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Abstract

In this study, the antagonistic effect of five bacteria genera namely Bacillus, Pseudomonas,
Azotobacter, Azospirillum, and Streptomyces isolated from rhizosphere of wheat were
evaluated against Fusarium graminearum as potential biocontrol agents in vitro. F.
graminearum was molecularly diagnosed using the Polymerase chain reaction (PCR)
technique. Each bacteria were tested for the production of catalase enzyme, oxidase enzyme,
analysis of starch, analyze of gelatin, and the motility, where Azotobacter, Azospirillum, and
Bacillus subtilis were positive for all tested. Fungal inhibition tests were performed by using
the dual culture method and agar well diffusion technique. Among them, Streptomyces and
Azospirillum exhibited potent inhibition to the growth of F. graminearum (72.14% and
66.42%) respectively, followed by B.pumillus, P.fluorescens, B. subtilis and Azotobacter (
58.28%, 43.23%, 39.71% and 35.71%) respectively as compared with the control treatment
(0.0%).The dry weight of the fungus biomass was decreased with bacteria P. fluorescens,
Streptomyces sp, Azotobacter sp, Azospirillum sp, B. subtilis, and B. pumillus which reached
(0.114, 0.103, 0.147, 0.101, 0.143, and 0.107 g) respectively compared to the control
treatment that was 0. 665 g.
Keywords: Fusarium graminearum, Azotobacter, Azospirillum, Streptomyces, Bacillus
subtilis, and Bacillus pumillus

Introduction

The growth and development of plants are affected by plant diseases which result in a
reduction in output and product quality (Salim et al., 2017). Fusarium graminearum is the
most aggressive species against wheat plants through pathogenicity tests and causes extensive
damage through losses in grain yield and grain contamination with mycotoxins (Cuilin, 2001).
Symptoms on the spikes appear as brown water spots, which extend up and down and
development of infection with the availability of appropriate temperature and moisture,
besides the effect of the fungus on the production quantity, its effects on its quality, through
the release of toxins in grains, which represent a high risk to humans and animals (Cook,
1981; Murray and Brennan, 2009; Obanora et al., 2013). The losses caused by the disease
range from 30% to 50% in numerous cultivated areas in the world, including European
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countries, America, West Asia, North Africa, Australia, and Canada (Moya et al., 2010;
Arici, 2012). The followed procedures to control such disease was only depended on the use
of chemical fungicides, but extensive use of these pesticides led to significant damage to the
ecosystem, human health, and their livestock, as well as the emergence of pesticide-resistant
strains (Rahman et al., 2003; Mohiddin and Khan, 2013). In recent decades Researchers'
efforts have been directed towards finding alternatives to fungicides to manage such diseases,
that are environmentally friendly, safe, and efficient, the focus was on the use of beneficial
microorganisms in agricultural soils that can improve the soil properties to make them more
suitable for plant growth by equipping them with the necessary nutrients and making them
unsuitable for the growth of pathogens through the production of secondary metabolites
substances (Tuzun and Kloepper, 1995; Pieterse and Van Loon, 2007; Zamanizadeh et al.,
2010). Biological control by using antagonistic microbes still more significant due to it is
environmentally friendly, safe, and sustainable (Dwi et al., 2010). This study was carried out
to isolate some bacterial strains such as Bacillus, Pseudomonas, Azotobacter, Azospirillum,
and Streptomyces from the rhizosphere of wheat to study their anti-fungal activities against F.
graminearum in vitro.

Materials and Methods

The laboratory experiment, which included physical and chemical tests was conducted in
the Biotechnology, Soil, and Microbiology laboratories of the Ministry of Science and
Technology.

Collect of samples

Wheat plants Triticum aestivum cv. Barcelona were collected from wheat fields in AL-
Qadisiyah province from different locations at a rate of 50 samples from each field from 20
/3/2013 until 31/3/2013. Collected plants showed yellowing symptoms accompanied by the
dark brown coloration on the crown, stalk, and sheaths of leaves with few branches and
turning of spikes to white color. Plants were dried at laboratory temperature of 25 +2 ° C with
humidity not exceeding 10% and kept in paper bags for subsequent experiments.

Isolation of pathogenic fungus

Ten plants from each district was selected, then the crown of the wheat stem was cut into
small pieces (2 mm) and sterilized superficially with 1% sodium hypochlorite solution for 3
minutes and washed twice with sterile distilled water to remove chlorine. The pieces were
dried on sterile filter paper and transferred to the medium of potato dextrose agar (PDA) with
adding 100 pg of the antibiotic (tetracycline) in Petri dishes (each 9 cm) and incubated at
252 °C for three days, pieces of mycelia were transferred by a sterile needle to PDA medium
in Petri dishes (Barnett and Hunter, 1972).

Purification of F. graminearum by single spore technique

The single spore technique was used to obtain pure and genetically homogeneous cultures
from fungus isolates. Three-four drops of distilled water were added to the growing fungus
colony around the plant pieces on PDA medium, then part of the fungus suspension was
transferred by sterile loop and spread on the surface of the medium (water agar) in Petri
dishes (9 cm) and incubated at 25 °C with humidity 70% for 24 hours under continuous
lighting. The macro conidia with the help of light microscopy was transferred to the PDA
medium in Petri dishes and incubated at 25+2 °C for a week until the growth of fungus (Scott
and Chakraborty, 2010).

Pathogenicity test of F. graminearum isolates
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The pathogenicity test of four isolates of F. graminearum (F.g Q10, F.g Q20, F.g Q30, and
F.g Q40) was carried out. The soil was sterilized by autoclave at 121 ° C and a pressure of 1.5
kg / cm? for an hour and re-sterilized under the same conditions in the next day. Pots (15 cm
diameter) were filled with sterile soil and infested with a half Petri dish (9 cm) of fungal
isolate for each pot and then covered with polyethylene bags for two days. Wheat seeds cv.
Barcelona were sterilized superficially by immersing them in 2% sodium hypochlorite
solution for 2 minutes. The seeds were then washed with sterile distilled water and planted in
pots 10 seeds/pot. The pots were randomly distributed with three replicates and RCBD design
and watered with water whenever needed. The pots were daily monitored to record any
observations such as the appearance and development of any symptoms. Seed germination
percentage, infection ratio, and disease severity were calculated.

Diagnosis of the fungal isolate using Polymerase chain reaction (PCR) technique
This technique was carried out in the laboratory of the molecular test at the Ministry of
Science and Technology to diagnose the isolated fungus according to the following steps:

DNA extraction

A small amount (0.2 - 0.5 mg) of mycelia of F.g Q10 isolate was transferred to a ceramic
mortar to add 500 pl of DNA extraction CTAB Buffer (Cetyl Trimethyl Ammonium
Bromide) 2%, thereafter a similar volume of liquid nitrogen was added to the mixture and
crushed well, with help of a pestle. Subsequently, the extract was transferred to an Eppendorf
tube (1.5-2 ml) and incubated in a water bath at 55 ° C for 15 minutes with shaking the tube
using a vortex device, then centrifuged at a speed of 12 000 rpm (Graham et al., 1994).

Precipitation and purification of DNA

For precipitation and purification of DNA, chloroform and isoamyl alcohol (250 pl) were
added to the supernatant liquid at a ratio of 1:24 and mixed thoroughly and centrifuged at a
speed of 12 000 rpm for one minute. The top layer that contains the DNA was transferred to
new tubes; ammonium acetate (7.5 Mol) and one volume of cold absolute ethanol were added
to each tube to a tenth of its volume (1/10). The solution was gently mixed several times and
centrifuged at a speed of 12 000 rpm for one minute for DNA precipitation. Precipitated DNA
was washed by adding 500ul of cold ethanol alcohol (70%) with slowly stirring and
centrifuged at 12.000 rpm for one minute and left at laboratory temperature to remove the
residue of alcohol. Fifty pl of Tris-EDTA buffer (TE) was added to each sample and left at
room temperature for one minute and then centrifuged at 12.000 rpm for one minute to collect
DNA and kept at -10 °C for subsequent tests (Saitoh et al., 2006).

Measurement of concentration and purity of DNA

Absorption of an extracted DNA sample was measured at the wavelengths 280nm and
260nm using a drop spectrophotometer nano device (American Thermo Scientific Company)
and according to the DNA concentration and according to the following equation:
Concentration (mg/ ml) = Absorption at 260 nm x 100 (dilution coefficient) x 50 (Sambrook
et al., 1989).

Polymerase chain reaction (PCR) technique

The PCR technique was used to diagnose the fungus to the species level, the primers and
the sequence of nitrogenous bases were used as described in Tables 1 and 2. The reaction mix
from (Bioneer.com, Korea company) was prepared in the small tubes (volume 500 ul) to be
16 pl of sterile distilled water and 2 pl buffers and 2 pl of DNA samples with concentration
25-50 ng. uL™* to become the final volume 20 pL, then mixed well and centrifuged by vortex
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centrifuge at a speed of 3000 rpm for three minutes. the PCR tube was then placed in a PCR
Thermocycler and the conditions and steps of PCR amplification was follows:

PCR products were analyzed on agarose gel (1.5%) by electrophoresis technique and
examined under UV transillumination and images were captured.

Table 1. The primers

Species of Fusarium Primers Sequence of nitrogenous bases Number
(‘'3-'5) of bases
F.culmorum FcOIF SATGGTGAACTCGTCGTGGC® 19
FcOIR CCCTTCTTACGCCAATCTCG 20
F.pseudograminearum Fpl-1 CGGGGTAGTTTCACATTTCCG 21
Fpl-2 GAGAATGTGATGACGACAATA 21
F.graminearum Fgl6NF | ACCAGATGACAAGATTCAGGCACA 23
Fgl6NR | TTCTTTGACATCTGTTCAACCCA 23
Table 2. Sources of primers
Primers Reference
FcolF,FcOIR Nicholson et al, 1998
Fpl-1,Fpl-2 Aoki and O"Donnell, 1999
Fg16NF,Fg16NR Nicholson et al, 1998

Electrophoresis technique

Electrophoresis tank was used with the agarose gel tray and the comb to make agarose gel.
The agarose gel at a concentration of 1% was prepared by dissolving 1 g of agarose in 1000
ml of TE solution with pH 8, the gel was poured in the loading board continuously and slowly
to avoid the formation of air bubbles and leave the gel at the laboratory temperature to harden,
the comb was picked up slowly and place the gel in the basin then submerged with the TBE
solution, the samples were prepared for electrophoresis by mixing of DNA for each treatment
with buffer at ratio 1: 3 pl, the samples were distributed to the wells by using a Micropipette,
the device was locked and the electrodes were connected and the electrophoresis was carried
out at 100 V for an hour and a half. When the blue dye reached the end of the gel, the
electrophoresis was stopped.

Isolation of bacteria

Bacteria were isolated according to the method described by Wollum, (1982) Collee et al.
(1996) Macfaddin (2000). Wheat plants were uprooted and the soil around the roots was
collected and milled well. ten g of soil and 90 ml of Peptone water that consist of 5 g peptone,
5 g Treptone, 5 g Sodium Chloride, and one L. water were added and then the mixture was
mixed using an electric shaker at a speed of 120 rpm/ min for 30 minutes and left to stagnate.
One ml of the supernatant was taken and nine ml of the saline solution (NaCl) at a
concentration of 0.85% was added to obtain the second decimal dilution then the third
decimal dilution. Thereafter, 0.1 ml from dilution (10°) and disseminated to Petri dishes
containing a selective medium for each species of bacteria such as Bacillus, Pseudomonas,
Azotobacter, Azospirillum, and Streptomyces. All Petri dishes were incubated at 30 ° C for 48
hours. The bacterial isolates were grown at 25+2 °C in slant cultures containing nutrient agar
medium (NA) and preserved at 4°C, Nutrient broth medium (NB) was used for bacterial
growth and other laboratory tests.
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Bacterial media
P. fluorescens

The medium of Pseudomonas agar base was consisted of 16 g of Pancreatic digest of
gelatin, 10 g Casein enzymic hydrolysate, 10 g Potassium Sulfate, 1.4 g Magnesium Chloride
anhydrous, 11 g Agar, and 500 ml Water. This medium was inoculated with bacteria by the
streaking method and incubated at 30 °C for 24 hours (Wollum, 1982).

Streptomyces

The medium of yeast malt extract (YME), which consists of 4 g Yeast extract, 5 g Peptone,
20 g malt extract, 4 g glucose, 17 g sucrose, 10 g Agar, and one liter distilled water with
pH=7. this medium was inoculated with part of a colony already growing on medium (NA)
and incubated at 28 °C for 4-6 days. To test the bacteria ability for growth in the saline
medium by adding NaCl to the medium at a rate of 7%, 8%, and 10% (Miyadoh, 1993). the
bacterial ability to produce catalase enzyme was tested by adding 3% H,O, to the medium,
then inoculated. The bacteria were considered positive to the test if they were able to produce
bubbles and wheezing. Whereas, the motility of bacteria was also tested using the (Add a
reference).

Azotobacter

The N-free medium agar consists of 10 g glucose, 1 g K,HPO,, 0.2 g MgSo,4.7H,0, 0.05 g
FeSo,4. 7H,0, 0.001 g Na, M0O,4.2H,0, 0.1 g CaCl,, 15 g agar, was dissolved in 1lliter of
distilled water, and the pH adjusted to 7.2 -7.3. The medium was then autoclaved at a
temperature of 121 °C and a pressure of 1.5 kg/ cm 2 for 20 minutes, then the bacteria in Petri
dishes were incubated at 25+2 °C for 48-72 hours. The shape and characteristics of the
bacterial colony were observed on the Petri dish through convexity, texture, and color.
Thereafter, the colony was checked by light microscope to identify cell shape and cyst
formation (Harold et al., 1998).
Azospirillum

The medium of nitrogen-free bromothymol blue consists of 5 g Malic acid, 0.02 g CaCl,,
0.015 g FeCls.6 H,0, 0.5 g K;HPO,, 4.5 g KOH, 0.2 g MgSQO,4.H,0, 0.01 g MnSO4.H,0,
0.002 g Na;M0O0O,4.H,0, 0.1 g NaCl,0.0001 g Biotin, 2 ml Bromothymol blue, 17 g Agar, 0.02
g Yeast extract, 1.0 g NH4CI, 1 liter distilled water with 6.8 pH, was used (Krieg and
Dobereiner, 1984). The sterilized medium was inoculated with bacteria and incubated at 32°C
for 48 hours. The appearance of the ring growth (pellicle) with white color at a distance of 1-4
mm below the surface after 24 hours, which rises to a distance of 2 mm from the surface after
48 hours. Such characteristics can indicate the existence of bacteria Azospirillum. The colony
was checked by a light microscope to determine the shape and capacity of the cells on the
movement (Dobereiner and Day, 1976).

Bacillus subtilis and Bacillus pumillus

Nutrient agar and nutrient broth were used to study the growth nature of the bacteria and
the shape of colonies on these media. These media were prepared following the
manufacturer's company instructions. Sterilized by autoclave at 121 ° C and a pressure of 1.5
kg / cm? for 15 minutes. The nutrient broth was sterilized and used to prepare the bacterial
filtrate for laboratory tests. Nutrient agar was used to preserve the purified isolates at -4 ° C.

Diagnosis of bacteria
The bacterial species were diagnosed in the Microbiology laboratory based on the
characteristics of the growing colonies on their electoral medium such as their color, shape,
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convexity, luminosity, edge, viscosity, cell shape, and their response to gram stain and the
collect method and spore formation using light microscopy (Bergey’s Manual, 1985).

Gram Stain
The gram stain was used for the CDH company to distinguish between gram-positive
bacteria (G+Ve) and gram-negative bacteria (G-Ve).

Biochemical tests

The ability of bacteria to produce the Catalase enzyme

A few drops of the catalase enzyme reagent consisting of (3%) hydrogen peroxide (H202)
were added to the colonies of bacteria that grow on the nutrient agar medium (Baron and
Finegold, 1990). Production of air bubbles refers that these bacteria can produce catalase
enzymes.

The ability of bacteria to produce brilliant pigments

Using the King B medium, which was prepared by dissolving 20 g peptone, 1.5 g
MgSQO,.7H,0, 1.5 g K3PO4, 10 ml glycerol, and 15 g agar in 1 liter of distilled water with 7.2
pH and sterilized by autoclave. To investigate the production of fluorescent pigments, the
medium was inoculated with bacteria and incubated at 28+2°C, where the emergence of a
fluorescent pigment when colonies are exposed to the UV is a diagnostic characteristic of
bacteria from the fluorescent group (Stolp and Gadkari, 1984).

The ability of bacteria to analyze starch

Using agar-starch for this test, where the medium was prepared by adding 2% starch to the
nutrient broth medium and sterilized, the medium was poured in the Petri dishes, and then
inoculated with bacteria at the age of 24 hours and incubated at 37 °C for 2-5 days. The dishes
were submerged with Lugol’s solution, where the emergence of transparent areas around
colonies is a positive consequence for the ability of bacteria to starch analysis (Benson, 1998).
The medium was also used to differentiate between B. subtilis and B. pumillus .

The ability of bacteria to analyze gelatin

Using the gelatin medium in this test, where the medium was prepared by dissolving 12 g
gelatin and 1.3 g nutrient broth in 90 ml distilled water and complete the volume to 100 ml
and then sterilized by autoclave .The medium was used to detect the ability of bacteria to
produce gelatinase enzyme (Stolp and Gadkari, 1984).

The ability of bacteria to produce oxidase enzyme

The method previously described by Baron and Finegold (1990) was used to detect the
ability of bacteria to produce cytochrome oxidase enzyme, a filter paper was submerged with
oxidase reagent solution (1% Tetramethyl Para-Phenyl Diamine-Dehydrochloride).
Thereafter, a bacterial colony was transferred to this paper by a sterile wooden stick, where
the appearance of produced gray color during 15-60 seconds indicates the ability of bacteria
to produce the cytochrome oxidase enzyme.

The ability of bacteria to the motility

Tubes containing semi-solid agar medium (8 g agar to 1 L.) were prepared and inoculated
with bacteria by the method of acupuncture and incubated at 28+2 °C for 72h. The growth
and spread of bacteria around the acupuncture area indicate the ability of those bacteria to
motility (Cruickshank et al., 1975).
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Filtration of bacterial cultures

The bacterial species were grown individually in the nutrient broth medium in glass flasks
(each 250 ml) containing 100ml of the medium, Each flask was inoculated with an amount of
bacterial growth and incubated at 25 ° C in a shaker incubator at 150 shakes per minute for
one-five days. Bacterial cultures were filtered through the Millipore filter membranes with an
opening diameter of 0.45 um with aim of an air vacuum.

Antagonistic effectiveness of bacteria against F. graminearum using dual culture method
After pouring the PDA medium into Petri dishes (9 cm) and allowed to solidify, putting a
line of bacterial growth by a needle for each bacteria individually at one side of the dish with
a distance of one cm from the edge, then transferring an agar disk (0.5 cm) from the tip of the
F. graminearum colony (five days old) on the other side of the same dish. The Petri dishes
that contain only the fungus were used as a control treatment. All Petri dishes were incubated
at 25+2 °C until the growth of the pathogen reached the edge of the Petri dish. The percentage
of inhibition was then calculated according to the following formula:
% Inhibition = growth rate in the control - growth rate in treatment/growth rate in the control
x 100.

Antagonistic effectiveness of bacteria against F. graminearum using the agar well
diffusion technique

Wells (each 0.5 cm in diameter) were made in PDA using a sterile cork borer into Petri
dishes (9 cm) close to the edges ( four wells/ plate). Nutrient agar (0.05 ml) was placed in
each well, and one ml of bacterial filtrate for each bacteria was added to each well. Then, an
agar disk (0.5 cm) from the tip of the F. graminearum colony (five days old) was transferred
to the center of the dish. Distilled water was added instead of the bacterial filtrate as a control
treatment. All Petri dishes were incubated at 28+2 °C until the growth of F. graminearum
reached the edge of the Petri dish. After 72 hours of incubations, the diameter growth rate and
the percentage of inhibition was calculated according to the following formula:
% Inhibition = growth rate in the control treatment - growth rate in the treatment/growth rate
in the control treatment x 100.

Effect of bacteria filtrate on the dry weight of F. graminearum

The dry weight of the biomass of F. graminearum in the liquid medium was determined by
the growth of the tested bacterial species on the nutrient broth according to their perfect
growth period. Bacterial cultures were filtered through the Millipore filter membranes (0.45
pum) with the help of the air vacuum device to ensure the rapid separation of bacterial cells
from the filtrate. Each bacterial filtrate was inoculated with an agar disk (0.5 cm) from the tip
of the F. graminearum colony five days old and Petri dishes were incubated at 28+2 °C. The
medium was filtered with filter paper Whatman (No. 2), then the filter papers were dried and
weighed according to the biomass weight of the fungus. The biomass weight of the fungus
was calculated according to the following formula:
Biomass weight = Biomass weight with filter paper-dry weight of filter paper

Results and Discussion

Results, given in Table (3), showed that the high pathogenicity found in the isolates
F.gQ10, F.gQ20, F.gQ30, and F.gQ40 isolated from infected wheat plants grown in some
fields of Al-Qadisiyah province. The F.gQ10 isolate was significantly superior in
pathogenicity compared to the other isolates (F.gQ20, F.gQ30, and F.gQ40), where infection
ratio, disease severity, and germination ratio reached 82.22%, 82.03%, and 36.67%,
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respectively. The variation of the F. graminearum isolates in pathogenicity may be due to the
genetic variations in the responsible genes linked with the pathogenicity (add a reference ).
The ability of isolates to cause diseases is dependent on environmental conditions, host,
sensitive phase, and plant density, also any change in these conditions lead to some genetic
variation in the fungus (Smiley et al., 2005). Such genetic vibrations may give some
differences in the ability of the isolates to produce some responsible enzymes causing
diseases such as pectinase enzyme, which analyzes cuticle and cell wall wax, as well as the
production of secondary metabolic compounds, including the toxins Deoxynivalenol (DON)
and Nivalenol (NI1V) (Kitkot et al., 2009; Paper et al., 2010).

Table 3. Pathogenicity of F. graminearum isolates included Infection ratio (%), disease
intensity %, and germination ratio (%) of wheat plants

Fusarium isolates Infection ratio Disease severity | Germination ratio
(%) (%0) (%)

F. graminearum Q10 82.22 82.03 36.67

F. graminearum Q20 41.27 40.21 60.00

F. graminearum Q30 34.36 33.13 70.00

F. graminearum Q40 43.69 41.62 66.67

LSD 0.05 26.43 2.613 22.41

F. graminearum Q10 was diagnosed through Polymerase chain reaction (PCR) using

specific primer pairs. PCR products that run through electrophoresis on agarose gel (1.5%)
showed the presence of PCR products with the size of 280bp when the primer pair used (Fig
1).
The prevalence of F. graminearum as a causative agent of crown rot disease in Iraq is due to
the appropriate environmental conditions. Backhouse and Burgess (2002) noted that this
species prevails in hot and semi-dry regions. F. graminearum previously recorded in the rainy
areas as a pathogen of root rot in Iraq (Al-Rashidi, 2011) and the irrigated areas (Alwan,
2005). In a diagnostic study of the root pathogens of barley root rot and its control in Nineveh
province in 2013, were found the most common fungus is F. graminearum (Al-Kubaisi,
2013).

280 bp

DNA 1 2 3 4 5 6 7 8

Fig 1. PCR products were amplified from the F. graminearum isolated in this study. M=
DNA ladder marker with sizes in base pair (bp) given on the left side of the figure

Results of bacteria characteristics showed the bacterial cell shape and their response to gram
stain and biochemical tests on the cultural media (Table 4).
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Table 4. Biochemical tests of bacteria

Bacteria Gram | Analyze | Analyze | Catalase | Oxidase | Motility
Stain | of starch | of gelatin | enzyme enzyme
P. fluorescens - + + + + +
Streptomyces + + + + - -
Azotobacter - + + + + +
Azospirillum - + + + + +
B. subtilis + + + + + +
B. pumillus + - + - - +

Results in Table 5 indicate that all tested bacteria led to inhibition of the growth of F.
graminearum on the culture medium. Streptomyces and Azospirillum were significantly
superior in inhibition of fungus (72.14% and 66.42%) respectively followed by B. pumillus ,
P. fluorescens, B. subtilis, and Azotobacter (58.28%, 43.23%, 39.71%, and 35.71%,
respectively) compared with the control treatment. as shown in Table (3), it was noticed that a
significant decrease in dry weight of the fungus biomass with bacteria P. fluorescens,
Streptomyces, Azotobacter, Azospirillum, B. subtilis, and B. pumillus which reached 0.114,
0.103, 0.147, 0.101, 0.143, and 0.107 g, respectively compared with the control traetment (0.
665 g). Nourozian et al. (2006) indicated that in dual culture test and agar well diffusion
technique for F. graminearum fungus with isolates of bacteria Streptomyces, B. subtilis, P.
fluorescens, which led to inhibit the growth of fungal mycelium at 97-37% with a clear
superiority of Streptomyces bacteria. It was found in a previous study, there was an ability to
produce antibiotics such as Tubercidin, Phosphlactomcin and Candicidin (Hwang et al.,
1994). Previous studies indicated the efficacy of the bacteria Azospirillum, Azotobacter,
P.fluorescens, B.pumillus, and B.subtilis in reducing the growth of F. graminearum in
antagonistic tests on the culture medium (Abdulkareem et al., 2014). No difference was
observed between the dual culture test and the agar well diffusion technique in the inhibition
ratio of F. graminearum by different bacteria.

Table 5. The effect of bacteria on F. graminearum in inhibition ratio and dry weight of
the fungus biomass

Treatments % Inhibition | Dry weight of the
fungus biomass /g

Control 0.00 0.665

P. fluorescens + F. graminearum 43.23 0.114

Streptomyces + F. graminearum 72.14 0.103

Azotobacter + F. graminearum 35.71 0.147

Azospirillum + F. graminearum 66.42 0.101

B. subtilis + F. graminearum 39.71 0.143

B. pumillus + F. graminearum 58.28 0.107

LSD 0.05 8.509 0.0026

Conclusion

According to this research work, the isolated bacteria from soil that surrounded wheat roots
(Bacillus, Pseudomonas, Azotobacter, Azospirillum, and Streptomyces) showed antagonistic
effectiveness against F. graminearum growth in vitro, therefore can be used as biocontrol
agents in future research, which will reduce the environmental effects of pesticides.
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