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Soybean is one of the most important oilseed crops, supplying half of the protein and
vegetable oil by humans. Charcoal rot disease and soybean crown and root rot caused
by Macrophomina phaseolina and Phytophthora sojae, respectively, are among the
most important soybean pathogens that cause a reduction in crop yield. A biocontrol
strategy using Actinobacteria, especially different species of Streptomyces, and
Hypocreaceae especially different species of Trichoderma, is considered a method for
the management of disease and pests. In this study, biological control of these
pathogens was investigated using Streptomyces sp. isolate 23 and Trichoderma sp.
isolates 1 and their volatile metabolites. The activity of Streptomyces isolates and a
Trichoderma isolate taken from the soil of Kerman was evaluated against pathogenic
fungi, M. phaseolin, and P. sojae. Experiments in the laboratory were conducted based
on a completely randomized design with three replications. Sequence analysis of 16s
rDNA and ITS region showed Streptomyces sp. isolate 23 and Trichoderma sp. isolate
1belong to S. bacillaris and T. longibrachiatum, respectively. The results of the double
culture method and volatile metabolites test showed that S. bacillaris isolate 23 and T.
longibrachiatum isolate 1, significantly inhibited the growth of M. phaseolina and P.
sojae. In both tests, the two biocontrol agents used showed more inhibitory effects on
P. sojae compared to M. phaseolina. The results of the dual culture and volatile
metabolites tests showed that S. bacillaris isolate 23 and T. longibrachiatum isolate 1
had a high inhibitory effect on M. phaseolina and P. sojae.
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Extended Abstract
Introduction

Soybean is one of the most important oilseed crops in the world, supplying half of the protein and vegetable

oil consumed by humans. It is a nitrogen-fixing legume that is usually cultivated in alternation with cereals.
Charcoal rot disease and soybean crown and root rot caused by Macrophomina phaseolina and Phytophthora
sojae, respectively, are among the most important soybean pathogens that cause quantitative and qualitative
reduction of crop yield. The common method of using chemical fungicides to control these diseases poses
negative side effects on humans and the environment.
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Biological control offers the best alternative for controlling plant diseases. Actinobacteria, especially different
species of Streptomyces, and Hypocreaceae especially members of the genus Trichoderma, are considered as
the promising method for the management of diseases and pests. Furthermore, Actinobacteria produce
antifungal antibiotics, cell wall degrading enzymes, and plant growth promoters which protect plants from a
wide range of phytopathogenic fungi. Trichoderma is of great importance in controlling plant pathogens due
to its rapid growth, high ability to produce spores, and the ability of myco-parasitism against a wide range of
fungal pathogens.

Materials and Methods

In this study, the activity of Streptomyces isolates and Trichoderma isolates taken from the soil of Kerman
was evaluated against pathogenic fungi, M. phaseolina, and P. sojae. Experiments in the laboratory were
conducted based on a completely randomized design with three replications. To confirm the antagonistic
activity of Trichoderma sp. isolate 1 and Streptomyces sp. isolate 23, a dual culture assay and Sandwiched Petri
dish method were used. Streptomyces sp. isolate 23 and Trichoderma sp. isolate 1 were identified based on
morphological and molecular characteristics (16s rDNA and ITS regions).

Results and Discussion

Sequence analysis of 16s rDNA and ITS region showed Streptomyces sp. isolate 23 and Trichoderma sp.
isolate 1 belong to S. bacillaris and T. longibrachiatum respectively.
Results of dual culture showed that the hyphal growth of M. phaseolina and P. sojae stopped by T.
longibrachiatum with an average of 58% and 97.14%, respectively. In addition, the T. longibrachiatum was
able to advance the inhibition zone and cover the pathogenic fungal colonies, and exert intense and rapid
sporadic activity at various locations of hyphae, including on the pathogenic fungal colonies. This
physiological feature is the most important stage in parasitic activity. Moreover, S. bacillaris significantly
inhibited the hyphal growth of M. phaseolina and P. sojae in dual culture.
Streptomyces species have been identified as one of the promising sources for the biological control of plant
diseases. They produce active antifungal and antibacterial substances. In this study was observed that volatile
compounds of S. bacillaris have inhibitory effects on the hyphal growth of phytopathogenic fungi M.
phaseolina and P. sojae. Furthermore, it was observed that volatile compounds of S. bacillaris stopped the
production of microsclerotia in M. phaseolina and the radial growth of P. sojae. Also, Streptomyces generates
antifungal volatile compounds. Furthermore, our results revealed that T. longibrachiatum volatile compound
significantly decreased the rate of microsclerotia production in M. phaseolina and the density of the colony
over passing time.

Conclusion

The results of the present study showed that two biocontrol agents T. longibrachiatum and S. bacillaris and
their volatile compounds are highly efficient in the biocontrol of pathogenic fungi of M. phaseolina and P.
sojae in vitro. Both T. longibrachiatum and S. bacillaris could decrease the production of microsclerotium of
M. phaseolina. Microsclerotia are living structures that persist in the soil for many years and play an important
role in the disease cycle. Studies have shown that inhibition of germination of the fungus's survival organs can
disrupt the disease cycle and protect the plant. T. longibrachiatum and S. bacillaris can be good candidates for
controlling M. phaseolina and P. sojae in soybean plants. Further investigation is needed in the greenhouse
and field conditions.
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