


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BOOK OF 

PROCEEDINGS 
 

 

 

 

XV International Scientific Agriculture Symposium 

“AGROSYM 2024” 
 

 

 

 

 

 

 

 

 
 

 

 

 

Jahorina, October 10 - 13, 2024



 

Impressum 

 

XV International Scientific Agriculture Symposium „AGROSYM 2024“ 

 

Book of Proceedings Published by 

 
University of East Sarajevo, Faculty of Agriculture, Republic of Srpska, Bosnia 

University of Belgrade, Faculty of Agriculture, Serbia 

Mediterranean Agronomic Institute of Bari (CIHEAM - IAMB) Italy 

International Society of Environment and Rural Development, Japan 

Balkan Environmental Association (B.EN.A), Greece 

CDR, University of Natural Resources and Life Sciences (BOKU), Austria 

Perm State Agro-Technological University, Russia 

Voronezh State Agricultural University named after Peter The Great, Russia 

Tokyo University of Agriculture, Japan 

Jiangsu University, People's Republic of China 

Shinshu University, Japan 

Faculty of Agriculture, University of Western Macedonia, Greece 

Arid Agricultural University, Rawalpindi, Pakistan 

Chapingo Autonomous University, Mexico  

Selçuk University, Turkey 

University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 

Slovak University of Agriculture in Nitra, Slovakia 

National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine 

Saint Petersburg State Forest Technical University, Russia 

University of Valencia, Spain 

Faculty of Agriculture, University of Zagreb, Croatia 

Voronezh State University of Forestry and Technologies, Russia 

Tarbiat Modares University, Islamic Republic of Iran 

Northwest Normal University, People's Republic of China 

Valahia University of Targoviste, Romania 

Faculty of Agriculture, University of Akdeniz - Antalya, Turkey 

Cangzhou Normal University, People's Republic of China 

Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine 

Institute of Animal Science - Kostinbrod, Bulgaria 

National Scientific Center "Institute of Agriculture of NAAS", Kyiv, Ukraine 

Department of Agricultural, Food and Environmental Sciences, University of Perugia, Italy 

Watershed Management Society of Iran 

Faculty of Agriculture, Cairo University, Egypt 

Higher Institute of Agronomy,  Chott Mariem-Sousse, Tunisia 

Faculty of Economics Brcko, University of East Sarajevo, Bosnia and Herzegovina 

Biotechnical Faculty, Montenegro 

Institute of Field and Vegetable Crops, Serbia 

Institute of Lowland Forestry and Environment, Serbia 

Institute for Applied Science in Agriculture, Serbia 

Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia and Herzegovina 

Maize Research Institute “Zemun Polje”, Serbia 

Faculty of Agriculture, University of Novi Sad, Serbia 

Institute for Animal Science, Ss. Cyril and Methodius University in Skopje, North Macedonia 

Serbian Academy of Engineering Sciences, Serbia 

Balkan Scientific Association of Agricultural Economics, Serbia 

Institute of Agricultural Economics, Serbia 

  



 

 

 

 

 

 

 

 

 

Editor in Chief 

 

Dusan Kovacevic 

 

Tehnical editors 

 

Sinisa Berjan 

Milan Jugovic 

Rosanna Quagliariello 

 

Website: 

http://agrosym.ues.rs.ba 

 

 

 

 

 

 

 

 
CIP -  Каталогизација у публикацији 

Народна и универзитетска библиотека 

Републике Српске, Бања Лука 

 

631(082)(0.034.2) 

 

INTERNATIONAL Scientific Agriculture Symposium "AGROSYM" 

(15 ; 2024 ; Jahorina) 

           Book of Proceedings [Електронски извор] / XV International 

Scientific Agriculture Symposium "AGROSYM 2024", Jahorina, 

October 10 - 13, 2024 ; [editor in chief Dusan Kovacevic]. - Onlajn 

izd. - El. zbornik. - East Sarajevo : Faculty of Agriculture, 2024 

 

Системски захтјеви: Нису наведени. - Način pristupa (URL): 

https://agrosym.ues.rs.ba/article/showpdf/BOOK_OF_PROCEEDI

NGS_2024_FINAL.pdf. - Ел. публикација у ПДФ формату опсега 

1552 стр. - Насл. са насловног екрана. - Опис извора дана 

2.12.2024. - Библиографија уз сваки рад. - Регистар. 

 

ISBN 978-99976-816-8-3 

 

 

COBISS.RS-ID 141807105 

 

 

  

http://agrosym.ues.rs.ba/
http://agrosym.ues.rs.ba/


Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024” 

773 

APPLICATION OF BACILLUS SPP. IN PLANT PROTECTION AND GROWTH 

PROMOTION OF CEREALS 

Marina JOVKOVIĆ
1
*, Magdalena KNEŽEVIĆ

1
, Marina DERVIŠEVIĆ

2
, Jelena 

MAKSIMOVIĆ
1
, Galina JEVĐENOVIĆ

3
, Mira MILINKOVIĆ

1
, Aneta BUNTIĆ

1
 

1
Institute of Soil Science, Belgrade, Serbia 

2
Institute of Pesticides and Environmental Protection, Belgrade, Serbia 

3
University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia 

*Corresponding author: jovkovic.marina.90@gmail.com 

  

Abstract 

 

The research objective is the application of new bacterial isolates as an alternative to chemical 

pesticides for controlling plant diseases caused by Fusarium spp., aiming to reduce reliance 

on   conventional interventions, minimize environmental impacts, thus fostering a shift 

towards environmentally friendly plant disease management strategies. In this study, the 

effects of four Bacillus spp. (BHC 2.3, BHC 2.4, BHC 4.5, BHC 4.7) isolated from two soil 

samples on suppressing the Fusarium spp. plant pathogens (F. poae, F. proliferatum, F. 

oxysporum and F. graminearum), as well as their effect on seed germination (wheat, oat and 

barley) during the fungal infection were determined. Basic chemical analyses of soil samples 

used for bacterial isolation and plant growth promoting experiments were performed. 

Antifungal activity of isolates was tested in vitro on PDA medium, seed germination test was 

performed in Petri dishes on filter paper, while the ability of isolates to promote plant growth 

under semi-controlled conditions was also tested. Inhibition percentage of mycelial growth of 

F. poae was up to 20% (for isolate BHC 4.5) and up to 15% (for isolate BHC 4.7). Seed 

germination test indicated the effectiveness of seed inoculation by selected bacterial isolates. 

In the case of infected seeds, germination percentage was up to 80% (wheat) and up to 90% 

(barley and oat), without bacterial inoculation. On the other hand, germination percentage for 

infected seeds inoculated by all four applied isolates was increased. Results of the experiment 

performed under semi-controlled conditions showed that bacterial isolate BHC 4.5 had the 

best overall effect on the shoot length of all used cereals. The results of this study indicate the 

potential of different Bacillus spp. soil isolates for formulating new biofertilizers to be used in 

plant protection and plant growth promotion of cereals.    

 

Keywords: Bacillus spp., PGP bacteria, seed germination, oat, barley and wheat seedling 

shoots. 

Introduction 

 

The effects of climate change and global warming has a strong impact on the agricultural 

sector. Higher air temperatures, relatively less rainfall, the rarity of continuous rainfall, the 

frequency of torrential rains can promote more frequent plant infections caused by pathogens 

(Modrzewska et al., 2022). A warmer climate and frequent extreme phenomena increase the 

incidence of pathogens, mostly fungi of the Fusarium genus, which are responsible for 

causing fusariosis in cereals (Siebold and von Tiedemann, 2012, West et al., 2012). The most 

commonly grown cereal plants include maize, wheat and rice (FAO, 2021) and diseases of 

these cereals result in a loss of nearly 1/6 of crops before harvest (Popp and Hantos, 2011). 

The major Fusarium species that infect many crops and represent some of the most critical 

soil-borne plant pathogen and are responsible for massive crop losses include F. oxysporum, 

F. proliferatum and F. poae (Baard et al., 2023).  

mailto:jovkovic.marina.90@gmail.com
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Synthetic pesticides have a constant importance for protection of cereal crops, and chemical 

control is one of the most commonly used methods for preventing crops diseases. However, 

conventional plant protection strategies are costly and have been the subject of debate due to 

the possible soil pollution and the presence of residues in food (Braun et al., 2018; Ntalli & 

Menkissoglu-Spiroudi, 2011). Biological control has been considered as an effective 

alternative method to chemical control, as it poses no health risks and has an insignificant 

impact on the environment (Xu et al., 2020).  

Rhizosphere soils from healthy plants that survived in a plot infested with phytopathogens are 

a good source for the isolation of microorganisms with biostimulator and biopesticides 

potential (Modrzewska et al., 2022, Huang at al., 2013). Using plant growth-promoting 

rhizobacteria (PGPR) in biological control of phytopathogens represent an eco-friendly 

strategy which is reported in variety of research papers (Mulk et al., 2022, Sharma et al., 

2020). Microorganisms offer many advantages, as they can improve the overall fitness of 

plants by promoting their growth and resistance to abiotic stress and promote the suppression 

of pathogens (Modrzewska et al., 2022). The commercial application of bioinoculants is still 

limited, due to a lack of consistent field efficacy and poor product shelf life (Mulk et al., 

2022, Valente et al., 2020). 

The variety of microorganisms that might potentially be used as biological agents and 

promotors of cereal crop growth include bacteria and fungi, and they have proven to be 

effective in reducing fungal infection in the greenhouse and field trials (Modrzewska et al., 

2022, Huang at al., 2013). Various PGPRs have been successfully isolated from the 

rhizosphere soils of healthy plants and the most studied ones belong to Bacillus, 

Pseudomonas and Streptomyces genus (Huang at al., 2013).  

The objective of this paper is to test and compare biocontrol and plant growth promoting 

potential of bacteria isolated from two rhizosphere soil samples with different acidity. 

Biocontrol potential experiments against four Fusarium species is conducted, while the plant 

growth promoting potential of bacterial isolates through the seed germination test and 

seedling parameters of tree cereal plants (oat, wheat and barley) is also examined. 

 

Material and Methods 

 

The isolation of bacterial isolates was conducted from soil sampled in the territory of 

Lazarevac (soil sample BHC 2) and Smederevska Palanka (soil sample BHC 4). The basic 

soil chemical parameters are shown in Table 1: 

 

Table 1. Basic soil chemical parameters 

Soil sample 
pH CaCO3 

% 

P2O5 K2O Humus content  
% KCl H2O mg·100 g

-1 

BHC 2 5.49 7.33 < LOD* 2.94 25.9 2.59 

BHC 4 7.80 8.37 13.2 28.4 39.3 3.79 

*The limit of detection (LOD) 0,04% 

 

For the isolation of bacteria from soil samples, a series of decimal dilutions of the soil 

suspension from 10
-2

 to 10
-6

 was prepared. To ensure the isolation of bacteria from the genus 

Bacillus, tubes with dilutions from 10
-4

 to 10
-6

 were incubated for 15 min at 80 °C in a water 

bath. One ml of these dilutions was then inoculated onto Petri dishes with Nutrient agar. Petri 

dishes were incubated at 28 °C for 72 h, and pure cultures of bacterial isolates were obtained 

by several rounds streaking on Nutrient agar. The obtained pure cultures were stored on 

slanted Nutrient agar at 4 °C.  
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The antagonistic effect of bacterial isolates against different Fusarium species (F. poae, F. 

proliferatum, F. oxysporum and F. graminearum) was evaluated on potato dextrose agar 

(PDA). Fungi used for testing the antagonistic activity of bacterial isolates were cultured on 

PDA medium for 72 h at 28 °C, from which sterile plugs of fungal mycelium (approximately 

2 mm in diameter) were excised for further use. A plug of fungal mycelium was placed in the 

centre of a Petri dish, and 20 µL of overnight bacterial cultures was inoculated approximately 

1 cm from the edges of the Petri dish (on two sides of the Petri dish). Petri dishes were then 

incubated at 28 °C, and the results were obtained after 7 days of incubation. After incubation, 

the diameter of fungal colony growth was measured in millimetres and compared with the 

bacteria-free control. Tests were conducted in triplicate, and the antagonistic activity of 

bacterial isolates was determined based on the following equation (Ogbebor & Adekunle, 

2005): Inhibition (%) = [(Fungal control (mm) - Treatment (mm))/Fungal control (mm)] x 

100.  

The ability of bacterial isolates to induce germination of wheat (Triticum aestivum), oat 

(Avena sativa) and barley (Hordeum vulgare) seeds (infected and non-infected by F. poae, F. 

proliferatum, F. oxysporum and F. graminearum) was accessed in vitro on Petri dishes by 

using filter paper method. Ten seeds of each plant species were soaked in over-night bacterial 

culture for each isolate (BHC 2.3, BHC 2.4, BHC 4.5 and 4.7), while non-inoculated seeds 

were used as the control sample. Further, seeds infected with each fungal pathogen were used 

as fungal infection control, while the seeds infected by fungi and inoculated by each bacterial 

isolate were also used. Petri dishes were kept for two weeks in a transparent sealed box. 

Relative seed germination index (RSGI%) was estimated as described by Knezevic et al. 

(2021). All tests were done in three independent replications. 

For PGP test, seeds of wheat, oat and barley were placed in seedling trays (three seeds per one 

hole) in triplicates. The following treatments were applied: control (Ø, no fungal or bacterial 

inoculation), fungal control (FØ, fungal infection), bacterial inoculation by four isolates (BHC 

2.3, BHC 2.4, BHC 4.5 and BHC 4.7), as well as mixed inoculation by F. poae and bacterial 

isolates (F-BHC 2.3, F-BHC 2.4, F-BHC 4.5 and F-BHC 4.7) for each cereal. The experiment 

was kept under semi-controlled conditions for 21 days, after which the shoots of all seedling 

were measured. 

 

Results and Discussion 

 

The soils used in this research (BHC 2 and BHC 4) belong to a group between acid and 

moderately acidic (pH value in KCl 5.49) and alkaline (pH value in KCl 7.80) soils, 

respectively (Manojlović et al., 1969). A total of four Bacillus spp. isolates (BHC 2.3, BHC 

2.4, BHC 4.5 and BHC 4.7) isolated from soil samples were used in this research. In 

literature, effectiveness of different Bacillus species has been previously demonstrated against 

F. graminearum, F. poae and other fusarium head blight (FHB) causative agents in cereals, 

such as barley and wheat (Mischler et al., 2024; Zanon et al., 2024). Among tested fungal 

pathogens, used bacterial isolates showed the strongest antagonistic effect against F. poae. 

The percentage of F. poae inhibition was 20%, 15% 12% and 7% by BHC 4.5, BHC 4.7, 

BHC 2.4 and BHC 2.3, respectively. In addition, BHC 4.7 and BHC 4.5 showed weak 

antagonistic effect against F. graminearum (Figure 1). Similarly, Bjelic et al. (2017) reported 

effectiveness of Bacillus spp. isolated from the soils of Province of Vojvodina against F. 

proliferatum and F. oxysporum. 
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Figure 1. Antifungal potential of Bacillus spp. isolates against F. poae and F. graminearum. 

a) BHC 2.4 + F. poae; b) BHC 4.5 + F. poae; c) BHC 4.7 + F. graminearum; d) BHC 4.5 + 

F. graminearum 

 

Relative seed germination index percentage (RSGI, %) of seeds infected by F. poae was 70% 

(barley), 75% (oat) and 37.5% (wheat). Application of all four bacterial treatments increased 

RSGI of all cereals. BHC 2.4 treatment increased seed germination for infected barely and oat 

seeds, with the strongest effect on wheat seeds, in comparison to the uninfected control. 

Furthermore, application of all bacterial treatments (except F-BHC 2.3 in oat) increased the 

root length of all cereals, in comparison to infected control (Figure 2).  

 

 

Figure 2. Impact of bacterial treatment/fungal infection on root and shoot length of barley, oat 

and wheat seedlings. 

 

Similar results were obtained for the shoot length, where only treatments BHC 2.3 and F-

BHC 2.3 had values of shoot length (oat) lower than infected control. Previously, it has been 

shown that the application of Bacillus spp. improved soybean seed quality compared to 

control, as well as the germination of garden pea seeds in the presence of F. proliferatum 

infection (Miljaković et al., 2022, Miljaković et al., 2024). In addition, B. pseudomycoides 

improved seed germination of alfalfa in the presence of F. oxysporum (Knezevic et al., 2021).  

Further, PGP test showed that applied bacterial treatments increased fresh plant biomass of 

infected wheat, barley and oat in comparison to the fungal control (FØ). The highest increase 

of fresh biomass in comparison to the infected control was recorded by BHC 4.5 treatment for 

oat (18.43%), followed by wheat (14.04%) and barley (2.35%), while the other bacterial 
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treatments increased fresh biomass in a range from 0.31 (wheat) - 3.70% (barley). Similar, it 

has been shown that PGP bacteria (most commonly from Bacillus, Brevibacterium, 

Pseudomonas and Arthrobacter genus) can increase biomass, leaf area, plant height, root 

length, dry weight and fresh weight of different cereals including wheat, barley, maize and rye 

(Wijekoon and Weerasinghe, 2024). The results of this research confirm positive effects of 

bacterial inoculation and the possibility of using Bacillus spp. for improving seed germination 

and seedling biomass infected by Fusarium species. 

 

Conclusions 

 

In conclusion, this study demonstrates the promising potential of selected Bacillus spp. soil 

isolates as effective alternatives to chemical pesticides for managing plant diseases caused by 

Fusarium spp. The isolates, particularly BHC 4.5, exhibited notable antifungal activity 

against Fusarium pathogens while also promoting seed germination and enhancing plant 

growth in wheat, oat, and barley under semi-controlled conditions. These findings highlight 

the feasibility of utilizing these bacterial isolates in formulating biofertilizers, thereby offering 

sustainable and environmentally friendly strategies for plant disease management and crop 

enhancement in cereals. By reducing reliance on chemicals, these bio-based approaches hold 

significant promise for mitigating environmental impacts associated with conventional 

pesticide use allow a transition towards more eco-friendly agricultural practices. 
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