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Abstract

Fusarium culmorum (W.G. Smith) is one of the fungal soil-borne plant pathogens causing significant yield and
quality losses in cereals. Chemical attempts are not only insufficient for controlling such pathogens, but also
they bring hazardous effects on the environment and living organisms. Therefore, environment-friendly plant-
beneficial microorganisms including bacteria would replace chemical control agents as promising and sustainable
pest management. Numerous studies showed that some strains of plant growth-promoting rhizobacteria comprising
the enzyme ACC (l-aminocyclopropane-1-carboxylate)-deaminase could promote the plant growth acting as
a biological control agent by lowering the level of excessive ethylene in plants exposed to biotic and abiotic
stresses. This study was aimed to evaluate the rhizobacterial isolates obtained from rhizosphere of cereal plants
in Konya and Karaman provinces in Turkey for potency of enzyme ACC-deaminase activity and in vitro/in vivo
suppression ability on F. culmorum. In total 31 out of 463 rhizobacterial isolates successfully suppressed in vitro
growth of F. culmorum on potato dextrose agar following dual-culture technique. Afterwards, the successful
isolates were examined for ACC-deaminase activity using ACC as the sole nitrogen (N) source. Two isolates coded
as Gu2 and 127b with the highest enzyme ACC-deaminase activity were included in pot trials under controlled
conditions for assessing in vivo pathogen suppression ability on wheat seedlings. The in vivo pathogen suppression
efficiency of Gu2 and 127b isolates was determined as 81.25% and 37.50%, respectively. It was determined that
both rhizobacterial isolates belonged to Bacillus spp. with high reliable score based on MALDI Biotyper System

classification results.
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Introduction

The human population in the world is predicted
to continue to increase. In the next 50 years, it is expected
that the worldwide population growth will be around 10
billion and that of food demand to be between 59-98%.
Consequently, food production will be insufficient to feed
people around the world. Providing adequate food for
the growing world population will not be easy; various
strategies and approaches are needed to be generated. In
order to produce more food, more extensive agricultural
land will be required; the usage of chemicals including
fertilisers and pesticides will increase; the demand for
transgenic products as well as usage of microorganisms
that promote plant growth will rise (Glick, 2014).

Plant growth-promoting rhizobacteria (PGPR)
are a group of beneficial bacteria living in the
rhizosphere, the phyllosphere or in the plant tissues
as entophytes (Ahemad, Kibret, 2014; Miliute et al.,
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2015). The PGPR can promote plant growth by direct
and indirect mechanisms or a combination of both
(Siddikee et al., 2010; Imriz etal., 2014). Indirect
mechanisms comprise the suppression of pathogens
through the production of antibiotics and extracellular
hydrolytic enzymes and the action of siderophores,
inducing systemic resistance (ISR), exo-polysaccharides
production. Direct mechanisms involve making the
natural nutrition source ready to use for plants including
fixation of atmospheric nitrogen, solubilization
of phosphorus, potassium and iron, production of
siderophores, producing phytohormones like auxins,
cytokinins and gibberellins (Ram et al., 2013; Ahemad,
Kibret, 2014) or by the activity of 1-aminocyclopropane-
1-carboxylate (ACC)-deaminase, an enzyme, which
can hinder the “plant stress ethylene” that is typically
raised by a number of environmental stresses such as
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flooding, extreme temperature, the presence of organic
and inorganic toxicants, phytopathogens, drought or high
salt concentrations (Cheng et al., 2007; Glick, 2014;
Gamalero, Glick, 2015).

Ethylene is a crucial plant signalling molecule
with significant roles in many of plant functions such
as seed germination, root growth, root nodulation,
flowering and fructification. However, when the plants
are exposed to biotic or abiotic stressors, the ethylene
hormone is over-synthesised and turns out as “plant
stress ethylene”, which inhibits plant growth and
development. Various fungi and bacteria including PGPR
encode the enzyme ACC-deaminase, which can convert
the ACC, the precursor molecule of ethylene in plants,
to a-ketobutyrate and ammonia and lower the levels of
“plant stress ethylene” caused by many stressors (Cheng
et al., 2007; Singh et al., 2015).

Foot and root rot disease causal organism
Fusarium culmorum (W.G. Smith) is a soil-borne fungal
pathogen limiting winter cereal production in the world
including Turkey (Chekali et al., 2013; Erginbas Orake1
et al., 2018). F. culmorum causing grain yield and quality
losses has a wide range of host plants, mainly cereals,
including wheat, barley, oats, rye, corn, sorghum and
various grasses. The pathogen can survive for long years
at lower temperatures as hyphae in plant residues and as
chlamydospores in the soil matrix. The disease symptoms
on the wheat plant are defined as necrosis and dry rot of
the crown base in brown colour and whitehead formation,
which is most severe, in particular, through the seasons
with a wet start and dry climates (Matny, 2015). The
water deficit in plants followed by limited water supply
significantly increases disease severity in wheat caused
by F. culmorum (Liu, Liu, 2016; Streit et al., 2016).

Moreover, the predicted climatic changes are
expected to affect the pathogen development and survival
rates as well as the host sensitivity against the pathogen
(Elad, Pertot, 2014). In Central Europe, the expected
warmer and more humid conditions will be favourable
for Fusarium species including F. culmorum (Madgwick
et al., 2011; Parikka et al., 2012). It was projected that
with climate change the Fusarium epidemics would be
more severe, especially in southern England, by the 2050s
(Madgwick et al., 2011). Hence, F. culmorum might be a
potentially threat agent with increasing importance for
cereal production in arid and semi-arid regions as well as
in temperate climate countries.

The control of such soil-borne diseases would be
possible by chemicals, e.g., seed applications. Although
chemical protection with fungicides is highly efficient,
they do not control for long and exert hazardous effects
on the environment and living organisms (Wegulo et al.,
2011). As an alternative to synthetic fungicides, biological
control of pathogens including the use of ACC-deaminase
producing plant growth-promoting bacteria has been an
emphasis in the plant protection studies (Glick, 2014).
Pre-treatment of plants with ACC-deaminase containing
plant growth-promoting bacteria can provide significant
protection to plants against some of the ethylene caused
damage from pathogen infection as well as water stress
(Husen et al., 2011; Amutharaj et al., 2012; Nascimento
et al., 2013). However, the available biocontrol agents
in some cases fail in the field. Some factors such as
environmental and ecological factors, formulation type
and application method can affect biocontrol agent
efficacy in the field (Labuschagne et al., 2010). Perhaps,
an isolate bearing the enzyme ACC-deaminase may

provide protection against multiple stress factors that
may be faced through agricultural production.

This study was aimed to evaluate the
rhizobacterial isolates obtained from rhizosphere of
cereal plants in Konya and Karaman provinces in Turkey
for potency of enzyme ACC-deaminase activity and
invitrolin vivo suppression ability on F. culmorum. We
succeeded in getting a bacterial isolate belonging to
Bacillus genera from the wheat rhizospheric soil with
high biocontrol potential for the soil-borne pathogen of
wheat and comprising ACC-deaminase activity, which is
known crucial enzyme having role in promoting plant.
This isolate may be included in combating with multiple
plant stress factors including biotic (e.g., pathogen
attack) and abiotic (e.g., drought and soil salinity).
Hence, the finding of this study is relatively important
for developing novel biocontrol agents to control the
pathogen highly affected by climate change.

Materials and methods

Soil samples and rhizobacterial isolates.
In April-May of 2015-2017, soil samples from the
rhizosphere of cereal plants (wheat and barley) were
collected from all districts of Konya and Karaman
provinces in Turkey, where agricultural activities, in
particular cereal production, are the most intensive. The
samples were carefully collected, labelled and transferred
to the laboratory of Bahri Dagdas International Research
Institute, Turkey in polythene bags through cooling
system. Bacterial isolation was done from the rhizospheric
soil samples by a serial dilution technique (Kusek,
Cinar, 2013) on nutrient agar (Merck, Germany) plates
incubated at 25 + 2°C for 72-96 hours. After incubation
period, every single colony showing morphologically
difference was purified on nutrient agar. Each of purified
bacterial isolate was coded and maintained on nutrient
agar slants at +4°C and 50% glycerol at —20°C.

Screening for in vitro antifungal activity. In vitro
antimicrobial activity of all isolates (Table 1) against
Fusarium culmorum (W.G. Smith) was screened by using
the dual-culture technique on the potato dextrose agar
(PDA) (Merck, Germany). The F. culmorum isolate from
winter wheat (Central Anatolia region of Turkey) was
obtained from Prof. Dr. Berna Tunali’s culture collection.
The isolate was used for both in vitro and in vivo tests.
A 5 mm diameter mycelial disc of F. culmorum culture
(7 days old) was placed on PDA, 2 cm away from the
edge of plate. A loopful of 48 h old bacterial culture
grown in agar medium was streaked on the opposite side
of the plate with three replicates for each of the isolate.
Only sterile distilled water was used instead of bacterial
culture for the control plates. Plates were incubated at 25
+ 2°C for 10 days, when the control was fully covered
by fungi. The inhibition zones were measured in cm, and
inhibition efficiency percentage (%) of fungal growth
was calculated by using the following formula:

(R—1)/R x 100,

where R is radial growth of the pathogen in
control plate, r — radial growth of the fungal colony
interacting with antagonistic bacteria.

Screening  assay  for  enzyme  ACC
(1-aminocyclopropane-1-carboxylate)-deaminase
activity. To obtain ACC (Sigma®) stock solution, 3 mM
ACC was filter sterilised with 0.2 pm membrane filter
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and stored at —20°C until the assays. Before experiments
ACC thawed. The screening for ACC-deaminase activity
assay was performed as defined by Shahzad et al. (2010).
The isolates that showed excellent inhibition on the
hyphal growth of pathogen on PDA were also screened
for the ACC-deaminase activity based on the ability to
use enzyme ACC as a sole nitrogen (N) source. All of
31 rhizobacterial isolates were grown on two N sources:
ACC and (NH,),SO, and one mineral source (MgSO,),
to observe the growth rate of each isolate for ACC. The
isolates were grown in 5 mL of tryptic soy broth (TSB-
Difco™, USA) at 25 + 2°C for 48 h by shaking (100x rpm).

Cultures were diluted 10 times in sterilised
0.1 M MgSO, solution. Primarily, 120 pL of minimal
salt medium (MSM) (Sigma, Germany) was added to
each well in 96-well plate, which was divided into three
parts vertically (4 lanes each section). In the first 4 lanes,
15 uL 0.1 M MgSO, as negative control, and in second 4
lanes, 15 pL 0.1 M (NH,),SO, as positive control, were
added. The wells in the third part of lanes were filled with
15 pL of 3 mM ACC. For inoculation of each well, 15 pL
bacterial culture (~108 cells mL") was used.

Optical density (OD) was measured after 48 h
at 600 nm by a microplate reader Sunrise™ (Tecan,
Switzerland). The OD value of ACC and (NH,),SO, wells
were compared along with MgSO, wells to determine the
ability of bacteria to utilize ACC for their growth. The
rhizobacterial isolates were divided into three groups:
isolates with higher (group H: OD600 > 0.75), medium
(group M: OD600 > 0.75-0.50) and lower (group L:
0OD600 < 0.50) ACC utilization rate depending upon their
OD values at 600 nm for ACC substrate as compared to
(NH,),SO, (Shahzad et al., 2010). For each isolate, two
replicates were applied and the averages were considered
for evaluation. The isolates with a higher ACC utilization
rate had an OD value for ACC substrate wells that were
close to the OD value for wells (NH,),SO, in the first 48
hours of growth. Similarly, isolates with moderate ACC
utilization had a low OD value for ACC wells compared
to (NH,),SO, in the first 48 hours. Isolates with lower
ACC utilization rate possessed the lowest OD value for
ACC wells (near to the OD value of wells for MgSO,) at
the same time.

In vivo experimental design and management.
The rhizobacterial isolates that gave the highest ACC-
deaminase activity were included in the in vivo pot
trials to evaluate their antagonistic efficiencies on wheat
seedlings. For this purpose, the seeds were inoculated
with rhizobacterial isolates (~10% cells mL") and sown
in pots containing soil infested with F. culmorum. The
experiment was carried out in a growth room adjusted to
24 +2°C and 80% relative humidity by using sterile pots,
5 cm in diameter and 25 cm in depth, containing sterile
soil mix (1:1 mix of gardening peat-sand).

In the assay, durum wheat (Triticum durum
Desf.) cultivar ‘Kiziltan-91” was used as it is known as
susceptible to F. culmorum (Arici, 2014). Wheat seeds
were sterilized by dipping in 1% NaOCI for 5 min.
The seeds were then rinsed twice with sterile distilled
water (SDW) and dried. The seeds were inoculated
with rhizobacterial isolates by dipping the seeds in the
bacterial suspensions at a density of ~10® cells mL! and
shaken for 60 min at 80 rpm and then allowed to dry.
For control, the seeds were dipped only in SDW for the
same period. The whole process was carried out under
sterile conditions in this stage.

In order to prepare soil inoculum, Petri
dishes containing PDA were inoculated with a disc of
F. culmorum and incubated for 10 days till macroconidia
sporulation. Ten days old pathogen culture was mashed
with SDW by using a mortar and strained by a sieve.
Conidia concentration of the obtained suspension was
checked under the light microscope by a hematocytometer.
The soil mix was infested with the suspension adjusted
~1 % 10° conidia g of soil (Lemmens et al., 1993). The
rhizobacterial-inoculated seeds were sown immediately
and the pots covered by a polyethene for 48 hours to
provide most favourable humidity conditions for max
pathogen colonization. This experiment was conducted
as positive control (pathogen contaminated soil + SDW
applied wheat seed) and negative control (sterile soil +
SDW applied wheat seed) pots, rhizobacterial application
pots (pathogen contaminated soil + rhizobacterial
contaminated wheat seed) with 8 replications (each
contained two plants) according to the randomized plot
design.

Fifteen days after sowing the seeds, plants
were scored using the 0-3 scale (0 — no disease, 1 —
very slight brown necrosis, 2 — slight / moderate brown
necrosis and 3 — extensive brown-black necrosis) based
on coloured lesion length (cm) on the plants, which is
a typical disease symptom developed by the foot and
root rot pathogen F. culmorum (Arict, 2014). The disease
severity percentage was calculated based on scale values
(Townsend, Heuberger, 1943). The efficiencies of the
rhizobacterial applications were calculated by Abbott
(1925) formula using the means of disease severity in
applications and positive controls:
£(n x V)

Zx N
where n is planted samples in a certain degree of
disease on the scale, V —scale value, Z — the highest scale
value, N — total number of plant samples.

-Y

Disease severity (%) = x 100,

% 100.

Isolate efficiency (%) = =

where X is average disease severity in the
positive control (%), Y — average disease severity of the
applied parcels (%).

Identification of rhizobacterial isolates. The
isolates grouped in group H for ACC substrate utilization
were identified by MALDI Biotyper System (Bruker
Daltonics Inc., USA) through service purchase from
Faculty of Agriculture, University of Mustafa Kemal,
Turkey.

Statistical analysis. Inhibition zone size,
inhibition efficiency data and the in vivo efficiencies
of the isolates were statistically analysed by one-way
analysis of variance (ANOVA) using software package
SPSS (IBM Inc., USA). The means were separated by the
Tukey HSD test (p < 0.05).

Results and discussion

Isolates and in vitro antifungal activity. In
total 463 rhizobacterial isolates were obtained from
215 soil samples collected from the districts of Konya
and Karaman provinces, Turkey. Thirty-one out of 463
isolates exhibited antifungal properties on F. culmorum
growth on PDA with inhibition zones (cm) ranging from
1.10 to 6.25. The codes, locations, host plants of isolates,
in vitro assay data regarding means of inhibition zones
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and efficiency percentages of isolates are summarized F culmorum growth in vitro. There were statistically
in Table 1. Ten isolates (coded as 219b, 233d, 213f, significant differences among the inhibition zone sizes
127b, 95b, 123b, 127a, Gu2, 130a and 95e¢) showed (F=177.332,df=31,P=0.001)and inhibition efficiencies
higher success with efficiencies above 40% to suppress  (F'=230.495, df =31, P =0.001) of the isolates.

Table 1. Antifungal properties of the isolates on Fusarium culmorum

Isolate Location / Host plant Means of inhibition Inhibition
code district of isolate zones cm efficiency %
219b Selguklu wheat 6.25+0.144 a 69.4* £1.60 a
233d Selcuklu wheat 6.10 £ 0.057 a 67.7* £ 0.64 a
213f Kadinham barley 5.90 £ 0.100 a 65.5*+1.11a
127b Iigin wheat 4.75+0.144 b 52.7% +1.60 b
95b Giineysimir wheat 4.75+0.144 b 52.7*+1.60 b
123b Iigin wheat 4.50 +0.000 b 50.0* + 0.00 bc
127a Iigin wheat 4.25+0.144 be 47.2* £ 1.60 bed
Gu2 Cumra wheat 4.10 £ 0.100 bed 45.5*% £ 1.11 cde
130a Aksehir wheat 4.10 = 0.057 bed 45.5% £ 0.64 cde
95e Giineysinir wheat 3.75+0.144 cde 41.6* = 1.60 def
107d Seydisehir wheat 3.50 £ 0.000 def 38.8 £ 0.00 efg
212d Kadinhant barley 3.50 £ 0.000 def 30.0 £0.00 efg
230b Selguklu wheat 3.50 = 0.144 def 38,8 + 1.60 efg

212d/1 Kadmhani barley 3.50 + 0.000 def 38.8 £ 0.00 efg
206a Sarayonil wheat 3.25+0.250 efg 36.1 £2.77 fgh
212x Kadinhani barley 3.25+0.144 efg 36.1 £ 1.60 fgh

233/1c Selguklu wheat 3.25+0.144 efg 36.1 = 1.60 fgh
103b Yalihoyiik wheat 3.00 £ 0.000 fgh 33.3 £ 0.00 ghi
234e Selguklu wheat 2.80+£0.115 gh 31.1 + 1.28 hij
95¢ Giineysinir wheat 2.75 +0.144 ghi 30.5 + 1.60 hijk
206g Sarayonii wheat 2.75 £ 0.144 ghi 30.5 £ 1.60 hijk
97b Bozkir wheat 2.60 + 0.057 hij 28.8 +0.64 ijk
94/1d Glineysinir wheat 2.50 + 0.000 hij 27.7+0.00 ijkl
94/1b Gilineysinir wheat 2.30+0.057 ijk 25.5+0.64 jkl
233a Selguklu wheat 2.25+0.144 jk 25.0 £ 1.60 jkl
103d Yalthoyiik wheat 2.20 + 0.000 jk 24.4 +0.00 kl
94b Glineysinir wheat 2.00 £ 0.000 k 22.2+0.001
211c Kadinhant barley 2.00 + 0.000 k 22.2+0.001
211a Kadinhani barley 2.00+0.120k 22.2+1.331
95d Giineysinir wheat 1.40 £ 0.000 1 15.5£0.00 m
95¢f Gilineysinir wheat 1.10 £ 0.057 m 12.2 £ 0.64 m
Control (F. culmorum) — — 0.00 + 0.000 n 00.0 +0.00 n

Note. Mean + standard deviation; * — the pathogen inhibition efficiencies above 40%; in the columns, values having the same letter
are not statistically different at P < 0.05 (Tukey HSD test).

The superior inhibition zones of isolates 213f, et al. (2014) isolated native bacteria from rhizospheric
233d and 219b are shown in Figure. arid soils and did the first selection based on their
A successful antagonistic agent would be ability to inhibit Fusarium oxysporum and Sclerotinia
selected by in vitro screening as the first stage. El-Sayed ~ sclerotiorum to evaluate for growth-promoting ability

A B

24%2% g)9%

Note. The control Petri dishes completely covered by F. culmorum are on the left and the effective isolates with superior inhibition
zones provided by isolates 213f (A), 233d (B) and 219b (C) are on the right in the pictures; the arrows on the right Petri dishes
indicate the inhibition zones resulting from the interaction between the pathogen and the isolate.

Figure. The in vitro antagonsitic activities of isolates 213f, 233d and 219b
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and antagonistic potential against phytopathogenic
fungi. The literature data indicated that various reasons
for the inhibitory activity of bacteria could be enzymes,
toxic metabolites that can damage the fungal growth via
cellular walls (Wachowska et al., 2017).

ACC-deaminase activity. All of 31 isolates
showing antifungal activity on the growth of pathogen on
PDA were included in ACC-deaminase activity assay. All
isolates with different degrees of efficacy for utilisation
ACC as N source were divided into three groups on the
basis of growth measured as optical density (OD). The
0D, , values of ACC-utilization of isolates ranged from
0.161 to 0.974. As seen in Table 2, the isolates coded as
Gu2 and 127b were grouped in group H with the highest
growth (OD,,, > 0.75). Three isolates 94b, 94/1b and
94/1d were in group M with medium growth (OD,, =
0.75-0.50), while the rest of isolates 219b, 233d, 213f,
95b, 123b, 127a, 130a, 95e, 107d, 230b, 212d, 206a,
212x, 233/1c¢, 103b, 234e, 95c, 206g, 212d/1, 97b, 233a,
103d, 211c, 211a, 95d and 95f were in group L with the
lowest growth (OD,, < 0.50).

Table 2. Isolate groups based on their ACC-deaminase
activity assay

Group H Group M
0OD,,>0.75 OD,,=0.75-0.50 OD,, <0.50

600
219b v
233d v
213f v
127b* v
95b
123b
127a
Gu2* v
130a
95e
107d
230b
212d
206a
212x
233/1c¢
103b
234e
95¢
206g
212d/1
97b
94/1d v
94/1b v
233a
103d
94b v
211c
211a
95d
95f

Group L

Isolate

SN N N N N N N N N N N NN

AN

ASENENEN

* —isolates with the highest optical density (OD,_ ) value

600

In order to screen the ACC-deaminase activity
of bacterial isolates, this method has been successfully
used by many researchers. Our results were in line
with the results of other researchers. Saini and Khanna

(2013) reported that a total of 9 rhizobacterial isolates
belonging to genera Bacillus (6) and Pseudomonas (3),
which were able to utilize ACC as the sole N source, their
ACC-metabolizing rate measured as OD,,, and OD,
ranged 0.54-1.39 and 0.165-1.120, respectively. Bal
etal. (2013) isolated 355 bacteria from the rhizosphere
of rice plants grown in the farmers’ fields in the coastal
rice field soil from five different locations of the Ganjam
district, India. In their study, a bacterial isolate with the
highest ACC-deaminase activity was grouped in Bacillus
genera as a result of phylogenetic analysis. Jacobson
etal. (1994) tested three Pseudomonas strains: P. putida
GR12-2, P. fluorescens 34-13 and P. aeruginosa ATCC
10145, for the ability to utilize ACC as a sole N source
on DF (Dworkin, Foster, 1958) salts minimal medium
supplemented with ACC.

The researchers reported that only P putida
GR12-2 grew well on DF salts minimal medium
supplemented with ACC. The researchers attributed the
substantial growth of P putida GR12-2 on the media
with ACC to the fact that the strain possessed an enzyme
able to hydrolyse ACC.

In vivo efficiencies and identification of
rhizobacterial isolates. Two isolates Gu2 and 127b
with the highest OD value in the ACC-deaminase
activity assay were also tested for their effectiveness
on suppression of F. culmorum in vivo conditions. The
isolates had variable in vivo efficiencies for the pathogen
suppression in pot trials under controlled conditions.
In the trial, all pathogen-infected plants in both
rhizobacterial contaminated and positive control pots
were scored as 3 of scale value as seen in Table 3. Isolate
Gu2 obtained from the wheat rhizosphere in Cumra
district was the most effective one for suppression the
pathogen infection on wheat seedlings with the efficiency
percentage of 81.25 in vivo assay, while the both isolates
highly succeed in suppression of the pathogen in vitro.
The isolate 127b somewhat provided success with an
efficiency percentage of 37.75 on F. culmorum infection
of wheat seedlings. Statistically, there were significant
differences (F = 230.495, df = 31, P = 0.001) among
the isolate efficiencies under in vivo conditions. It was
determined that both isolates belonged to Bacillus genera
by MALDI Biotyper System classification.

The obtained results confirmed the presence of
Bacillus spp. in the soil samples collected at different
locations in Konya and Karaman provinces. Bacteria
from the Bacillus group are microorganisms that inhabit
a large number of different habitats. Bacillus are well
known for their antagonistic effects and their ability
to trigger inducing systemic resistance (Glick, 2014;
Bjelic et al., 2018). The isolates of the genera primarily
characterised by the ability to produce hydrolytic enzymes
such as chitinases, glucanases, cellulases, lipases and
proteases that prevent pathogen infection in the plant by
demolishing the fungal and bacterial cell wall (Altinok
etal., 2013). It is demonstrated that Bacillus isolates may
inhibit the development of F graminearum on wheat
spikes and limit the production of DON mycotoxin
(Palazzini et al., 2011). In their study, an isolate B 1 of
Bacillus sp. had an antagonistic effect on three Fusarium
species.

Nourozian et al. (2006) reported that
Bacillus subtilis isolates were potent antagonists of
F graminearum and pointed out that their metabolites
had a much stronger fungicidal effect inhibiting the
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Table 3. In vivo assay results of the isolates Gu2 and 127b with the highest ACC-deaminase activity on wheat seedlings

for suppressing of Fusarium culmorum

Isolate Number of Number of Scale SZIS:fiie In vivo efficiency
healthy plants diseased plants value VO Y Y %
(V]
Gu2* 13 3 3 18.75 81.25+10.07 a
127b 6 10 3 62.50 37.50+12.50b
Positive control (F. culmorum) 0 16 3 100.00 0.00+0.00 ¢
Negative control 16 0 0 0.00 100.00 + 0.00 a

(sterile distilled water)

Note. * — isolate that provided the highest pathogen control with the efficiency of 81.25%; in the columns, values having the same

letter are not statistically different P < 0.05 (Tukey HSD test).

growth of its colonies by 97% in comparison with the
control. The results presented in this study indicate that
a rhizobacterial isolate Gu2 belonging to Bacillus genera
with ACC-deaminase activity has potential as bio-control
agent against F. culmorum. On the way to achieving a
sturdy biocontrol agent, action mechanisms such as
antimicrobial metabolite production of isolate Gu2 are
necessary to study comprehensively to understand its role
in the control of F. culmorum. Antimicrobial compound
production of Bacillus species is widely known as one
of the most important biocontrol mechanisms (Fan et al.,
2017; Tan et al., 2019).

The wheat production is affected by F
culmorum as the disease severity is gradually increasing
depending on the environmental factors (Liu, Liu, 2016;
Streit etal., 2016). Control of such soil-borne disease
might be possible with a well-featured biocontrol agent.
In our study, a capable bacterial isolate belonging to
Bacillus genera from the wheat rhizospheric soil with
high biocontrol potential for wheat soil-borne pathogen
F culmorum and comprising ACC-deaminase activity
was obtained. This multi-faceted isolate with ACC-
deaminase enzyme activity might be useful in developing
novel inoculants, leading to more efficient biocontrol
strategies to cope with multiple plant stress factors.
Glick (2014) emphasised that the key bacterial trait in
promoting plant growth is the comprising of the enzyme
ACC-deaminase and much more work in both basic and
applied areas needs to be done. By this study, it was
contributed to the point highlighted by the researcher.

The findings obtained from the study give us hope
for developing a good biocontrol agent. Undoubtedly,
further studies should be carried out with the successful
isolate such as its effects under other plant stress factors,
its mechanism of action, its survival in rhizosphere, its
best inoculating method, its multiple stress combatant
ability and combination with other microorganisms for
an accomplished biocontrol agent.

Conclusions

1. In total, 215 soil samples were collected
from the rhizosphere of cereal plants planted in all
districts of Konya and Karaman provinces involved in
intensive cereal production in Turkey. A total of 463
territorial rhizobacterial isolates showing morphological
differences on nutrient agar were obtained from the soil
samples.

2. Thirty one out of 463 isolates exhibited
antifungal properties on Fusarium culmorum growth on

PDA with inhibition zones ranging from 1.10 to 6.25 cm.
Ten isolates: 219b, 233d, 213f, 127b, 95b, 123b, 127a,
Gu2, 130a and 95e, out of 31 showing antifungal activity
exhibited higher success with efficiencies above 40% to
suppress F. culmorum growth in vitro. All isolates with
invitro antifungal activity were obtained from winter
wheat rhizosphere excluding six isolates, which were
isolated from barley rhizosphere.

3. All of 31 isolates showing in vitro inhibition
activity on F. culmorum were assessed for their enzyme
ACC-deaminase activity using ACC as the sole N source
and grouped based on growth measured as optical
density (OD). Among them, two isolates Gu2 and 127b
were grouped in group H with the highest growth (OD,,
> (.75). Three isolates (94b, 94/1b and 94/1d) were in
group M with medium growth (OD, , = 0.75-0.50), while
the rest of isolates (219b, 233d, 213f, 95b, 123b, 127a,
130a, 95e, 107d, 230b, 212d, 206a, 212x, 233/1c, 103D,
234e, 95¢, 206g, 212d/1, 97b, 233a, 103d, 211c, 211a,
95d and 95f) were in group L with the lowest growth
(0D, < 0.50).

4. Two isolates Gu2 and 127b with the highest
OD value in the ACC-deaminase activity assay were
also tested for their effectiveness on suppression of
F. culmorum in wheat seedlings in controlled conditions.
Both isolates Gu2 and 127b suppressed the pathogen
infection on wheat seedlings with the efficiency
percentages of 81.25 and 37.75 in vivo assay, respectively.
It was determined that both belonged to Bacillus genera
by MALDI Biotyper System classification proving the
presence of Bacillus spp. in soil samples collected at
different locations in Konya and Karaman provinces of
Turkey.

5. The isolate Gu2 obtained from winter
wheat rhizosphere in Cumra district exhibited high
performance in the in vitro and in vivo suppression as
well as ACC-deaminase activity assays. Apparently,
its high performance in the control of F. culmorum and
ACC-deaminase activity makes it promising towards
becoming a novel biocontrol agent.

Acknowledgements

We are grateful to Prof. Dr. Ahmet Bayram for
his valuable contributions to statistical analysis, and we
would like to thank Mrs. Giilay Giirkan who worked in
our team temporarily for her helpfulness and enthusiasm.

Received 05 04 2019
Accepted 17 01 2020



ISSN 1392-3196

Zemdirbyste-Agriculture

Vol. 107, No. 2 (2020) 111

10.

11.

12.

13.

14.

15.

16.

References

Abbott W. S. 1925. A method of computing the effectiveness
of an insecticide. Journal of Economic Entomology,
18: 265-267. https://doi.org/10.1093/jee/18.2.265a
Ahemad M., Kibret M. 2014. Mechanisms and applications
of plant growth promoting rhizobacteria: current
perspective. Journal of King Saud University — Science,
26 (1): 1-20. https://doi.org/10.1016/j.jksus.2013.05.001
Altinok H. H., Dikilitas M., Yildiz H. N. 2013. Potential
of Pseudomonas and Bacillus isolates as biocontrol agents
against Fusarium wilt of eggplant. Biotechnology and
Biotechnological Equipment, 27 (4): 3952-3958.
https://doi.org/10.5504/BBEQ.2013.0047

Amutharaj P., Sekar C., Natheer S. E. 2012. Intergeneric
microbial coaggregates: bioinoculation effect of ACC
deaminase positive wild type strains of Pseuodomonas and
Paenibacillus, as coaggregates, on the maximization of
ISR against Pyriculariaoryzae in upland rice cv. ASD-19.
CIBTech Journal of Microbiology, 1: 57-66.

Arict E. 2014. Screening of wheat varieties for their
susceptibility against Fusarium crown rot, Journal of Food.
Agriculture and Environment, 10 (3—4): 404-408.

Bal H. B., Das S., Dangar T. K., Adhya T. K. 2013. ACC
deaminase and IAA producing growth promoting bacteria
from the rhizosphere soil of tropical rice plants. Journal of
Basic Microbiology, 53: 972-984.
https://doi.org/10.1002/jobm.201200445

Bjelic D., Ignjatov M., Marinkovic J., Milosevic D.,
Nikolic Z., Gvozdanovic-Varga J., Karaman M. 2018.
Bacillus isolates as potential biocontrol agents of Fusarium
clove rot of garlic. Zemdirbyste-Agriculture, 105 (4):
369-376. https://doi.org/10.13080/z-2.2018.105.047
Chekali S., Gargouri S., Berraies S., Gharbi M. S.,
Nicol M. J., Nasraoui B. 2013. Impact of Fusarium foot
and root rot on yield of cereals in Tunisia. Tunisian Journal
of Plant Protection, 8: 75-86.

Cheng Z., Park E., Glick B. R. 2007. 1-Aminocyclopropane-
1-carboxylate deaminase from Pseudomonas putida UW4
facilitates the growth of canola in the presence of salt.
Canadian Journal of Microbiology, 53: 912-918.
https://doi.org/10.1139/W07-050

Dworkin M., Foster J. W. 1958. Experiments with some
microorganisms which utilize ethane and hydrogen. Journal
of Bacteriology, 75: 592—601.
https://doi.org/10.1128/1B.75.5.592-603.1958

Elad Y., Pertot I. 2014. Climate change impacts on plant
pathogens and plant diseases. Journal of Crop Improvement,
28 (1): 99-139.
https://doi.org/10.1080/15427528.2014.865412

El-Sayed W. S., Akhkha A., El-Naggar M. Y., Elbadry M.
2014. In vitro antagonistic activity, plant growth promoting
traits and phylogenetic affiliation of rhizobacteria
associated with wild plants grown in arid soil. Frontiers in
Microbiology, 5: 651.
https://doi.org/10.3389/fmicb.2014.00651

Erginbag Orak¢1 G., Morgounov A., Dababat A. A. 2018.
Determination of resistance in winter wheat genotypes to
the dryland root rots caused by Fusarium culmorum in
Turkey. International Journal of Agriculture and Wildlife
Science (IJAWS), 4 (2): 193-202.
https://doi.org/10.24180/ijaws.414501

Fan H. Y., Ru J. J., Zhang, Y.Y., Wang Q., Li Y. 2017.
Fengycin produced by Bacillus subtilis 9407 plays a
major role in the biocontrol of apple ring rot disease.
Microbiological Research, 199: 89-97.
https://doi.org/10.1016/j.micres.2017.03.004

Gamalero E., Glick B. R. 2015. Bacterial modulation of
plant ethylene levels. Plant Physiology, 169: 13-22.
https://doi.org/10.1104/pp.15.00284

Glick B. R. 2014. Bacteria with ACC deaminase can
promote plant growth and help to feed the world.
Microbiological Research, 169: 30-39.
https://doi.org/10.1016/j.micres.2013.09.009

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Husen E., Wahyudi A. T., Suwanto A., Giyanto G. 2011.
Growth enhancement and disease reduction of soybean by
1-aminocyclopropane-1-carboxylate deaminase-producing
Pseudomonas. American Journal of Applied Sciences,
8: 1073-1080.
https://doi.org/10.3844/ajassp.2011.1073.1080

Imriz G., Ozdemir F., Topal 1., Ercan B., Tas M. N,
Yakisir E., Okur O. 2014. The role of plant growth
promoting rhizobacteria (PGPR) in plant production and
mechanisms of their action. Elektronik Mikrobiyoloji
Dergisi, 12 (2): 1-19 (in Turkish).

Jacobson C. B., Pasternak J. J., Glick B. R. 1994. Partial
purification and characterization of 1-aminocyclopropane-
1-carboxylate deaminase from the plant growth promoting
rhizobacterium Pseudomonas putida GR 12-2. Canadian
Journal of Microbiology, 40: 1019-1025.
https://doi.org/10.1139/m94-162

Kusek M., Cinar O. 2013. Biological control of grapewine
crown gall disease agent Agrobacterium vitis by using
plant growth promoting rhizobacteria. Turkiye Biyolojik
Mucadele Dergisi, 3 (1): 21-36 (in Turkish).

Labuschagne N., Pretorius T., Idris A. H. 2010. Plant
growth promoting rhizobacteria as biocontrol agents
against soil-borne plant diseases. Maheshwari D. K. (ed.).
Plant growth and health promoting bacteria. Springer,
p. 212-226. https://doi.org/10.1007/978-3-642-13612-2 9
Lemmens M., Biirstmayr H., Ruckenbauer P. 1993.
Variation in Fusarium head blight susceptibility of
international and Austrian wheat breeding material. Die
Bodenkultur, 44: 65-78.

Liu X., Liu C. 2016. Effects of drought-stress on Fusarium
crown rot development in barley. PLoS ONE, 11 (12):
¢0167304. https://doi.org/10.1371/journal.pone.0167304
Madgwick J. W., West J. S., White R. P., Semenov M. A,
Townsend J. A., Turner J. A., Fitt B. D. L. 2011. Impacts of
climate change on wheat anthesis and Fusarium ear blight
in the UK. European Journal of Plant Pathology, 130 (1):
117-131. https://doi.org/10.1007/s10658-010-9739-1
Matny O. N. 2015. Fusarium head blight and crown rot
on wheat and barley: losses and health risks. Advances in
Plants and Agriculture Research, 2 (1): 00039.
https://doi.org/10.15406/apar.2015.02.00039

Miliute 1., Buzaite O., Baniulis D., Stanys V. 2015.
Bacterial endophytes in agricultural crops and their role in
stress tolerance: a review. Zemdirbyste-Agriculture, 102
(4): 465-478. https://doi.org/10.13080/z-2.2015.102.060
Nascimento F. X., Vicente C. S. L., Barbosa P., Espada M.,
Glick B. R., Oliveira S., Mota M. 2013. The use of the ACC
deaminase producing bacterium Pseudomonas putida UW4
as a biocontrol agent for pine wilt disease. Biocontrol, 8:
427-433. https://doi.org/10.1007/s10526-012-9500-0
Nourozian J., Etebarian H. R., Khodakaramian G. 2006.
Biological control of Fusarium graminearum on wheat by
antagonistic bacteria. Journal of Science and Technology,
28 (1): 29.

Palazzini J. M., Ramirez M. L., Torres A. M., Chulze S. N.
2011. Potential biocontrol agents for Fusarium Head Blight
and deoxynivalenol production in wheat. Crop Protection,
26: 1702. https://doi.org/10.1016/j.cropro.2007.03.004
Parikka P., Hakala K., Tiilikkala K. 2012. Expected shifts
in Fusarium species’ composition on cereal grain in
Northern Europe due to climatic change. Food Additives
and Contaminants: Part A, 29 (10): 1543—-1455.
https://doi.org/10.1080/19440049.2012.680613

Ram R. L., Maji C., Bindroo B. B. 2013. Role of PGPR in
different crops-an overview. Indian Journal of Sericulture,
52 (1): 1-13.

Saini P., Khanna V. 2013. Preliminary screening for
ACC-deaminase production by plant growth promoting
rhizobacteria. Journal of Pure and Applied Microbiology,
7 (1): 573-576.


https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1016/j.jksus.2013.05.001
https://doi.org/10.5504/BBEQ.2013.0047
https://doi.org/10.1002/jobm.201200445
https://doi.org/10.13080/z-a.2018.105.047
https://doi.org/10.1139/W07-050
https://doi.org/10.1128/JB.75.5.592-603.1958
https://doi.org/10.1080/15427528.2014.865412
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255609/
https://doi.org/10.3389/fmicb.2014.00651
https://doi.org/10.24180/ijaws.414501
https://doi.org/10.1016/j.micres.2017.03.004
https://doi.org/10.1104/pp.15.00284
https://doi.org/10.1016/j.micres.2013.09.009
https://doi.org/10.3844/ajassp.2011.1073.1080
https://doi.org/10.1139/m94-162
https://doi.org/10.1007/978-3-642-13612-2_9
https://doi.org/10.1371/journal.pone.0167304
https://doi.org/10.1007/s10658-010-9739-1
https://doi.org/10.15406/apar.2015.02.00039
https://doi.org/10.13080/z-a.2015.102.060
https://doi.org/10.1007/s10526-012-9500-0
https://doi.org/10.1016/j.cropro.2007.03.004
https://doi.org/10.1080/19440049.2012.680613

Biological control potential of rhizosphere bacteria with

112 ACC-deaminase activity against Fusarium culmorum in wheat

33. Shahzad S. M., Khalid A., Arshad M., Kalil-ur-Rehman.  37. Tan T., Zhu J., Shen A., Li J., Yu Y., Zhang M., Zhao M.,
2010. Screening rhizobacteria containing ACC-deaminase LiZ., Chen J. Gao C., Cheng Y., Guo L., Yan L., Sun X.,
for growth promotion of chickpea seedlings under axenic Zeng L., Yan Z. 2019. Isolation and identification of a
conditions. Soil and Environment, 29 (1): 38-46. Bacillus subtilis HZ-72 exhibiting biocontrol activity

34. Siddikee M. A., Chauhan P. S., Anandham R., Han G. H., against flax seedling blight. European Journal of Plant
Sa T. 2010. Isolation, characterization, and use for plant Pathology, 153 (3): 825-836.
growth promotion under salt stress, of ACC deaminase- https://doi.org/10.1007/s10658-018-1595-4
producing halotolerant bacteria derived from coastal soil. ~ 38. Townsend G. R., Heuberger J. W. 1943. Methods
Journal of Microbiology and Biotechnology, 20: 1577-1584. for estimating losses caused by diseases in fungicide
https://doi.org/10.4014/jmb.1007.07011 experiments. The Plant Disease Reporter, 27: 340-343.

35. Singh R. P, Shelke G. M., Kumar A., Jha P. N. 2015.  39. Wachowska U., Packa D., Wiwart M. 2017. Microbial
Biochemistry and genetics of ACC deaminase: a weapon inhibition of Fusarium pathogens and biological
to “stress ethylene” produced in plants. Frontiers in modification of trichothecenes in cereal grains. Toxins,
Microbiology, 6: 937. 9: 408. https://doi.org/10.3390/toxins9120408
https://doi.org/10.3389/fmicb.2015.01255 40. Wegulo S. N., Bockus W. W., Nopsa J. H., Wolf E. D.,

36. Streit S., von Tiedemann A., Winter M. 2016. Impact of Eskridge K. M., Peiris K. H. S., Dowell F. E. 2011. Effects
drought stress on wheat (Triticumaestivum L.) root and stem of integrating cultivar resistance and fungicide application
base infections with Fusarium culmorum. Proceedings of on Fusarium head blight and deoxynivalenol in winter
conference 2016 National Fusarium Head Blight Forum. wheat. Plant Disease, 95 (5): 554.

St. Louis, USA, p. 62. https://doi.org/10.1094/PDIS-07-10-0495

ISSN 1392-3196 / e-ISSN 2335-8947
Zemdirbyste-Agriculture, vol. 107, No. 2 (2020), p. 105-112
DOI 10.13080/z-2.2020.107.014

Rizosferos bakterijuy, pasiZyminciy fermento
ACC-deaminazés aktyvumu, Fusarium culmorum
biologinés kontrolés kvieCiuose galimybés

G. Imriz', F. Ozdemir?, M. S. Karaca?, M. N. Tas?, 1. Topal?, B. Ercan?

'Dicle universiteto Zemés tikio fakultetas, Turkija
2Bahri Dagdas tarptautinis zemés tikio tyrimy institutas, Turkija

Santrauka

Fusarium culmorum (W.G. Smith) yra vienas i§ grybiniy dirvoZemyje esan¢iy augaly patogeny, dél kurio patiriami
nemazi javy derliaus ir kokybés nuostoliai. Tokiems patogenams kontroliuoti nepakanka vien cheminiy priemoniy,
be to, jy taikymas yra Zalingas aplinkai ir gyviems organizmams. Todél chemines kontrolés priemones galéty
pakeisti aplinkai nekenkiantys, augalams naudingi mikroorganizmai, taip pat ir bakterijos. Daugelio kity tyrimy
duomenys atskleidé, kad kai kurie augaly augima skatinanCiy rizobakterijy kamienai, turinys fermenta ACC
(1-aminocyclopropan-1-karboksilate)-deaminazg, galéty veikti kaip biologinés kontrolés priemonés, mazinancios
perteklinj metileno kiekj augaluose, veikiamuose biotinio ir abiotinio streso arba abiejy stresy tuo paciu metu.
Siekiant nustatyti fermento ACC-deaminazés aktyvuma ir F. culmorum slopinimo in vitro / in vivo galimybes,
tyrimo metu vertinti rizobakterijy izoliatai, gauti i§ javy augaly rizosferos Turkijos Konya ir Karaman provincijose.
Taikant dvigubos kultiiros metoda i§ 463 tirty rizobakteriniy izoliaty F. culmorum augimg ant bulviy dekstrozés
agaro in vitro sékmingai slopino 31 izoliatas. Po to efektyvils izoliatai buvo tirti dél fermento ACC-deaminazés
aktyvumo, naudojant ACC kaip vienintelj azoto (N) Saltinj. Siekiant jvertinti in vivo patogeny slopinimo galimybes
kvieciy daiguose, du izoliatai Gu2 ir 127b, pasizymintys didziausiu fermento ACC-deaminazés aktyvumu, buvo tirti
vegetaciniuose bandymuose kontroliuojamomis sglygomis. Izoliaty Gu2 ir 127b patogeny slopinimo efektyvumas
in vivo buvo atitinkamai 81,25 ir 37,50 %. Remiantis MALDI Biotyper sistemos klasifikavimo rezultatais nustatyta,
kad abu rizobiniai izoliatai priklauso Bacillus spp.

ReikSminiai zodziai: dirvozemis, fermentas, kontrolé, kvieciai, patogenas, rizobakterijos.
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