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This study aimed to identify the stability of a biocontrol agent and develop a
formulation to achieve the highest survival percentage and effectiveness of Bacillus
velezensis. The effect of the B. velezensis capsule formulation on the growth of tomato
plants and the plant defense mechanism against Rhizoctonia solani were assessed.
Capsules were produced using the ionic gelation method. Tomato seeds inoculated
with capsulated or non-capsulated B. velezensis were planted in soil artificially
infected with R. solani. After 40 days, plant growth parameters, damping-off incidence
of seedlings, and antioxidant activity variations were assessed. A factorial experiment
based on a completely randomized design with 4 replications was conducted. The
viability of capsulated B. velezensis, following 90 days at both 25 °C and 35 °C, was
determined to be 58% and 53%, respectively, indicating the positive effect of capsules
in enhancing bacterial viability and resistance compared to the non-capsulated form.
Greenhouse experiments showed that capsulated B. velezensis inhibited disease
incidence compared to the non-capsulated formulation. Capsulated B. velezensis
exhibited extreme differences in growth parameters compared to the control, with the
most notable being root and shoot length. The results highlighted the advantages of B.
velezensis and its capsule formulation towards enforcing resistance against damping-
off disease and promoting growth parameters in tomato plants. This approach can be
proposed as a biotechnological tool to induce plant growth promotion and stress
tolerance against R. solani.
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Extended Abstract
Introduction

Tomato crops are severely affected by soilborne pathogens like Rhizoctonia solani, which causes extensive
losses through damping-off and root rot diseases. Since traditional fungicide applications have limited success
and are environmentally risky, biological control using plant growth-promoting rhizobacteria (PGPR),
especially Bacillus species, offers an environmentally friendly alternative. These beneficial bacteria combat
pathogens through the production of antimicrobial substances, competition for nutrients, and plant growth
stimulation. However, PGPR are faced with survival challenges in field conditions due to environmental
stresses like temperature, pH, moisture, and competitive microorganisms. lonically gelated encapsulation
technology using biocompatible polymers like sodium alginate is a new strategy that entraps microorganisms
in biodegradable capsules, thereby providing controlled release, improving soil establishment, extending shelf
life, reducing application frequency, and being environmentally compatible.

Materials and Methods

Firstly, B. velezensis isolate and R. solani pathogen fungus were obtained from Gorgan University of
Agricultural Sciences and Natural Resources' fungal collection in the Plant Pathology Department.
Encapsulated and non-encapsulated B. velezensis inhibitory capacity against R. solani were tested through dual
culture, volatile compound, and non-volatile compound tests in PDA medium according to completely
randomized design with four replications. Encapsulated B. velezensis was thereafter prepared using ionic
gelation method with 2% sodium alginate and 0.1 M calcium chloride solution, and capsule morphology, size,
and encapsulation efficiency were determined. The shelf life of bacterial in 5, 25, and 35°C temperatures for
15 days was evaluated in encapsulated versus non-encapsulated form. Greenhouse experiments were performed
to evaluate the ability of these formulations to control R. solani damping-off disease with a growth period of
30 days in tomatoes using a factorial experiment based on a completely randomized design with 4 replications.
The factors that were studied were: 1- Treatments (encapsulated B. velezensis, non-encapsulated B. velezensis,
and sodium alginate capsules without bacteria as control), 2- Various concentrations of bacterial treatments
(1x10%,5x102, and 10* CFU/g for encapsulated and CFU/ml for non-encapsulated forms), and 3- Temperature
storage conditions (5, 25, and 35°C). Plant growth parameters, disease incidence, and antioxidant activity were
measured following standard protocols, and data were calculated using R.4.2.2 software with Duncan's multiple
range test at p<0.05 level of significance.

Results

Encapsulated B. velezensis capsules through ionic gelation method exhibited approximate spherical shape
having wet capsules size 2600 micrometers in diameter (transparent white) and dried capsules size 1000
micrometers (yellow, wrinkled surface). Encapsulation efficiency was 99%. Encapsulation also enhanced the
survival and stability of B. velezensis at 25°C and 35°C compared to the non-encapsulated form with 5°C being
the optimal storage condition for long term. No protective difference was observed among dry and wet capsules
against temperature changes. Greenhouse experiments confirmed encapsulated B. velezensis formulation
suppressed disease incidence in comparison to non-capsulated B. velezensis and bacterial-free capsules.
Encapsulated B. velezensis treated plants exhibited considerable improvement of growth indices compared to
control groups with only root height found to be significantly affected by formulation type. The findings
substantiate the positive and effective role of encapsulated B. velezensis towards seedling mortality reduction
and tomato growth promotion, validating its efficacy as an effective alternative to enhance reduction of
chemical pesticide dependency.

Conclusion
The findings of this research indicate that the application of encapsulated formulation significantly improves
the persistence and viability of B. velezensis compared to the non-encapsulated one, and can also lead to the
promotion of its inhibitory ability. Therefore, the obtained results are of great significance regarding the
practical application of microbial fungicides based on encapsulated formulation and provide a clear vision for
the application of encapsulated B. velezensis as a promising alternative to reducing the application of chemical
pesticides.
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