on the promotion of plant growth, 
antagonistic activity, the production of enzymes and siderophores, that allow these 
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microorganisms to exert their biocontrolling and inhibiting abilities, among others 
otras (Kloepper et al., 2004; Tejera-Hernández et al., 2011; Chamorro-Anaya et 
al., 2020; Barboza-García et al., 2023). On the other hand, B. thuringiensis has 
been reported as endophytic bacteria with the capability of solubilizing phosphate 
and producing siderophores, along with diverse metabolites such as antibiotics 

Figure 1.	Neighbor-Joining Dendogram from the sequences of the gene that codifies the 16S subunit of the rDNA of 
endophytic bacteria.

Table 1.	 Related characteristics in promoting plant growth in vitro of bacteria isolated from tissue 
(root, stem) in potato plants collected in plots of Ejido El Gallo, Municipality of Guasave, 
Sinaloa, Mexico.

Isolated Origin Chitinase Siderophores Phosphates

B. cereus z(B25) Corn + + +
B. cereus (PR2) Root ++ ++ +++
B. thuringiensis (PR1) Root ++ ++ -
B. tropicus (PT1) Stem + - -
B. fungorum (PT2) Stem - - +

Negative activity (-); +˂ 3mm; ++˃3˂4mm; +++ ˃4mm. The letter P stands for potato, R for root 
and T for stem. zPositive control.

PR2

Bacillus cereus strain IAM 12605 16S ribosomal RNA partial

Bacillus thuringiensis strain Bt11 16S ribosomal RNA gene

PT1

PR1

Bacillus cereus strain AFS084625 16S ribosomal RNA gene

Bacillus tropicus strain MCCC 1A01406 16S ribosomal RNA partial

Bacillus tropicus strain 3 1492R G02.ab1 16S ribosomal RNA gene

KJ733988.1 Paenibacillus sp. KT19 16S ribosomal RNA gene partial sequence

KJ396825.1 Stenotrophomonas maltophilia strain IR48 16S ribosomal RNA 
gene partial sequence
KT316393.1 Pseudomonas sp. A10(2015) 16S ribosomal RNA gene partial sequence
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and extracellular enzymes such as proteases and chitinases, key compounds for 
the suppression of pathogens, coinciding with the results of this work. In addition, 
several B. thuringiensis strains have reported to be efficient as a biological control 
against Sclerotinia sclerotiorum, insects and nematodes that cause severe problems 
in crops of economic interest (Martínez et al., 2020; Crickmore et al., 2020; Wang 
et al., 2020; Barboza-García et al., 2023).

In this study, the antagonistic effect of the isolations (Table 2) revealed that B. 
cereus PR2 displayed an inhibiting capability of over 50% for P. capsici and S. 
rolfsii; and B. tropicus PT1, 83.8% against S. rolfsii, according to reports by Govin-
Sanjudo et al. (2019), where they evaluated the antagonistic activity of endophytic 
Bacillus strains from Leucocroton havanensis, the nickel-hyperaccumulating plant, 
against the fungi Alternaria alternata and three species of the genus Fusarium, where 

Table 2.	 Antagonistic activity against phytopathogenic fungi represented in percentage; of 
bacteria isolated from tissue (root, stem) in potato plant collected in plots of Ejido 
El Gallo, Municipality of Guasave, Sinaloa, Mexico.

Isolated C. coccodes P. capsici F. oxysporum S. rolfsii

B. cereus (PR2) 35.03 67.51 6.61 55.29
B. thuringiensis (PR1) 8.12 45.01 20.96 19.22
B. tropicus (PT1) 10.33 13.81 11.85 83.87
B. fungorum (PT2) 5.42 6.04 4.32 21.69
 
The letter P stands for potato, R for root and T for stem.

the strain Bacillus sp. ER11 displayed the highest percentage of inhibition against 
fungi, with values of over 70% in all cases. There are few studies on endophytic 
bacteria, diversity, control of phytopathogens using antagonistic microorganisms 
and their relation with productivity in the potato crop. This study shows that isolated 
endophytic bacteria inhibit the growth of phytopathogenic fungi, making them an 
option in the comprehensive management of this crop. Therefore, it is important 
to continue with the investigations carried out in the laboratory to determine their 
potential on the field. 
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