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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).
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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

. pH CaCO, P>0s K:O  Humus content
Soil sample 0 1 0
KCI H,0 % mg-100 g %
BHC 2 5.49 7.33 < LOD* 2.94 25.9 2.59
BHC 4 7.80 8.37 13.2 284 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 107 to 10°® was prepared. To ensure the isolation of bacteria from the genus
Bacillus, tubes with dilutions from 10 to 10°® 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 uL 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 (RSGI1%) 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 (@, no fungal or bacterial
inoculation), fungal control (F@, 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 KCI 7.80) soils,
respectively (Manojlovic¢ 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; ¢) 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).
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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 (Miljakovi¢ et al., 2022, Miljakovi¢ 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 (F@). 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.

Acknowledgement

This research was supported by the Ministry of Science, Technological Development and
Innovations of the Republic of Serbia, contract Nos. 451-03-66/2024-03/200011, 451-03-
66/2024-03/200214 and 451-03-66/2024-03/200135 and by the Science Fund of the Republic
of Serbia, GRANT No. 10815, The necessity of healthy crops: Development of a
multifunctional bacterial inoculant for the biological protection of cereals - BioHealCrop.

References

Baard V, Bakare OO, Daniel Al, Nkomo M, Gokul A, Keyster M, Klein A. (2023) Biocontrol
potential of Bacillus subtilis and Bacillus tequilensis against four Fusarium species.
Pathogens, 12(2), 254.

Bjelic D, Ignjatov M, Marinkovic J, Spremo N, Karaman M, Nikolic Z, Ivanovic Z. (2017)
Antifungal activity of indigenous Bacillus spp. isolated from soil. Zbornik Matice
Srpske Za Prirodne Nauke, (133), 261-2609.

Food and Agriculture Organization. (2021) Crop Prospects and Food Situation - Quarterly
Global Report No. 2, July 2021. Rome FAO 2020. World Food and Agriculture-
Statistical Yearbook 2020. Rome, Available from:
https://www.fao.org/documents/card/en/c/cb560 3en/. [Accessed 9 September 2021].

Huang J, Wei Z, Tan S, Mei X, Yin S, Shen Q, Xu Y. (2013) The rhizosphere soil of diseased
tomato plants as a source for novel microorganisms to control bacterial wilt. Appl Soil
Ecol, 72, 79-84.

Knezevi¢c MM, Stajkovi¢-Srbinovi¢, OS, Assel M, Mili¢ MD, Mihajlovski KR, Deli¢ DI,
Bunti¢ AV (2021). The ability of a new strain of Bacillus pseudomycoides to improve
the germination of alfalfa seeds in the presence of fungal infection or chromium.
Rhizosphere, 18, 100353.

Manojlovi¢ S, Rajkovi¢ T, Glinti¢ M, Sesti¢ S (1969) Priru¢nik za sistematsku kontrolu
plodnosti zemljista i upotrebu dubriva. Centar za unapredenje poljoprivredne

7



Proceedings of the XV International Scientific Agricultural Symposium “Agrosym 2024

proizvodnje SR Srbije: Poslovno udruzenje proizvodaca vesStackih dubriva
"Agrohemija", Beograd, 67-71.

Miljakovi¢ D, Marinkovi¢ J, Tamindzi¢ G, Pordevi¢ V, Ignjatov M, Milosevi¢ D, Nikoli¢ Z.
(2022) Effect of plant growth promoting bacillus spp. on germination and seedling
growth of soybean. Legume research - an international journal, 45(4), 487-491.

Mischler S, André A, Freimiiller Leischtfeld S, Miller N, Chetschik 1, Miescher
Schwenninger S. (2024). Potential of lactic acid bacteria and bacillus spp. in a bio-
detoxification strategy for mycotoxin contaminated wheat grains. Appl Microbiol, 4(1),
96-111.

Modrzewska M, Bryta M, Kanabus J, Pierzgalski A. (2022) Trichoderma as a biostimulator
and biocontrol agent against Fusarium in the production of cereal crops: Opportunities
and possibilities. Plant Pathol, 71(7), 1471-1485.

Mulk S, Wahab A, Yasmin H, Mumtaz S, El-Serehy HA, Khan N, Hassan MN. (2022)
Prevalence of wheat associated Bacillus spp. and their bio-control efficacy against
fusarium root rot. Front Microbiol, 12, 798619.

Ogbebo, N, Adekunle AT. (2005) Inhibition of conidial germination and mycelial growth of
Corynespora cassiicola (Berk and Curt) of rubber (Hevea brasiliensis muell. Arg.)
using extracts of some plants. Afr J Biotechnol, 4(9), 996-1000.

Popp J, Hantos, K. (2011) The impact of crop protection on agricultural production. Studies in
Agricultural Economics, 113, 47—66.

Sharma N, Khanna K, Manhas RK, Bhardwaj R, Ohri P, Alkahtani J, Mona A, Parvaiz A.
(2020) Insights into the role of Streptomyces hydrogenans as the plant growth promoter,
photosynthetic pigment enhancer and biocontrol agent against Meloidogyne Incognita
in Solanum lycopersicum seedlings. Plants 9:1109.

Siebold M, von Tiedemann A. (2012) Potential effects of global warming on oilseed rape
pathogens in northern Germany. Fungal Ecol, 5, 62-72.

Valente J, Gerin F, Le Gouis J, Moénne-Loccoz Y, Prigent-Combaret C. (2020) Ancient
wheat varieties have a higher ability to interact with plant growth-promoting
rhizobacteria. Plant Cell Environ Microbiol Rep, 43, 246-260.

West JS, Holdgate S, Townsend JA, Edwards SG, Jennings P, Fitt BD. (2012) Impacts of
changing climate and agronomic factors on fusarium ear blight of wheat in the UK.
Fungal Ecol, 5, 53-61.

Wijekoon, C., & Weerasinghe, V. (2024). Roles of rhizobacteria in cereals. Updates on
Rhizobacteria.

Xu W, Wang K, Wang H, Liu Z, Shi Y, Gao Z, Wang Z. (2020) Evaluation of the biocontrol
potential of Bacillus sp. WB against Fusarium oxysporum f. sp. niveum. Biol Control,
147, 104288.

Zanon MS, Cavaglieri LR, Palazzini JM, Chulze SN, Chiotta ML. (2024) Bacillus velezensis
RC218 and emerging biocontrol agents against Fusarium graminearum and Fusarium
poae in barley: In vitro, greenhouse and field conditions. Int J Food Microbiol, 413,
110580.

778



