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Abstract

Grass growing areas are spread all over of the world. Fusarium species are considered as main pathogenic fungi in the
grasslands. The purpose of the present study was to evaluate the antagonistic activity of different bacterial isolates obtained
from grasses rhizosphere against Fusarium solani, the causal agent of grass root and crown rot disease. Fusarium solani
was isolated from infected grass plants in Qom province, central Iran. Pathogenicity of the fungal isolates was confirmed on
the grass seedlings in greenhouse conditions. Thirty-seven rhizobacterial strains were isolated from healthy grasses in the
same areas where fungal pathogen was isolated. Dual culture test was conducted between all the rizobacteria and Fusarium
solani strains in vitro. Among the 37 bacterial strains, two strains including EMJ2 and EMJ7 showed the best antagonistic
activity of 98.2% and 46.4% inhibitor, respectively, against fungal strains in vitro. Based on the biochemical and phylogenetic
analyses, EMJ2 and EMJ7 strains were identified as Pseudomonas chlororaphis and P. putida, respectively. The later can be
considered as biocontrol agents against the grass root and crown rot disease in upcoming studies.
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Introduction

Grasslands have extensively developed during the
recent decades in Iran. (Kafi and Kaviani, 2001). The
narrow-leaf plants that are planted as grass are of millet
or grains species and are divided into two groups of cold
and warm season grasses. In Iran, Baren Burg class
grasses are mainly grown in urban areas and sport
complexes (Anonymous, 2004). Due to the high cost of
establishment and preservation of grasses, knowledge
from the grass diseases and managing them is of high
importance. Pathogenic fungi including Fusarium sp.,
Pythium sp., Rhizoctonia sp. and Bipolaris sp. are
common constraints on grass plants (Smiley et al., 1992).
However, among them, Fusarium species are considered
the most destructive pathogens as the causal agents leaf
spot and blight at the aerial parts and root rot in grass
plants (Smiley and Thompson, 1985). Fusarium species
have also been frequently involved in seedling diseases
(Smiley et al., 1992).

Regarding the principles of sustainable agriculture in
urban areas, biological control of plant diseases in
*Author for correspondence : E-mail: sh_riahinia@yahoo.com

grassland are of high interest in the recent years. Bacteria
in the rhizosphere region have reported to control fungal
diseases such as Phytophthora root rot (Muthuraju et
al., 2006). Furthermore, Fusarium solani, F. oxysporum
and F. moniliforme have successfully controlled using
the rhizobacterial strains (Gond et al., 2015 and Kim et
al., 2015).

Fusarium species are among soil-borne fungi that
can cause diseases in various products. Several attempts
have been made to develop sustainable methods based
on the biological control of these fungi (Papavizas, 1985).
On the other hand, the concerns associated with
increased use of pesticides are growing (Curtis, 1995).
The use of biological control methods can be an
appropriate alternative for the traditional methods of plant
disease control (Mercado-Blanco and Lgtenberg, 2014;
Hardoim et al., 2008). Bacteria such as Pseudomonas
spp. and Bacillus spp. are among the best soil
microorganisms that are considered in the biological control
on a wide range of plant diseases (Umashankar et al.,
2010). For instance, F. oxysporumf. sp. cubense and Fusarium
graminearum were successfully subsided by antagonistic
bacteria (Aparna and pious, 2015; Jocham et al., 2006).
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This purpose of the present study was to evaluate
rhizobacterial strains isolated from grass rhizosphere to
biologically control the grass root and crown rot disease
caused by F. solani.

Materials and Methods

Sampling, isolation and purification of pathogenic
fungi

Surveys were conducted in various grassland areas
where suspected to be infected by the crown and root
rot pathogen in Qom province, central Iran. Grass roots,
crowns and leaves were surface sterilized by dipping into
0.5% sodium hypochlorite for 20 seconds followed by
two to three rinses in sterile distilled water (SDW). Small
pieces of tissues were cut with a sterile scalpel and spotted
on PDA medium Nash-snyder (Burgress et al., 1994).
The plates were incubated at 25-27°C for 3-7 days and
examined for the growth of fungal mycelia. Pure cultures
of fungal mycelia were obtained by serial dilution method.
A piece of culture medium along with the fungal mycelia
were suspended in 20 ml SDW. The resulted suspension
was serially diluted until 10 and 100 pl of the last dilution
was spread on a water agar medium. The grown tips
from a single spore were transferred onto a PDA medium
and maintained to be used. In order to produce
Sprodoxume, CLA medium and agar clove leaves (Fisher
et al., 1982) were used.

Identification of fungal pathogen

In order to identify the fungal species, a single-spore
pure culture of all isolates was sub-cultured on PDA
medium to determine the morphological characteristics,
as well as the features of macro conidia and micro
conidia. Further morphological characteristics such as
the conidiophore length, presence of false heads or chains
of micro conidia on monophialides or polyphialides were
determined as described in the literature (Leslie, 2006).
Eventually, to identify the Fusarium species illustrated
keys (Summerell Burgress et al., 1994; Nelson et al.,
1983) were used.

Pathogenicity test

Pathogenicity test of fungal isolates were conducted
on commercial grass seed lot BARENBRUG® (the
Netherlands). For this purpose, the seeds were surface
sterilized with sodium Hypocrite and washed with sterile
distilled water. Seeds were grown in 20cm diameter pots
and they were maintained in the greenhouse at ambient
conditions (25-28°C, 14 h., natural light). The spore
suspension of the representative isolates were prepared
from 5 days old culture on PDA medium. Totally ten
plants were inoculated with each fungal isolate. The same
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numbers were considered as control plants and treated
in the same manner, except DSW was used instead of
the spore suspension. Koch’s postulates were
accomplished by re-isolating the inoculated fungal isolates
on PDA, from the inoculated plants showing symptoms.
Confirmation of the re-isolated fungi was made using the
morphological method as described above.

Isolation of antagonistic bacteria from the
rhizosphere of grass

To isolate appropriate rhizobacteria from grasslands,
surveys were conducted on apparently healthy grass
plants in Qom province. Samples were collected from
rhizosphere, containing the roots and a thin layer of soil.
Small pieces of root tissues were cut with a sterile scalpel
and macerated in a few drops of SDW using a sterile
mortar and pestle. A loopful of the resulting suspension
was streaked onto nutrient agar (NA) media as described
by Schaad et al. (2001). The plates were incubated at
25-27°C for 48-72 h., and examined for the growth of
bacterial colonies. Furthermore, for each sample, one
gram of rhizosphere soil was rinsed in 10 ml of distilled
water and shook for 30 minutes. Different concentrations
were made by serial dilution until the dilution of 10-%. Then,
50 pl of dilutions of 10 and 10 were streaked on NA
medium and incubate as described above. Pure cultures
of bacterial strains were obtained by colony sub-culturing.
The obtained bacterial strains were re-suspended in SDW
and stored at 4°C for further use. For the long-term
storage, the strains were maintained in 15% glycerol at
-70°C.

Dual culture and antagonistic evaluation of the
rhizobacteria

A1 x 108 CFU/mI bacterial suspension was prepared
for all strains to be tested for antagonistic activity. For
each of them, a 25 pl of suspension was spotted onto
PDA plates in three corners of an imaginary triangle and
the plates were incubated for 48 h., at 27°C. After 48
hours, a 5 mm disk of seven days old culture of F. solani
strains were placed in the center of the Petri dishes. The
same procedure was performed in control treatments,
but SDW was used instead of rhizobacterial strains.

A clear zone of inhibition around tested fungal mycelia
after five days was considered indicative of antagonism.
The width of inhibition zones was measured as the
distance between the edge of the bacterial colonies and
the outer edge of the fungal mycelium. Each treatment
was replicated three times.

The percentage of the inhibition of the bacteria from
the growth of pathogenic fungi was calculated using the
following formula:
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Table 1: Physiological and biochemical characteristics of
rhizobacterial strains with highest antagonistic
activity.

Characteristics EMJ7
Gram reaction Negative | Negative
Pigment - Orang
Nitrate reduction - +
Levan production + +
Oxidase + +
Arginine dihydrolase + +
Pectolytic activity - -
HR on Tobacco - -
Growthat41°C - -
Growth at4°C +
Gelatin liquefaction -
Growth at: L-arabinose
D-galactose
Trehalose -
Saccharate +
Sorbitol - -
Butylamine + -
Meso- inositol - +
*(+) Reaction Positive, (-) Reaction negative

EMJ2

+| +

+| +| +

Percentage of inhibition = % 100

Where,
¢ = fungal growth in the control treatment (mm)
p = fungal growth in the treatment group (mm)

Phenotypic characterization of the selected
rhizobacterial strains

Two representative bacterial strains which showed
highest antagonistic activity (Table 1), were subjected to
standard biochemical and physiological tests (Schaad et
al., 2001). Gram reaction, oxidase and catalase activity,
aerobic/anaerobic growth (O/F), levan production, growth
in NaCl 0.5%, 3% and 7%, growth at pH 4 and 8.5 and
colony characteristics on King et al., B medium were
determined.

Phylogenetic analysis

The 16S rRNA gene was sequenced and
phylogenetically compared with those of other
rhizobacteria in two representative strains (EMJ2 and
EMJ7). For PCR reactions, Universal PCR Kit,
Ampligon® Tag DNA Polymerase Master Mix Red
(Ampligon A/S, Odense, Denmark) was applied according
to the manufacturer’s recommendations. For each strain,
a 20 pl PCR including 50 ng total DNA and 1 ul of each
primer (10 pmolxpl?t) (fD1: AGAGTTTGATCCTGGCT
CAG, rP2: ACGGCTACCTTGTTACGACTT; Weisburg
et al., 1991) were used. The certificated PCR products
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were sent to Bioneer Corporation (http//:www.Bioneer.
com) to be sequenced and the resulted sequences were
analyzed with the BLAST program (http://blast.ncbi.nlm.
nih.gov/). Sequences were aligned with the Clustal W
program (Larkin et al., 2007) using the MEGA 6.06
software (Tamura et al., 2013) and partial sequences
were deposited in the NCBI GenBank® and assigned
accession numbers. Phylogenetic analysis was performed
using the neighbor-joining method using Jukes-Cantor
model (Hall, 2011) with MEGA 6.06 software and
phylogenetic trees were constructed with bootstrapping
(2000 replications) (Tamura et al., 2013).

Results
Identification of the fungal isolates

According to the cultural and morphological
characteristics observed and compared to the
identification keys, three pathogenic isolates were
identified as F. solani. The most distinct characteristics
applied in the identification of species were white sparse
mycelia and no pigment production in the agar. Macro
conidia were relatively wide, stout, slightly curved with
rounded ends and 3-4 transverse walls. Micro conidia
were often single cell or two cells (roughly stretched)
which are formed on a single false heads on long
monophialides recognizable as round transparent circles
under microscope. Chlamydospores were visible at short
chains.

Pathogenicity test

Grass plants inoculated with fungal isolates obtained
from Ghom province initially exhibited chlorosis on the
leaves. When the roots and crown of the plants were
examined, the roots showed discoloration at the root tips
with the reduction in size of the roots when compared to
controls plants four weeks post inoculation.
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Fig. 1: Antagonistic activity of rhizobacterial strains tested

for the inhibition of the growth of Fusarium solani in
vitro.
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Table2: Duncan grouping of rhizobacterial strains tested for
their antagonistic activity against Fusarium solani.
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Antagonistic activity

EMJ2 and EMJ7 strains had the best antagonistic
activity against F. solani on PDA medium with the
inhibition of 98.2% and 46.4% respectively. In addition,
EMJ5 and EMJ10 strains have showed the lowest
antagonistic activity with the percentage of 1%. Table 2
shows the Analysis of Variance (ANOVA) for the
antagonistic activity of the tested rhizobacteria. Fig. 1
shows the percentage of the inhibition of the fungi growth
by the rhizobacterial strains isolated from the rhizosphere

Phenotypic and phylogenetic characterization of
antagonistic rhizobacteria

The results of phenotypic tests were summarized in
table 1. The results showed that two selected strains
including EMJ2 and EMJ7 belong to Pseudomonas spp.
The 16S rRNA gene was amplified and sequenced in
two strains with the most antagonistic activity as described
above. Construction of phylogenetic tree with the partial
sequences of 16S rRNA gene revealed that EMJ2 and
EMJ7 strains belong to Pseudomonas chlororaphis and

P. putida, respectively (Fig. 3), with the
homology of 98% with those of standard
strains (Fig. 2). Obtained sequences were
deposited in the GenBank and assigned
accession numbers. 16S rRNA gene for
strains EMJ2 and EMJ7 are assigned
accession numbers KU510222.1 and
KU510219, respectively.

Discussion

In this study, we report high
antagonistic activity in two bacterial
strains against F. solani, the causal
agent of grass root and crown rot
disease. Among the main constraints of

grasslands in Iran, Fusarium root and
crown rot considered as a restriction for
grass cultivation in urban areas in Iran.
The results of this study can be
considered as a useful biocontrol
potential in the upcoming studies.

Plant growth-promoting rhizobacteria

Strains of | Percentage of the inhibition of | Classif-
bacteria fungal growth within ten days ication
EMJ2 98.2 A
EMJ7 464 B
EMJ15 453 B
EMJ14 378 C
EMJ8 332 D
EMJ9 323 D
EMJ12 203 E
of the grass.
EMJ13 165 F
EMJ1 132 FG
EMJ6 113 GH
EMJ3 8.10 H-1
EMJ2 64 |
EMJ4 5 |
EMJ16 15 J
EMJ11 1 J
EMJ5 1 J
EMJ10 1 J
Control 0 K
Pseudomonas tremae-NR 025549.1
Pseudomonas congelans-NR 028985.1
Pseudomonas amygdali pv. tabaci-KR476391.1
75| Pseudomonas amygdali pv. tabaci-KR476390.1
Pseudomonas meliae-HF558390.1
Pseudomonas savastanoi-DQ318862.1
Pseudomonas congelans-AJ492828.1
& | Pseudomonas syringae-AB680093.1
Pseudomonas chlororaphis-HF584988.1
Pseudomonas chlororaphis-HF585008.1
EMJ2-KU510222.1
5 Pseudomonas chlororaphis-KJ870019.1
% [ Pseudomonas chlororaphis-KM030060.1
Pseudomonas chlororaphis subsp. aurantiaca-KP279962.1
Pseudomonas chlororaphis-KP992909.1
Pseudomonas chlororaphis subsp. piscium-KX273059.1
Pseudomenas cannabina-AJ492827.1
Pseudomonas putida-KT759148.1
| Pseudomonas monteilii-KX785170.1
Pseudomonas taiwanensis-KX436991.1
Pseudomonas taiwanensis-KU597525.1
Pseudomonas putida-KU187966.1
Pseudomonas taiwanensis-KT998859.1
Pseudomonas monteilii-KT380512.1
Pseudomonas monteilii-KF792081.1
EMJ7-KU510219
Pseudomonas putida-KP693689.1
Pseudomonas plecoglossicida-KP753933.1
Pseudomonas putida-KU982645.1
Pseudomonas mosselii-KJ561102.1
Pseudomonas entomophila-KU570373.1
Pseudomonas mosselii-kU597535.1
Xanthomonas campestris pv. campestris-KM458094.1
—
0.1

Fig. 2: Phylogeny of 16S rRNA gene of EMJ2 and EMJ7 strains obtained in this
study with other species of Pseudomonas spp. Neighbor joining method
using Jukes-Cantor model was used. Percentage bootstrap values >50%
from 2000 samplings were indicated. Xanthomonas campestris pv.
campestris was used as an out-group cluster. Phylogeny of the 16S rRNA
gene sequences indicated that the EMJ2 and EMJ7 strains belong to P.
chlororaphis and P. putida species, respectively. Bar 0.1 substitutions per site.

(PGPR) live in the rhizosphere, where
they occupy approximately 5 to 17% of
the total root surface. The most widely
studied genera include Bacillus,
Pseudomonas, Azospirillum and
Rhizobium. These microorganisms
have beneficial effects on seed
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germination, seedling emergence and plant growth
(Giassiet al., 2016). A primary mode of suppression of
phytopathogens and indirect promotion of plant growth
by Pseudomonas is production of secondary metabolites
such as phenazines, pyrrolnitrin, pyoluteorin, 2,4-
diacetylphloroglucinols (DAPG), etc. in the rhizosphere
of plants (Gross and Loper, 2009). Phenazines are
nitrogen containing heterocyclic antibiotics secreted by
Pseudomonas spp., possessing broad spectrum activity.
Role of phenazines, in biocontrol of a number of
phytopathogens, secreted by various species of
Pseudomonas has been demonstrated in several studies
(Jain and Pandey, 2016a).

Pseudomonads are important due to their
applications in plant growth improvement by showing
antagonism against phytopathogens, induction of systemic
resistance, production of various growth promoting
compounds and solubilization of inorganic phosphorus (Jain
and Pandey, 2016b). The genus Pseudomonas sp. is
known to comprise a huge diversity of species with the
ability to thrive in different habitats, including those
considered as agricultural areas and grasslands. Several
studies have been conducted to investigate the
antagonistic activity of Pseudomonas strains against
particular plant diseases and several species have been
introduced with high biocontrol capability. Among them,
P. chlororaphis and P. putida are the commonly
accepted and mostly used species. Recently a
psychrotolerant, wide pH tolerant and halotolerant strain
of P. chlororaphis, isolated from wheat rhizosphere
growing in a mountain location in Indian Himalayan
Region, has been investigated for its antimicrobial potential
with particular reference to phenazine production and
plant growth promoting traits. The inhibition of
phytopathogens in diffusible biocontrol assays was
recorded in an order: Alternaria alternata >
Phytophthora sp. > Fusarium solani> F oxysporum
(Jain and Pandey, 2016c).

P. chlororaphis produced phenazine, which was
active against Gram-positive bacteria and actinomycetes
with varying antimicrobial activity with respect to the

5 4‘-.'; = 4

Fig. 3: Colonies of Pseudomonaschldroraphis (A) and P.
putida (B) strains on NA medium identified in this study.
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solvents used. Furthermore, extracts of P. chlororaphis
sub sp. aureofaciens and P. chlororaphis, have been
reported for antimicrobial activity against Gram-positive
bacteria namely Bacillus subtilis, Paracoccus
pratrophus and Staphylococcus aureus, respectively
(Mezaache-Aichour et al., 2012).

The antagonistic activity of bacterial strains were
shown to be more applicable when they used in the
rhizosphere of the host plants. In this study, 37 isolates
were obtained recovered from rhizosphere of healthy grass
plants. Among them, 15 isolates were selected according
to their phenotypic characteristics. With increasing
demand for biofertilizers and biopesticides, bacterial
isolates with wide high antagonistic activity can be referred
as potential strains for the management of plant diseases.
The P. chlororaphis EMJ2 in the present study,
possessed beneficial traits related to biocontrol of a
destructive plant pathogen F. solani, which makes the
bacterium a potential agent for field applications especially
in urban ecosystem for sustainable and eco-friendly crop
production.
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