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Abstract: The objective of this study was 
to evaluate the potential of the arbuscular 
mycorrhizal fungus (AMF) isolate ISOE 
032 in suppressing phytopathogenic fungi 
of high relevance to soybean (Glycine max 
L.) cultivation. The study was conducted at 
the Plant Pathology Laboratory of the State 
University of Goiás, where the bottom-to-
-bottom plate method was used to evaluate 
the effect of volatile compounds emitted 
by isolate ISOE 032 on the mycelial grow-
th and sporulation of different pathogenic 
isolates, namely: Macrophomina sp., Rhi-
zoctonia solani, Phomopsis sp., Sclerotinia 
sp., Colletotrichum dematium var. truncata, 
Cercospora kikuchii, and C. sojina. FMA 
ISOE 032 showed significant performan-
ce in controlling phytopathogens, promo-
ting high rates of mycelial inhibition, with 
Macrophomina sp. standing out with 81%, 
followed by C. kikuchii (77.5%) and C. 
sojina (77.25%). In addition, a significant 
reduction in the sporulation capacity of the 
pathogens was observed, demonstrating 
that the compounds released by the isolate 
not only affect vegetative growth but also 
interfere with the reproduction of the tested 
fungi. The results highlight the potential of 
volatile metabolites produced by FMAs as 
antifungal agents, with effects comparable 
to those of synthetic fungicides, but wi-
thout the environmental impacts associa-
ted with the continuous use of chemical 
pesticides. Thus, FMA ISOE 032 has bio-
technological potential for integration into 
sustainable management strategies.

Keywords: bioinputs; Glycine max; Macro-
phomina sp.; sustainable management; se-
condary metabolites.

INTRODUCTION

Soybean (Glycine max L.), belonging 
to the Fabaceae family, is a plant native 
to China and has established itself as one 
of the most important crops in the global 
agricultural scenario. According to Embra-
pa (2021), from an economic perspective, 
soybeans played a central role in the develo-
pment of Brazilian commercial agriculture, 
driving mechanization, modernizing trans-
portation systems, expanding agricultural 
frontiers, professionalizing international 
trade, enriching the diet, and strengthening 
agribusiness, especially in the pork and 
poultry chains.

Among the producing states, Goiás 
stood out for its performance above the na-
tional average. In the first half of 2025, the 
state shipped 8.3 million tons of soybeans, 
an increase of 7.8% compared to 2024. By 
August, Goiás had already set a new record, 
with 12.4 million tons exported, an increa-
se of 6.6% (Seapa, 2025).

Global studies indicate that pests and 
diseases are one of the main factors limiting 
soybean productivity, causing estimated 
losses of 21.4% of the crop’s potential yield. 
Thus, the losses imposed by fungi translate 
not only into quantitative grain losses but 
also into additional costs for management, 
prevention, and mitigation technologies, 
affecting the profitability of soybean crops 
and the production chain that extends from 
seed to export (Savary et al., 2019).

Conventional management of the-
se diseases is largely dependent on the use 
of synthetic fungicides, which, although 
effective, have disadvantages such as envi-
ronmental impact, residual toxicity, and 
the development of resistance by pathogens 
(FRAC, 2025). In this context, the use of 
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biological agents emerges as a sustainable 
and ecologically viable alternative.

Biological control mediated by arbus-
cular mycorrhizal fungi (AMF) is an effi-
cient alternative to the use of chemicals in 
plant disease management. AMF establish 
a symbiotic relationship with the root sys-
tem of plants, whose extraradical myce-
lium branches out in the soil, promoting 
highly efficient absorption of water and 
nutrients, especially phosphorus (P) (Souza 
et al., 2011). In addition to promoting the 
absorption of water and nutrients, such as 
phosphorus and zinc, AMF can exert an an-
tagonistic effect on phytopathogenic fungi 
through mechanisms of competition, anti-
biosis, parasitism, and induction of systemic 
resistance (Etesami; Beyrami, 2021). Studies 
indicate that FMAs are capable of reducing 
the colonization and growth of pathogens in 
different crops, including soybeans, throu-
gh the emission of volatile compounds and 
secondary metabolites that interfere with 
the development of phytopathogenic fungi 
(Jung et al., 2012).

This combination of effects promo-
tes plants that are more resistant to disea-
se, less dependent on chemical inputs, and 
with superior productive performance. The 
adoption and encouragement of mycorrhi-
zal associations represents a promising stra-
tegy within the integrated management of 
soybeans and other crops, contributing to 
the efficiency of agricultural systems.

Given this context, the present study 
aimed to determine the ability to suppress 
mycelial growth and sporulation of phyto-
pathogenic fungi associated with soybeans 
through volatile compounds produced by 
an AMF isolate under in vitro conditions.

DEVELOPMENT

The studies were conducted in the 
phytopathology laboratory of the State Uni-
versity of Goiás, Palmeiras de Goiás Univer-
sity Unit, in 2025.

FMA isolate

The FMA isolate belongs to the 
working collection of Professor Taís Ferrei-
ra de Almeida, ISOE 032/18 (Waitea spp.), 
obtained in 2018 from native orchids in the 
municipality of Araçu, Goiás, multiplied in 
BDA (potato dextrose agar) medium and 
mineral oil.

Pathogenic isolates

Isolates of Macrophomina sp., Rhizoc-
tonia solani, Phomopsis sp., Sclerotinia sp., 
Colletotrichum dematium var. truncata, Cer-
cospora kikuchii, and C. sojina were used, be-
longing to the Mycology Collection of the 
Department of Plant Pathology at UNESP 
– Jaboticabal/SP, preserved in BDA medium 
and oil.

Mycelial development assay

The evaluation of mycelial growth 
suppression by volatile compounds was 
performed using the double plate assay me-
thod, as described by Dennis and Webster 
(1971) and later adapted by Fiddaman and 
Rossall (1993) and Ryu et al. (2003), using 
BDA medium. Twenty-four hours after pre-
paring the plates with the medium, a 5 mm 
diameter disc of ISOE 032 was placed cen-
trally in each plate. The same process was 
performed for the pathogenic isolates.

After preparing the plates, both were 
positioned bottom-to-bottom (BTB) on 
a laminar flow bench so that the volati-
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les emitted by the FMAISOE 032 culture 
could diffuse into the airspace without di-
rect contact between the pathogenic mi-
croorganisms (PM). The edges were sealed 
with plastic film to prevent the dispersion of 
volatile compounds. Each FMA-PM set was 
incubated under controlled conditions (25 
± 2 °C, 12-hour photoperiod) for 10 days, 
and the diameter of the fungal colonies was 
measured with a digital caliper 7 and 10 
days after the test was set up. Mycelial grow-
th inhibition (%) was calculated according 
to the formula:

Where: C is the average colony diame-
ter in the control (without exposure to vo-
latiles) and T is the average diameter in the 
presence of volatile compounds.

Sporulation test

After determining mycelial growth, 
sporulation of the phytopathogenic agents 

was determined. Sporulation is quantified 
based on the count of spores produced per 
colony area.

The spore suspension was obtained by 
adding 5 to 10 mL of sterile distilled water 
to the surface of the colony. Then, with the 
aid of a stiff bristle brush, the mycelium and 
spores were gently scraped off. The suspen-
sion obtained was filtered through sterile 
gauze to remove mycelium fragments.

For counting, a 100 µL aliquot was re-
moved and deposited in a Neubauer cham-
ber for counting with the aid of an optical 
microscope (40x). Six replicates were made 
per pathogen, with each plate considered 
one replicate and the value converted to 1 
cm² (Leslie; Summerell, 2006).

Experimental design

The results were expressed as a mean in 
a completely randomized design and analy-
zed statistically by ANOVA and Tukey’s 
test (p < 0.05) for comparison between 
treatments.

Figure 1. Inhibition of mycelial growth of phytopathogenic fungi by volatile compounds emitted by 
isolate FMA ISOE 032.

Source: Author.
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Results and discussion 

Figure 1 shows the mean values ob-
tained for mycelial growth (in centimeters) 
and in the BTB test, as well as the percen-
tage of inhibition calculated for each pa-
thogen. Figure 2 shows the activity of the 
isolate on the development of some fungal 
colonies evaluated.

It was observed that the mycorrhizal 
isolate had a significant inhibitory effect 
on most of the phytopathogens evaluated, 
especially Macrophomina sp. (81%), Cer-
cospora sojina (77.25%), and C. kikuchii 
(77.5%). These values fall within the range 
considered to be highly effective for biocon-
trol, according to parameters commonly 
used for evaluating synthetic fungicides, in 
which inhibitions greater than 70% indicate 
satisfactory control of the pathogen (Garcia 
et al., 2018).

An intermediate situation was obser-
ved for Sclerotinia sp., with 44% inhibition, 
characterizing a moderate level of efficien-
cy, comparable to chemical formulations of 
average performance under in vitro condi-
tions (Leite et al., 2014).

On the other hand, the mycorrhizal 
isolate showed low inhibition against Rhi-
zoctonia solani (2.5%), suggesting that this 
pathogen is less sensitive to the volatile me-
tabolites emitted by arbuscular mycorrhizal 
fungi (AMF), which has also been repor-
ted in studies involving biocontrol agents 
against more aggressive and structurally 
resistant pathogens (Melo; Azevedo, 2017).

Figure 2. Development of fungal colo-
nies subjected to the BTB test to evaluate 
mycelial growth inhibition. A – Cercospora 
sojina; B – Phomopsis sp.; C – Colletotri-

chum sp.; D – Cercospora kikuchii. 

Source: Author.

These results indicate that the volatile 
compounds produced by AMF have effec-
tive antifungal action against fungi associa-
ted with important soybean diseases, such 
as gray stem rot and purple spot. These re-
sults corroborate the findings of Zhang et 
al. (2021), who reported the production of 
volatile organic compounds with fungistatic 
action in crops colonized by FMAs, redu-
cing pathogen growth by up to 80%.

The inhibition observed is comparable 
to that obtained in studies with broad-spec-
trum chemical fungicides, such as thiopha-
nate-methyl and carbendazim, which have 
average inhibition rates of 80 to 90% on the 
same fungal genera in in vitro tests (Garcia 
et al., 2018; Leite et al., 2014). However, 
unlike synthetic compounds, the action of 
FMAs occurs without residual toxicity and 
without negative impact on beneficial soil 
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microbiota, representing a more ecologically 
safe alternative (Silva et al., 2020).

In the case of Macrophomina sp., res-
ponsible for soybean charcoal rot, the 81% 
inhibition observed with isolate ISOE 032 
is close to the values obtained with the use 
of strobilurin-based chemical fungicides 
(80-85%) (Ferreira et al., 2020). However, 
while chemical control requires successive 
applications and presents a risk of fungal 
resistance, the effect of FMAs tends to be 
more lasting, as it results from the symbio-
tic and continuous interaction between the 
plant and the beneficial fungus, strengthe-
ning the root system and inducing systemic 
resistance (Hung et al., 2013).

For the pathogens Cercospora sojina 
and C. kikuchii, which cause leaf spot and 
purple seed spot, respectively, the inhibition 
percentages observed (77.25% and 77.5%) 
are also promising. Studies with chemical 
control report an average efficacy of 70 to 
90% with triazole and strobilurin fungici-
des, depending on the concentration and 
environmental conditions (Dalla Lana et 
al., 2018; Godoy et al., 2016). Thus, the an-
tifungal activity of the volatile compounds 
emitted by FMA ISOE 032 reveals poten-
tial comparable to conventional chemical 
control, with the advantage of not genera-
ting residues and contributing to the biolo-
gical balance of the soil.

On the other hand, the low inhibition 
on R. solani (2.5%) indicates physiological 
resistance of the pathogen to volatile com-
pounds produced by FMA. This species is 
known for its high colonization capacity 
and wide range of adaptation, which redu-
ces the effectiveness of biological agents and 
even some contact fungicides, which vary in 
effectiveness between 30 and 60%, as repor-
ted by Caires et al. (2019). For Sclerotinia 

sp., the moderate effect (44%) suggests that 
inhibition depends on the concentration 
and composition of the secondary metabo-
lites emitted, reinforcing the need for fur-
ther studies to optimize the use of FMA in 
combination with other control strategies 
(Bettiol; Morandi, 2009).

In addition to inhibiting mycelial 
growth, a reduction in sporulation was ob-
served in pathogens exposed to volatile com-
pounds from FMAs, indicating interference 
in the reproductive phase and dissemination 
of these fungi. Similar results were described 
by Gao et al. (2022), who observed a reduc-
tion of more than 60% in the production of 
Fusarium oxysporum spores in the presen-
ce of FMAs. This action is possibly due to 
the production of volatile alcohols and fatty 
acids with antifungal properties (Jung et al., 
2012).

The results referring to the concentra-
tion of spores found in 1 cm show that the 
volatile compounds emitted by the mycor-
rhizal isolate FMA ISOE 032 had a signi-
ficant inhibitory effect on the sporulation 
of the phytopathogenic fungi evaluated. A 
significant reduction in the number of spo-
res produced was observed in comparison 
to the control, indicating the antifungal ac-
tion of the isolate. The highest percentage 
of inhibition was observed for Cercospora 
kikuchii and C. sojina, with reductions of 
approximately 65.6% and 59.8%, respec-
tively, compared to the control. For Colle-
totrichum, the reduction was 52.5%, also 
demonstrating a considerable inhibitory 
effect.

These results suggest that isolate FMA 
ISOE 032 releases volatile metabolites with 
biocontrol potential over the fungi studied. 
Volatile compounds, such as alcohols, ke-
tones, and terpenes, produced by arbus-
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cular mycorrhizal fungi and rhizobacteria, 
are recognized for their ability to interfere 
with spore germination and mycelial grow-
th of phytopathogens (Hung et al., 2013; 
Wonglom et al., 2018). The reduction in 
sporulation is a relevant factor, as it limits 
the spread and survival of pathogens in the 
environment, contributing to the natural 
suppression of diseases (Zhang et al., 2021).

The significant inhibition of Cercospo-
ra species is particularly relevant, as it is as-
sociated with diseases responsible for losses 
of up to 15% in productivity when not pro-
perly controlled (Godoy et al., 2020). Thus, 
the use of microorganisms that produce 
bioactive compounds, such as FMA ISOE 
032, may represent a sustainable alternative 
to the intensive use of chemical fungicides.

The results of this study reinforce 
the potential of the ISOE 032 isolate as a 
broad-spectrum biocontrol agent, with 
performance equivalent or close to that of 
chemical fungicides, but with relevant envi-
ronmental and agronomic advantages. The 
adoption of FMAs in integrated manage-
ment programs can reduce the number of 
fungicide applications and lower produc-
tion costs. However, the transition to the ef-
fective use of these biological agents requires 
investment in applied research, since factors 
such as environmental variability, compati-
bility with cultivars, and management prac-
tices can interfere with symbiotic efficiency 
(Brazil, 2024).

The use of FMAs in disease manage-
ment represents a sustainable alternative, 
capable of reducing the use of chemical pes-
ticides, preserving soil microbiota, and con-
tributing to the sustainability of production 
systems. In addition, the adoption of these 
microorganisms can promote greater ecolo-
gical balance, strengthening plants through 

symbiosis and stimulating natural resistance 
mechanisms.

Thus, this study reinforces that arbus-
cular mycorrhizal fungi represent a viable 
and sustainable alternative to traditional 
chemical control, with the potential to in-
tegrate soil disease management strategies, 
reducing dependence on synthetic products 
and promoting greater ecological balance in 
agricultural systems.

FINAL CONSIDERATIONS 

The results obtained in this study de-
monstrate that the arbuscular mycorrhi-
zal fungus (AMF) isolate ISOE 032 has 
potential as a biocontrol agent for phyto-
pathogenic fungi associated with soybean 
cultivation.

The action of the volatile compounds 
produced by the isolate promoted signi-
ficant inhibition of mycelial growth and a 
significant reduction in the sporulation of 
pathogens such as Macrophomina sp., Cer-
cospora kikuchii, and C. sojina, demonstra-
ting its efficiency comparable to that of syn-
thetic fungicides.
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