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Abstract 

The angular leaf spot caused by the fungus Pseudocercospora griseola (Sacc.) is one of the main diseases in bean 
plants. Considering the losses caused by this disease, rhizobacteria may be an alternative for the management of 
this phytopathogen. Thus, this study evaluates the potential of different strains of rhizobacteria in the inhibition of 
the fungus P. griseola (Sacc.). The antagonistic effect of twenty bacterial strains on this phytopathogen was studied 
using the circle technique. The completely randomized experimental design was used with five repetitions. 
Evaluation was performed on the tenth day, when colony diameter was measured and the percentage of growth 
inhibition (PGI) of the pathogen was calculated. Twelve strains inhibited the mycelial growth of P. griseola (Sacc.), 
with PGI values above 40% compared to the control. The strain UNIFENAS 03-36 stood out with inhibition 
percentage of 85.10%. 
 
Additional keywords: alternative control; angular leaf spot; Phaseolus vulgaris L. 
 
Resumo 

A mancha angular causada pelo fungo Pseudocercospora griseola (Sacc.) é uma das principais doenças que 
ocorrem no feijoeiro. Considerando as perdas causadas por essa doença as rizobactérias podem ser uma possível 
alternativa para o manejo desse fitopatógeno. Com base nisso, o objetivo deste estudo foi avaliar o potencial de 
diferentes estirpes de rizobactérias na inibição do fungo P. griseola (Sacc.). Foram estudadas o efeito antagonista 
de 20 estirpes bacterianas nesse fitopatógeno, utilizando a técnica de círculo. O delineamento experimental 
utilizado foi inteiramente casualizado com cinco repetições. A avaliação foi efetuada no décimo dia, onde foram 
medidos o diâmetro da colônia e calculado a percentagem de inibição de crescimento (PIC) do patógeno. Doze 
estirpes foram eficazes na inibição do crescimento micelial do P. griseola (Sacc.) com valores de PIC acima de 
40%, em relação ao controle. A estirpe UNIFENAS 03-36 destacou-se com um percentual de inibição de 85,10%. 
 
Palavras-chave adicionais: controle alternativo; mancha angular; Phaseolus vulgaris L. 
 
Introduction 

 

Common beans (Phaseolus vulgaris L.) are 
prominent in Brazilian agriculture, being considered a 
staple food as an accessible source of proteins, fibers, 
carbohydrates, and minerals (CONAB, 2016). Accord-
ing to the Brazilian Institute of Geography and Statistics 
(IBGE), the bean crop for 2020 is estimated at 2.9 million 
tons. 

However, bean production can be affected by 
several factors, including diseases such as anthrac-
nose, white mold, angular spot, rust, and fusarium wilt. 
Of these, the angular leaf spot, whose etiologic agent is 
the fungus Pseudocercospora griseola (Sacc.)  high-
lights for being considered one of the most important 
diseases, and found in almost all regions where com-

mon beans are grown (Wendland et al., 2016), causing 
losses of up to 70% (Fancelli & Dourado Neto, 2007). 

Chemical management is the main practice for 
controlling this pathogen, which is still a fundamental 
mechanism as the disease causes significant losses in 
production. However, intensive use of chemicals con-
taminates soil and water, increasing damage to the 
environment (Spadotto et al., 2010). Thus, there is an 
increasing trend towards the search for biological 
agents that are practically non-toxic, with reduced costs 
of obtaining and use, and that have specificity between 
biological and etiological agents of control.  

A possible alternative for the management of 
angular leaf spot is the use of soil bacteria named 
rhizobacteria, which have the ability to develop inside 
the roots of some plants. These microorganisms can 
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provide plants with better development and inhibition of 
pests or pathogens caused by phytopathogenic fungi 
through direct antagonism or induction of resistance 
(Latha et al., 2011; Wu et al., 2014; Vejan et al., 2016). 
Thus, the use of rhizobacteria reduces the risk of envi-
ronmental damage and has promising results (Furlani et 
al., 2007).   

Therefore, this study evaluates the potential of 

different strains of rhizobacteria in the inhibition of the 

fungus P. griseola (Sacc.). 

Material and methods 
 

The tests were performed at the Soil Microbi-
ology Laboratory (LMS) of José do Rosário Vellano 
University - UNIFENAS, Alfenas campus.  

Twenty bacterial strains from the LMS collec-
tion were used, whose morphological characteristics are 
shown in table 1.  

 
Table 1 - Morphological characteristics of bacterial strains cultured in YMA culture medium using the blue bro-
mothymol indicator.  

Bacterial strains pH 
Production of 

exopolysaccharides 
Color 

 Strains of Phaseolus vulgaris 

UNIFENAS 02–10 Ácid High Cream 
UNIFENAS 02-11 Ácid High Yellow 
UNIFENAS 02-12 Ácid High Yellow 

 Strains of Gliricidia sepium 

UNIFENAS 03–10 Ácid Low Yellow 
UNIFENAS 03–12 Ácid/ Alkaline Low Yellow 
UNIFENAS 03-13 Neutral Medium Cream 
UNIFENAS 03–14 Alkaline Low Cream 
UNIFENAS 03–16 Ácid Low Yellow 
UNIFENAS 03–23 Alkaline Low Cream 
UNIFENAS 03–24 Alkaline Low Cream 
UNIFENAS 03–25 Alkaline Low White 
UNIFENAS 03–27 Neutral Medium Cream 
UNIFENAS 03–29 Neutral Medium Cream 
UNIFENAS 03–30 Neutral Medium Cream 
UNIFENAS 03–31 Ácid Medium Cream 
UNIFENAS 03–33 Ácid/ Alkaline Medium Yellow 
UNIFENAS 03-34 Ácid Medium Yellow 
UNIFENAS 03–35 Ácid Medium Yellow 
UNIFENAS 03–36 Neutral Low Yellow 
UNIFENAS 03-38 Ácid Low Yellow 

 
The fungus P. griseola (Sacc.) was isolated 

from the pod of a bean plant with lesions typical of 
angular leaf spot, a disease caused by this fungus. 
Lesions in the pods are dark brown with dark edges, 
rounded and superficial (Amorim et al., 2018). Isolation 
was performed indirectly with surface disinfestation in 
70% alcohol, 2% sodium hypochlorite solution, and 
sterile water (Alfenas et al., 2016). The suspension 
obtained was applied to Petri dishes containing V8 
medium (12 g of agar, 3 g of CaCO3, 100 mL of V8 
tomato juice, and 900 mL of water) (Miller, 1955). Then, 
dishes were incubated at 26 ± 0.5 ºC for ten days in a 
BOD incubator under 12-hour photoperiod until spore 
formation. After this period, the isolated fungus was 
analyzed for its morphological characteristics (Barnett, 
1972).  

The bacterial strains used were cultured in 
YMA (yeast mannitol agar) culture medium (Vincent, 
1970) for three days, enough time for emergence of 
isolated colonies. The fungus was grown in V8 medium 
(Miller, 1955) at temperature of 26 ± 0.5 ºC until the dish 
was completely filled.  

The method used was the circle technique, 

transferring a plate with fungus mycelium to the center 

of Petri dishes containing V8 culture medium. The 

bacteria were inoculated with the aid of a platinum loop, 

on the same dish, forming a circle around the dish 

containing the phytopathogen. For the control 

treatment, only the phytopathogen grown in V8 medium 

was used (Mariano, 1993). 

Subsequently, dishes were incubated in a BOD 

under a 12-hour photoperiod at a temperature of            

26 ± 0.5 °C. The evaluation was performed on the tenth 

day, when the diameter of fungal colonies was 

measured in two diametrically opposed directions, with 

the aid of a caliper, defining means for each colony. 

Means were used to calculate the percentage 

of mycelial growth inhibition (PGI), according to the 

formula of Menten et al. (1976), where:  

PIC = 
(Control growth-treatment growth)100

Control growth
 (1) 
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The experiment was performed in a completely 
randomized design with twenty-one treatments and five 
repetitions of each treatment, with each Petri dish as an 
experimental unit. All data were evaluated for frequency 
distribution and homogeneity of variances using 
histograms and formal statistical tests, being submitted 
to analysis of variance by the statistical program R (R 
Core Team, 2018). Means were compared by Scott-        
-Knott test at 5% probability. 

Results and discussion 

 
Under the conditions studied, some strains 

showed inhibitory effect on the mycelial growth of the 
fungus when subjected to the laboratory experiment 
using the circle technique. There was inhibition of my-
celial growth when compared to the control (Table 2; 
p<0.05). 

 
Table 2 – Inhibition of mycelial growth of Pseudocercospora griseola (Sacc.) by rhizobacteria.    

Strains Colony diameter (cm) Inhibition of mycelial growth (%) 

UNIFENAS 03-36 1.34 a 85.10 

UNIFENAS 03-35 1.98 b 80.21 

UNIFENAS 03-10 2.24 c 75.10 

UNIFENAS 03-31 2.36 c 73.77 

UNIFENAS 03-16 2.52 c 71.99 

UNIFENAS 03-13 2.56 c 71.54 

UNIFENAS 02-11 3.02 d 66.44 

UNIFENAS 03-12 4.24 e 52.88 

UNIFENAS 03-23 4.38 f 51.33 

UNIFENAS 03-25 5.00 f 44.44 

UNIFENAS 03-27 5.00 f 44.44 

UNIFENAS 03-24 5.00 f 44.44 

UNIFENAS 02-10 9.00 g 0.00 

UNIFENAS 02-12 9.00 g 0.00 

UNIFENAS 03-29 9.00 g 0.00 

UNIFENAS 03-30 9.00 g 0.00 

UNIFENAS 03-33 9.00 g 0.00 

UNIFENAS 03-34 9.00 g 0.00 

UNIFENAS 03-38 9.00 g 0.00 

UNIFENAS 03-14 9.00 g 0.00 

CONTROLE 9.00 g 0.00 

* Averages followed by the same letter in the column do not differ by the Scott-Knott test (p > 0.05). CV = 6.44%.  
 

Of the twenty strains tested, twelve inhibited the 

mycelial growth of the phytopathogenic fungus                 

P. griseola (Sacc.). However, different values were 

found regarding the percentage of inhibition (Table 2).  

The strain UNIFENAS 03-36 stood out for 

inhibiting the mycelial growth of P. griseola (Sacc.), with 

the smallest colony diameter and PGI of 85.10%, 

followed by strains UNIFENAS 03-35, 03-10, 03-31,   

03-16, 03-13, 03-12, 03-23, 03-25, 03-27, and 03-24, 

with PGI ranging from 80.21 % to 44.44%. According to 

Lanna et al. (2010), studies infer that percentages of 

mycelial growth inhibition with values of 40% or more 

indicate potential as a biological control agent, corrobo-

rating the results of this study.  

Lima et al. (2014) obtained similar results when 

studying the in vitro antifungal action of isolates of 

rhizobacteria of the genus Bacillus ssp. on Fusarium 

oxysporum f. sp. lycopersici, who also observed poten-

tial for mycelial growth inhibition by circle technique. 

Ishida et al. (2008) found that rhizobacteria reduced the 

severity of the angular leaf spot of cotton when used in 

seed treatment. Several authors verified antagonistic 

potential of rhizobacteria with good results in inhibiting 

the growth of phytopathogenic fungi (Kupper et al., 

2003; Furlani et al., 2007; Singh et al. 2011; Konusny-   

-Andreani et al., 2014; Vafadar et al., 2014).  

It is essential to perform in vitro and field testing 

to confirm the antagonistic potential of these micro-

organisms, as differences in inhibition can be observed 

in the field (Yan et al., 2011; Sharma et al., 2013). 

 

Conclusion 

 

The rhizobacteria evaluated in this study were 

effective in inhibiting the mycelial growth of 

Pseudocercospora griseola (Sacc.) by circle method.   
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