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IN VITRO EFFECT OF BACILLUS SPP. ON
ALTERNARIA ALTERNATA INFECTING WHEAT

ABSTRACT: Species of the genus Alternaria are significant wheat contaminants
during production, transport and storage, requiring biocontrol measures which typically rely on
the bacteria from the Bacillus genera. As these are among the most beneficial and exploited
biocontrol agents, in this study, the inhibitory activity of indigenous Bacillus spp. was as-
sessed against the Alternaria alternata isolate originating from the wheat seed. Two of the
fifteen Bacillus spp. included in the study showed the inhibitory effect. Specifically,
25.0—55.0% inhibition of 4. alternata growth was achieved when the isolate coded as NB11
was applied in 10°-10° cells mL™! concentrations. On the other hand, when applied in 10’-10°
cells mL™' concentrations, the isolate coded as NB16 inhibited 4. alternata growth by
35.2-51.1%, but was ineffective at lower concentrations. Thus, these in vitro assays indicate
that both Bacillus spp. (NB11 and NB16) isolated from the wheat rhizosphere can be applied
in practice in the control of 4. alternata.

KEYWORDS: wheat, pathogen, biological control

INTRODUCTION

Cereals are highly important for human consumption due to which they

are the most prevalent culture. They form the base of the food pyramid in both

* Corresponding author. E-mail: ferenc.bagi@polj.edu.rs
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developed countries as well as countries in transition (Brki¢ et al., 2021). In
Serbia, wheat production volume is second only to corn, while globally wheat
is the third most widely produced grain (Jani¢ Hajnal et al., 2014). Although
there are many species of wheat, which make up the genus 7riticum, common
wheat (7. aestivum) is the most widespread.

From seed germination to harvest, wheat can be attacked by a number of
fungi, which can significantly reduce the yield and crop quality under certain
weather conditions (Perell6 & Larran, 2013). Due to evident climate changes
and global warming and their adverse influence on the agricultural environ-
ment, occurrences of mycotoxigenic fungi on wheat are becoming more fre-
quent. This not only exerts a negative impact on the safety and quality of food
products, but also inevitably leads to large economic losses (Jani¢ Hajnal et
al., 2014).

Phytopathogenic fungi from the genus Alternaria are significant con-
taminants of cereals that—in addition to producing mycotoxins and causing
damage to the field—can cause product spoilage during processing, transport
and storage. As a result, diseases caused by Alternaria sp. are among the most
common and most researched crop diseases throughout the world (Perello &
Larran, 2013). Among the Alternaria species, A. alternata is considered the
most dominant mycotoxin-producing species associated with black spot, early
blight disease and stem canker in cereal grains (Kumar et al., 2022). Although
the Alternaria species produces more than 70 secondary metabolites, only a
few phytotoxins have been chemically characterised and reported to act as
mycotoxins in humans and animals (Jani¢ Hajnal et al., 2014). Under favour-
able conditions, the most important mycotoxins produced by A. alternata are
alternariol (AOH), alternariol monomethyl ether (AME) and tenuazonic acid
(TA) (Somma et al., 2019). The occurrence of these metabolites in food repre-
sents a serious global problem for human and animal health due to their toxic
effects.

To mitigate this issue, fungicides are usually utilised in agricultural prac-
tice, whereby different chemical fungicides are adopted as a means of wheat
pathogen control (Casa et al., 2012). However, integrated pest management
programs (IPMs) are being increasingly employed in the agricultural sector,
with the emphasis on the use of biological products as an environmentally
friendly pathogen control strategy. In this context, Bacillus species have been
shown to be promising biological control agents (Beri¢ et al., 2012; Gond et
al., 2015; Markovi¢ et al., 2020, 2023; Jelusi¢ et al., 2021; Ili¢i¢ et al., 2022;
Soliman et al., 2023). They exhibit multiple modes of action and produce a
wide range of biologically active compounds with antifungal potential, making
them suitable for controlling different diseases.

Guided by this evidence, the aim of this study was to utilise in vitro assays
in order to determine the biocontrol potential of indigenous Bacillus species
isolated from wheat rhizosphere in the control of 4. alternata.
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MATERIAL AND METHODS
Isolation of antagonistic bacteria

Isolation of the potential antagonistic bacteria was performed from the
soil samples collected in the wheat rhizosphere (locality Rimski Sanéevi) ac-
cording to the procedure described by Beri¢ et al. (2012). Bacillus-like colonies
that developed after 24" incubation at 30 °C were selected, purified and main-
tained in sterile LB (Luria Bertani) glycerol at -20 °C. Flfteen isolates were
subsequently subjected to morphological and biochemical tests (Gram staining,
spore formation, catalase production, glucose fermentation, starch hydrolysis
and growth on 5% NaCl).

Antagonistic activity of the selected Bacillus species on
the Alternaria alternata isolates from wheat

One isolate of A. alternata (SOR1IIIZAL1) originating from wheat seed in
Vojvodina Province was used in testing. This isolate was grown at 25 °C on
PDA (Potato-Dextrose Agar) in Petri plates (¢ 90 mm) for 10 days.

Antagonistic activity of the fifteen selected Bacillus spp. isolates (coded
as NB1-9 and NB11-16) against the 4. alternata was determined using the dual
culture method. Agar discs (¢ 7 mm) of the tested fungi pathogen isolate were
placed in the centre of PDA plates (¢ 90 mm). Drops (8 pl in Volume) of bacte-
rial suspensions of appropriate Bacillus spp. isolate adjusted to 10°, 107, 10
and 10” cells mL™" were placed on four sides near the edge of the Petri plates
Petri dishes were kept at a constant temperature (25 °C) for seven days. The
assay was set in three replications and sterile distilled water served as a control
treatment. All experiments were performed twice.

In order to quantify the antagonistic potential of Bacillus spp. isolates,
the pathogen growth area was measured after 7 days of incubation at 25 °C,
and the percent of inhibition was calculated using the formula given by Zarrin
et al. (2009). The results were subjected to analysis of variance (ANOVA),
whereby Duncan’s Multiple Range Test (p < 0.01) was performed for assessing
the differences between means related to different treatments.

RESULTS AND DISCUSSION

While all wheat pathogens have the capacity to significantly reduce yield
quantity and seed quality, fungi from the Alternaria genus are particularly
harmful as they can compromise food safety due to their toxin-producing
potential (Bagi et al., 2022). Consequently, in wheat production, seed and plant
treatments are regularly implemented during the vegetation phase. However,
there is increased concern about the application of synthetic pesticides, prompting
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research into less harmful alternatives (Moumni et al., 2023). In this context,
focus is primarily given to the implementation of beneficial microorganisms,
such as biological control agents from Bacillus genera, which have been used
in experimental tests on a wide range of economically important crops (Slama
et al., 2019; Wang et al., 2021; Rabbee et al., 2022).

This study contributes to this research endeavour by evaluating the antago-
nistic potential of 15 Bacillus isolates from the wheat rhizosphere, which were
selected as promising biological control agents in the control of A. alternata
originating from wheat. The antagonistic activity testing results indicated that
two Bacillus spp. (coded as NB11 and NB16) exhibit a strong inhibitory effect
against wheat pathogen A. alternata. Based on the results obtained using the dual
culture method, isolate NB11 achieved 25.0—55.0% inhibition of A. alternata
growth, depending on the applied concentration (Table 1). As shown in Figure 1,
this Bacillus spp. isolate showed antagonistic potential against 4. alternata at
the lowest tested concentration (10° cells mL™) with a rated inhibition of 25.0%,
which increased to 38.9%, 47.2% and 55.0% at 107, 10® and 10° cells mL", re-
spectively. On the other hand, the Bacillus isolate coded as NB16 was ineffective
at 10° cells mL™', but when applied at the three higher concentrations it inhibited
A. alternata growth by 35.2%, 43.7% and 51.1%, respectively (Table 2).

Figure 1. Antagonistic activity of the Bacillus isolate NB11 against A. alternata
originating from wheat seed in dual culture, in two of the four tested concentrations:
(a) 10° cells mL™" and (b) and 10° cells mL™".
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Table 1. The inhibitory effect of the Bacillus isolate NB11 on the pathogenic fungi 4.
alternata

Treatment Concentration Mycelium growth Mean |Inhibition| Sd
(cells mL™) (diameter in mm) (mm) (%)
Replications
1 11 111
Bacillus NB11 10° 65 67.5 70 67.5¢ 25.0 2.04
107 50 55 60 55.0° 38.9 4.08
10 45 50 475 | 415" 47.2 2.04
10° 45 39 37.5 40.5% 55.0 3.24
Negative control — 90 90 90 90.0¢ 0 0

Sd — standard deviation; ¥*Mean values of inhibition zone diameters are shown. Values
followed by the same letter are not significantly different (p < 0.01) according to Duncan’s
multiple range test results.

Table 2. The inhibitory effects of the Bacillus isolate NB16 on the pathogenic fungi 4.
alternata

Treatment Concentration Mycelium growth Mean |Inhibition| Sd
(cells mL™) (diameter in mm) (mm) (%)
Replications
I 11 111

Bacillus NB16 10° 90 90 90 90.0¢ 0 0
107 55 60 60 58.3¢ 35.2 2.35
108 51 52 49 50.7° 43.7 1.24
10° 45 45 42 44.0° 51.1 1.41

Negative control — 90 90 90 90.0¢ 0 0

Sd — standard deviation; *Mean values of inhibition zone diameters are shown. Values
followed by the same letter are not significantly different (p < 0.01) according to Duncan’s
multiple range test results.

The inhibitory activity of Bacillus species against different phytopatho-
gens has been demonstrated in numerous in vitro, in vivo and in planta trials,
providing evidence in support of their potential use as biocontrol agents and
plant growth promoters (Slama et al., 2019; Brzezinska et al., 2020; Wang et al.,
2021; Soliman et al., 2023). Bacillus spp. produces a variety of biologically
active compounds involved in the biocontrol of plant pathogens (Prasad et al.,
2023). For example, Abdelmoteleb et al. (2017) reported that B. subtilis produce
three mucolytic enzymes which cause damage to the hypha of A. alternata,
Botrytis cinerea, Colletotrichum gloeosporioides, Macrophomina sp. and Scle-
rotium rolfesii. More recently, Brzezinska et al. (2020) conducted a study on
B. subtilis and Bacillus sp. and demonstrated that chitinases inhibited the
growth of 4. alternata and Fusarium oxysporum. In the same study, the isolates
showed the ability to produce a broad range of biological substances that pro-
mote plant growth.
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The present study shows that two indigenous isolates of Bacillus have a
strong biocontrol potential and could be used to control Alternaria disease in
wheat. Further research should thus incorporate in vitro and in planta testing
to determine their efficacy and potential use as biocontrol agents and plant
growth promoters.

CONCLUSION

The results obtained as a part of this work indicate that the applied treat-
ments based on two indigenous Bacillus spp. are effective in 4. alternata
control and should be subjected to further trials on wheat in different stages
of development.
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YTUITAJ BACILLUS SPP. HA TIATOI'EHA ITIIEHUITE
ALTERNARIA ALTERNATA W IN VITRO YCJIOBHMA

Oepenn O. BATU', Penata M. MWJINMYU'R', Buna C. KOHCTAHTUH!,
Hemama C. TABKOBUR!, TIpeapar M. MUJIOBAHOBUR?,
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! Yausepsuter y Hosom Cany, [Tomonpuspenuu daxyirer,
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3 IHCTHTYT 32 3aIITUTY OMJba U )KHUBOTHY CPEIHHY,

Teomopa [pajzepa 9, beorpan 11040, Cpouja

PE3UME: Bpcre pona Alternaria cy 3HauajH¥ MATOreHH IMIICHUIE TOKOM IPO-
W3BOJIbE, TPAHCIIOPTA U CKJIaININTeHa. bakrepuje u3 pona Bacillus cmatpajy ce jen-
HUM OJf HQjKOPUCHHJUX W HajUCKOpUITheHUjUX cpencTaBa 3a OHOKOHTpoIy. CXOqHO
TOME, Y OBOj CTYIMj1 HHXHUOUTOPHA aKTUBHOCT ayTOXTOHUX Bacillus spp. je ucnurana
npema Alternaria alternata n301aTy IIOPEKIJIOM ca CEMEHA MIICHHUIE. [[Ba o7 meTHaecT
onabpanux Bacillus spp. cy ucnospuinu uHXuOuTopHu edekar 1j. uzonar NB11 nocru-
rao je uHXuOHuuHujy pacta A. alternata on 25,0-55,0% y npruMemeHUM KOHLEHTpalHja-
ma ozt 10° i 10° henmja/ml, pecniextusro. M3onar NB16 unxuéupao je pact 4. alternata
y oncery on 35,2-51,1% y TecTupanum KonuenTpanujama o 107 u 10° henuja/ml,
PECNEKTHBHO, ajii HHje 3a0eiekeHa MHXUOUIM]a MPU HaJHUIKO] KOHIIEHTPAIIH]H Off
10° henuja/ml. O6a Bacillus spp. NB11 u NB16 usonosanu u3 pusocdepe MiieHuIe,
npejcraBibajy ooehapajyhe arence 6uosnonike KoHTpose A. alternata ca cemeHa miie-
HUIE Y i ViIro TECTOBUMA.

KJbYYHE PEYM: nimenwnria, naroreH, 6HOIOMIKA KOHTPOJIA
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