Tiirk. Biyo. Miicadele Derg. 2020, 11 (1): 23-33
DOI: 10.31019/tbmd.774430 ISSN 2146-0035-E-ISSN 2548-1002
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The Use of Turkish Bacterial Strains for the Biological Control
of Fusarium cerealis which Causes Root and Crown Rot in
Turfgrass

Ayse ASKIN SENOCAK !, Filiz UNAL Y, Mesut YILDIRIR?

Cimlerde Kok ve Kokbogaz1 Ciiriikliigiine Neden Olan Fusarium cerealis'in
Biyolojik Miicadelesinde Yerli Bakteriyel izolatlarin Kullanim

Oz: Cimlerde Fusarium cerealis'in neden oldugu kok ve kdkbogaz giiriikliigii Tiirkiye'nin
birgok bolgesindeki ¢im alanlarindaki 6nemli hastaliklardan biridir. Bu calismada, F.
cerealis’in biyolojik miicadelesinde, domates rizosferinden ve hiyar yapraklarindan elde
edilen bes bakteri izolatinin (Stenotrophomonas rhizophila 88bfp, Pseudomonas putida
166fp, Pseudomonas putida 88cfp, Paenibacillus sp. 215b ve Bacillus cereus 44) etkinligi
iklim odas1 kosullarinda tohum inokulasyonu (108 hiicre/ml) yoluyla arastirilmistir. Sonuglar,
S. hizophila 88bfp ve Paenibacillus sp. 215b bakteri izolatlarinin ¢imde kok ve kokbogazi
cliriikliigi simptom gelisimini, kontrol bitkilerine kiyasla sirasiyla % 85,25 ve % 75,77
oraninda azalttigin1 gstermistir. P. putida 88cfp ve P. putida 166fp uygulanan denemelerde
bu deger sirasiyla % 58.69 ve% 56,72 olarak tespit edilmistir. En diigiik etki B. cereus 44
uygulamasinda, kontrolle kiyaslandiginda % 32.13 olarak hesaplanmistir. Bu calisma
sonucunda, iki yerli antagonistik bakteri S. rhizophila 88bfp ve Paenibacillus. sp. 215b’in
Tiirkiye'de ¢imlerdeki F. cerealis'in neden oldugu kok ve kokbogazi ¢iiriigiiniin biyolojik
miicadelesinde timit var oldugu bulunmustur.

Anahtar sozciikler: Cim, Fusarium cerealis, Biyolojik miicadele

Abstract: Root and crown rot of turfgrass caused by Fusarium cerealis is an important
disease in many parts of Turkey. The ability of five bacterial strains, namely
Stenotrophomonas rhizophila 88bfp, Pseudomonas putida 166fp, Pseudomonas putida
88cfp, Paenibacillus sp. 215b and Bacillus cereus 253e, isolated from the tomato rhizosphere
and cucumber leaves to control F. cerealis, was studied with turf grass seed treatment (108
cfu/mL) under growth chamber conditions. S. rhizophila 88bfp and Paenibacillus sp. 215b
reduced root and crown rot symptom development in turf grass by up to 85.25% and 75.77%,
respectively, when compared to the untreated control plants. In treatments with P. putida
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88cfp and P. putida 166fp, these values were 58.69% and 56.72%, respectively. Bacillus
cereus 44 had the lowest efficacy of 32.13 %. Two local antagonistic bacteria S. rhizophila
88bfp and Paenibacillus. sp. 215b were found promising candidates for the biocontrol of root
and crown rot caused by F. cerealis in turf grass in Turkey.
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Introduction

The areas of picnic and parks, football fields, gardens and golf courses are increasing
daily as the amount of leisure time increases for many people. The planting of
turfgrass is used to create these areas. However, many fungal pathogens cause
diseases in turfgrass, including, species of Bipolaris, Fusarium, Magnaporthe,
Pythium and Rhizoctonia (Nelson & Craft, 1991). Among them, Fusarium is
considered the most dangerous. Fusarium species have frequently been found to play
a role in seedling diseases (Smiley et al, 1992), with Fusarium spp. having been
reported as the causal agents of leaf spot, leaf blight and crown and root rot (Smiley
and Thompson, 1985). The intensive management of turfgrass, e.g. the frequent use
of nitrogenous fertilizers and regular mowing provide favorable conditions for
infection by Fusarium spp. (Smith et al, 1989). Fusarium species isolated from
diseased plants, such as F. culmorum, F. graminearum, F. avenaceum and F.
equiseti, are among the main causal agents of crown and root rot (Smiley and
Thompson, 1985). The fungus, Fusarium cerealis (Cooke) Sacc. (1886) (syn. F.
crookwellense L.W. Burgess, P.E. Nelson&Toussoun 1982), is a pathogen of many
plant species.

The role of Fusarium species in root and crown rot and the appearance of other
symptoms in turfgrass areas was studied in Qom Province, Iran. In that study,
sampling was done in all turfgrass areas exhibiting damage and suspected to have
fungal contamination (Poor & Riahinia, 2017). The highest pathogenicity and
frequency were recorded for F. cerealis and F. solani, respectively. Many Fusarium
spp. were detected in turfgrass in research carried out between 2014 and 2018 years
in Turkey, with root and crown rot caused by F. cerealis determined to be one of the
important diseases caused by Fusarium species in different regions of Turkey (Unal
et al, 2016). The routine spraying of synthetic fungicides for the control of turfgrass
diseases causes contamination of groundwater and threatens the health of both
players and workers (Chai et al, 2002). For this reason, microbial antagonists have
been used to protect turfgrass areas (Ippolito & Nigro, 2000; Droby, 2006; Cuppels
etal, 2013).

Biological control is an effective alternative control strategy for the suppression
of turfgrass diseases. Biocontrol agents are effective against pathogens through
forms of antagonism such as antibiosis, competition and parasitism. Plant growth-
promoting rhizobacteria (PGPR) competitively colonize plant roots and stimulate
plant growth and/or reduce the incidence of diseases (Kloepper & Schroth 1978).
PGPR plays an important role in enhancing plant growth through the stimulation of
a wide variety of mechanisms that include (i) abiotic stress tolerance in plants; (ii)
nutrient fixation for easy uptake by plant; (iii) plant growth regulators; and the
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production of: (iv) siderophores, (v) volatile organic compounds, and (vi) protective
enzymes such as chitinase, glucanase, and ACC-deaminase for the inhibition of plant
diseases (Yuen et al, 1994; Ippolito & Nigro, 2000).

Despite the biological control of turfgrass disease still being in its developmental
stages, research results on the use of microbial fungicides for turfgrass disease
control have been promising. The results of laboratory and greenhouse studies have
shown that antagonistic fungi and bacteria are effective in turfgrass diseases. Some
bacterial strains isolated from turfgrass have shown promise for the control of some
root, leaf and crown diseases of turfgrass through the enhancement of systemic
resistance. For example, the C3 strain of Lysobacter enzymogenes was effective
against brown patch disease in Rhizoctonia solani (Giesler & Yuen 1998) and leaf
spot disease Bipolaris sorokiniana on Festuca aurundinacea (Kilic-Ekici & Yuen,
2003). In addition, Entorobacter coloasae was effective in suppressing brown patch
in greenhouse trials (Nelson 1992).

Commercial preparations of bio-pesticides containing microorganisms are being
successfully used against diseases of turfgrass. Bio-Trek (Trichoderma harzianum
strain 1295-22, also known as KRL-AG2) is the first Environmental Protection
Agency (EPA). Guard TM (Bacillus licheniformis), Rhapsody® (B. subtilis), Act
inovate® SP (Sypretomyces lydicus) and Spotless® (Pseudomonas aureofaciens) are
other microbial fungicides used against Pythium spp., Rhizoctonia spp., Fusarium
spp., Colletotrichum graminicola and Sclerotinia homeocarpa on turfgrasses
(Cawoy et al, 2011). However, no microbial fungicides have been registered against
turfgrass diseases in Turkey yet.

The objective of this research was to test bacterial strains from Turkey against F.
cerealis, which causes root and crown rot turfgrass, in a greenhouse experiment and
to proceed to biopesticide production if a promising bacterial isolate was found.

Materials and Methods

Microorganisms

A Fusarium cerealis strain (CFcl) isolated from diseased turfgrass plants and found
to be 92% virulent on turfgrass in a greenhouse experiment (Unal et al. 2016). Fresh
F. cerealis culture was developed on potato dextrose agar (PDA) (Difco
Laboratories, Detroit, MI) and stored at 4° C. Five antagonistic bacterial strains
isolated from the tomato rhizosphere and cucumber leaves in Turkey (Askin &
Katircioglu 2009) were grown on nutrient agar (NA).

Identification of bacteral strains

Molecular identification was based on the analysis of the 16S rrnA gene. Genomic
DNAs of bacterial strains were obtained using a Blood and Tissue Kit (QIAGEN
Inc. Valencia, CA). The 16S rDNA gene fragments were amplified by PCR by using
the universal primers 27F (5' AGAGTTTGATCMTGGCTCAG 3') and 1492R (5'
TACGGYTACCTTGTTACGACTT 3') (Lane 1991). The PCR reaction mixture and
conditions (temperature and time) were modified to carry out the PCR reaction. DNA
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replication was performed in an ABI Veriti (Applied Biosystem) thermal cycler by
using the following cycles for the initial denaturation: 5 min at 94 °C; 35 cycles of
amplification consisting of denaturation at 94 °C for 30 sec, annealing at 55 °C for
30 sec and extension at 72 °C for 2 min.; and a final extension of 10 min at 72 °C.
The amplicons visualized with gel translimunator were in the range of 1500-1550 bp
reported by Lane (1991). The PCR products were subjected to Sanger sequence
treatment in an Arge Laboratory (BM Gene Research and Biotechnology Company,
Ankara, Turkey). Bipartite raw sequence electropherograms were compared to the
isolate sequences in Gen Bank after BLAST screening in NCBI.

Pathogen Inoculation

Bottles of five hundred ml capacity containing wheat bran were autocalved for 1
hour at 121°C for two successive days. The F. cerealis isolates propagated in PDA
medium were placed on 10 mm diameter discs, 10 in each bottle, and incubated at
23 + 2 °C for 15-20 days (Papavizas & Davey 1962; Singleton et al. 1991).

Bacterial Inoculation

The bacterial strains were cultured in potato dextrose broth (PDB). After 24 hours,
the bacterial concentration was verified through spectrophotometry at a wavelength
(A) of 600 nm at an absorbance between 0.9 and 1 which is equivalent to a
concentration of 1x108 cfu/ml, and also by counting the colony forming units cfu/ml
via a total viability count. Turfgrass seeds surface-disinfected with sodium
hypochlorite (1%) were inoculated with the bacterial solutions by soaking during
shaking for 12 hours. Rhizobacterial stock cultures were maintained in nutrient agar
(NA) amended with 15% glycerol and stored at -80°C. Before being used in the
bioassays, the stock cultures were streaked onto NA plates and incubated at 28°C for
48 h (Askin & Katircioglu 2009).

Growth chamber experiment

A mixture of turfgrass seeds containing four species, namely Festuca rubra, Lolium
perenne, Poa pratensis and Festuca arundinacea, was used. The soil used was a 2:
1: 1 mixture of garden soil, river sand and burnt manure sterilized three times in an
autoclave at 121 °C for 45 min on consecutive days. The tests were carried out in
both sterilized and non-sterilized soils with three treatments: (1) negative control -
uncoated turfgrass seeds in sterilized soil; (2) positive control - uncoated turfgrass
seeds in infested soil to evaluate varietal sensitivity; and (3) coated turfgrass seeds
in infested soils to evaluate the antagonistic capacity of each isolate against F.
cerealis.

The mixture of inoculum (F. cerealis) and soil (5 g to 1 kg of soil) were filled in
sterile plastic pots (10 cm in diameter). After 4-5 days, turfgrass seeds coated with
the individual bacteria were planted at 1 cm depth 30 seeds per pot. The experiments
were carried out in 3 replicates in a randomized plot design. After incubation for 30
days at 23+1°C under a photoperiod of 12 h, the disease level on the seedlings was
rated on a modified 0-5 scale (Ichielevich-Auster et al. 1985), as follows
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0. healthy plant

1. 1-10%, reductionof plant height

2. 11-30%, reduction of plant height

3. 31-50%, reduction of plant height

4, 51-80%, reduction of plant height

5. Dead plant and / or ungerminated seed

These scale values were converted to disease severity values by using the
following formula of Karman (1971). Disease severity %= [Y, (no. of plants in
category x category value)] x 100 / Total no. of plants x max. category value.

Statistical Analysis

Variance analyses were performed with the SPSS GLM statistics program to
determine the differences between the treatments. The values obtained according to
the 0-5 scale were applied to the Tawsend-Heuberger formula to calculate the
severity of the disease and the activity of the bacterial isolates was determined with
the Abbott formula from the disease severity values. Disease severity values were
compared with the Tukey multiple comparison test.

Result and Discussion

Sequence data of the bacterial isolates used in this study showed 99-100% similarity
with isolates in GenBank. The identified bacterial isolates are as follow, with the
similarity percentage in brackets: one isolate - Stenotrophomonas rhizophila (100%),
one isolate - Pseudomonas putida (100%), one isolate - Pseudomonas putida (99.64
%), one isolate - Paenibacillus sp. (99.79 %) and one isolate - Bacillus cereus
(100%) (Table 1).

Table 1. Bacterial isolates used against Fusarium cerealis on turfgrass

Strain Code Bacteria
166fp Pseudomonas putida
215b Paenibacillus sp.
44 Bacillus cereus
88bfp Stenotrophomanas rhizophila
88cfp Pseudomonas putida

In the growth chamber experiments, the five tested bacterial strains had efficacies
ranging from 32.13% to 85.25% higher than the control. The lowest and highest
disease severities of 12.00% and 55.20%, respectively, were measured in the
treatments with S. rhizophila 88bfp and B. cereus 44, respectively. The highest
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protection effect was observed on isolate S. rhizophila 88bfp (85.25%). The isolate
Paenibacillus sp.215b (75.77%) followed it (Table 2) (Figure 1).

Table 2. The effects of Turkish bacterial strains on the turfgrass pathogen, Fusarium cerealis

Treatments Disease Efficacy (%)

severity(%o)*

Pseudomonas putida 166fp 3520+3922 ¢ 56.72
Paenibacillus sp.215b 19.73 £3.922 «cd 75.77
Bacillus cereus 44 5520+3922 b 32.13
Stenotrophomanas rhizophila 88bfp 12.00+3.922 d 85.25
P. putida 88cfp 33.60+3922 ¢ 58.69
(+) Control 81.33+3922 a

(-) Control 0.00

*There is no difference between the mean values followed by the same letter (P<0.0001).

In this greenhouse study, the suppression of root rot caused by F. cerealis on
turfgrass with strains of bacterial species collected in Turkey was investigated.
Fungi, actinomycetes and bacteria have been identified as useful microorganisms for
the biocontrol of soil-borne pathogens and insects, and they provide a promising
alternative to the use of chemical pesticides in plant protection (Becker & Schwinn,
1993; Cook, 1993; Cronin et al, 1997; Dunne et al, 1996, 1997; Keel & Defago,
1997). An important feature of effective biocontrol agents is their ability to remain
in the soil and aggressively colonize the rhizosphere. For this reason, it is suggested
that indigenous biocontrol microorganisms may provide more effective plant
protection in similar environments to those in which they normallyfunction (Cook
1993). In addition, several bacterial and fungal antagonists were found to inhibit
turfgrass pathogens Rhizoctonia solani, Sclerotinia homoeocarpa, Pythium
graminicola (Yuen et al, 1994, Lo et al, 1996, Zhang & Yuen, 1997), Magnaporthe
poae (Thompson et al, 1996), Bipolaris sorokiniana and Pythium ultimum (Zhang &
Yuen, 1997).

The use of bacteria as biological control agents is one of the fastest growing areas
of research in disease management. The bacterium Stenotrophomonas maltophilia
(=P. maltophilia or Xanthomonas maltophilia) has been isolated from the
rhizospheres and phyllospheres of grasses (Juhnke & Des Jardin, 1989; Palleroni &
Bradbury, 1993; Kobayashi et al, 1995; Behrendt et al, 1997). There are reports of
rhizosphere strains being used as effective antagonists of fungal root pathogens
(Dunne et al. 1997). Growth chamber studies indicate that the repeated
administration of Stenotrophomonas maltophilia has improved disease suppression
in comparison to standard practice. S. maltophilia populations re-established above
10" cfu/g of rhizosphere sample following each repeated application, indicating that
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these high populations are critical for disease suppression. Field work suggest that
S. maltophilia populations can be established in turfgrass at this level and disease
management can be achieved (Kobayashi et al, 1999). Stenotrophomonas
maltophilia strain W81, isolated from the rhizosphere of field-grown sugar beet,
produced the extracellular enzymes chitinase and protease. Stenotrophomonas
maltophilia is also an emerging human pathogen responsible for fatal infections.
Unlike S. maltophilia, S. rhizophila has no human pathogenic properties (Ribbeck-
Busch et al, 2005; Hagemann et al, 2006). Stenotrophomonas rhizophila has the
potential to directly improve plant growth as well as inhibit plant pathogens (Wolf
et al, 2002) and produce antifungal volatiles (Kai et al, 2007). Stenotrophomonas
rhizophila and S. maltophilia produce active antibiotics against certain fungi and
bacteria (Minkwitz & Berg, 2001; Wolf et al, 2002; Romanenko et al, 2008). S.
Stenotrophomonas maltophilia R3089 and S. rhizophila P69 also produce small,
volatile compounds that negatively affect the mycelial growth of the soil-borne
phytopathogenic fungus, Rhizoctonia solani (Kai et al, 2007). In this study, S.
rhizophila 215b isolate increased the plant growth, as well as inhibited F. cerealis.

Figure 1. Effects on turfgrass seedlings of bacterial strains antagonistic to root rot causing
F. cerealis in greenhouse experiments: A) S. rhizophila 88bfp; B) Paenibacillus sp. 215b;
and C) B. cereus 44.

The promotion of plant growth through the simultaneous control of disease by
several species of Paenibacillus, which has been reported in many plants (Larsen et
al. 2009; Khan et al, 2012; Naing et al, 2014), involves indirect mechanisms such as
the stimulation of plant hormone production, and direct mechanisms such as nitrogen
fixation, soil phosphorus dissolution and the suppression of phytopathogens
(Timmusk et al, 1999; Coelho, 2003; Khan et al, 2008; Raza et al, 2011).

The authors of the present study understand that this is the first time that the native
Turkish S. rhizophila 88bfp strain and Paenibacillus sp. have been used against root
and crown rot of turfgrass in Turkey. Open field experiments with the S. rhizophila
88bfp and Paenibacillus sp.215b strains to determine their mechanism(s) of action
would complement the present study.

The future of biological control of turfgrass diseases appears promising.
Resistance-inducing and antagonistic rhizobacteria may be useful in formulating
new inoculants, thereby offering an attractive alternative for the environmentally
friendly biological control of plant diseases and improving the profitability of
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cropping systems in which they can be successfully applied. These PGPRs require
the implementation of a systematic strategy designed to fully utilize all their potential
benefits; the application of combinations that include different mechanisms of action
will help maintain or even increase crop yields while the need for chemical
treatments is reduced.

Acknowledgment

The authors thank the Ankara Plant Protection Central Research Institute for its
support.

References

Askin A. & Y. Z. Katircioglu 2009. The effect of fluorescent Pseudomonas on damping-off
of tomato seedlings caused by Pythium deliense. Plant Protection Bulletin, 49: 169-182.

Askm A. & S. Ozan 2013. Investigation of Bacillus spp. against Pseudoperonspora cubensis
causing doawny mildev in cucumber in Middle Anatolia. Plant Protection Products and
Machines Congress, Antalya.

Becker I. O. & F. J. Schwinn 1993. Control of soil-borne pathogens with living bacteria and
fungi status and outlook. Pesticide Science, 37: 355-363.

Behrendt U., T. Muller & W. Seyfarth 1997. The influence of extensification in grassland
management on the populations of micro-organisms in the phyllosphere of grass.
Microbiological Research, 152: 75-85.

Cawoy H., W. Bettiol, P. Fickers & M. Ongena 2011. Bacillus-based biological control of
plant diseases. In: Stoytcheva M, editor. Pesticides in the modern world: pesticides use
and management. InTech; Rijeka, Croatia.

Chai B., S. B. Magbool, R. K. Hajela, D., Green, Jr, J. M., Vargas, D. Warkentin, R. Sabzikar
& M. B. Sticklen 2002. Cloning of a chitinase-like cDNA (hs2), its transfer to creeping
bentgrass (Agrostis palustris Huds.) and development of brown patch (Rhizoctonia
solani) disease resistant transgenic lines. Plant Science, 163: 183-193.

Coelho M. R. R., I. von der Weid, V. Zahner & L. Seldin 2003. Characterization of nitrogen-
fixing Paenibacillus species by polymerase chain reaction—restriction fragment length
polymorphism analysis of part of genes encoding 16S rRNA and 23S rRNA and by
multilocus enzyme electrophoresis. FEMS Microbiology Letters. 222: 243-250.

Cook R. I. 1993. Making greater use of introduced micro-organisms for biological control of
plant pathogens. Annual Review of Phytopathology,3: 53-80.

Cronin D., Y. MoBnne-Loccoz, A. Fenton, C. Dunne, D. N. Dowling & F. O'Gara 1997. Role
of 2,4-diacetylphloroglucinol in the interactions of the biocontrol pseudomonas strain
F113 with the potato cyst nematode Globodera rostochiensis. Applied Environmental
Microbioogy, 63: 1357-1361.

Crowley D.C., J. J. Moenne-Loccoz, Y. Dowling, D. N., F. J. de Bruijn & F. O’Gara 1997.
Biological control of Pythium ultimum by Stenotrophomonas maltophilia W81 is
mediated by an extracellular proteolytic activity. Microbiology, 143: 3921-3931

Cuppels D. A., J. Higham & J. A. Traquair 2013. Efficacy of selected streptomycetes and a
streptomycete + pseudomonad combination in the management of selected bacterial and
fungal diseases of field tomatoes. Biological Control, 67: 361-372.

Droby S. 2006. Improving quality and safety of fresh fruit and vegetables after harvest by the
use of biocontrol agents and natural materials. Acta Horticulturae, 709:45-52.

30



Tiirk. Biyo. Miicadele Derg. Senocak et al., 2020, 11(1):23-33

Dunne C., I. Delany, A. Fenton, S. Lohrke, Y. MoBnne-Loccoz & F. O'Gara 1996. The
biotechnology and application of Pseudomonas inoculants for the biocontrol of
phytopathogens. In Biology of plant-Microbe Interactions, pp. 441-448.

Dunne C., J. J. Crowley, Y. Moenne-Loccoz, D. N. Dowling, F. J. de Bruijn & F. O’Gara
1997. Biological control of Pythium ultimum by Stenotrophomonas maltophilia W81 is
mediated by an extracellular proteolytic activity. Microbiology 143: 3921-3931.

Giesler L. J. & G. Y. Yuen 1998. Evaluation of Stenotrophomonas maltophilia strain C3 for
biocontrol of brown patch disease. Crop Protection, 17: 509-513.

Hagemann M., , D. Hasse & G. Berg 2006. Detection of a phage genome carrying a zonula
occludens like toxin gene (zot) in clinical isolates of Stenotrophomonas maltophilia.
Archives of Microbiology, 185: 449-458.

Ichielevich-Auster M., B. Sneh, Y. Koltin, I. Barash 1985. Pathogenicity, host specificity and
anastomosis groups of Rhizoctonia spp. isolated from soils in Israel. Phytoparasitica
13:103-112.

Ippolito A. & F. Nigro 2000. Impact of preharvest application of biological control agents on
postharvest diseases of fresh fruits and vegetables. Crop Protection, 19,: 715-723.

Juhnke M. E. & E. O. Des Jardin 1989. Selective medium for isolation of Xanthomonas
maltophilia from soil and rhizophere environments. Applied Environmental
Microbiology, 55: 747-750.

Kai M., U. Effmert, G. Berg & B. Piechulla 2007. Volatiles of bacterial antagonists inhibit
mycelial growth of the plant pathogen Rhizoctonia solani. Archives of Microbiology, 187:
351-360.

Karman M. (1971). Bitki koruma arastirmalarinda genel bilgiler, Denemelerin kurulusu ve
degerlendirme esaslart. Bornova-Izmir, 279s.

Keel C. & G. Defago 1997. Interactions between beneficial soil bacteria and root pathogens:
mechanisms and ecological impact. In Multitrophic Interactions in Terrestrial Systems,
pp. 2746. Edited by A. C. Gange & V. K. Brown. Oxford: Blackwell Scientific
Publications.

Khan Z., S.G. Kim, Y.H. Jeon, H.U. Khan, S.H. Son & Y.H. Kim 2008. A plant growth
promoting rhizobacterium, Paenibacillus polymyxa strain GBR-1, suppresses root-knot
nematode. Bioresource Technolog,. 99: 3016-3023.

Khan N., A. Mishra, & C. S Nautiyal 2012. Paenibacillus lentimorbus B-30488r controls
early blight disease in tomato by inducing host resistance associated gene expression and
inhibiting Alternaria solani. Biological Control, 62: 65-74.

Kilic-Ekici O. & G. Y. Yuen 2003. Induced resistance as a mechanism of biological control
by lysobacter enzymogenes strain C3. Phytopathology. 93(9): 1103-1110.

Kloepper J. W. & M. N. Schroth 1978). Plant growth-promoting rhizobacteria on radishes.
In Proceedings of the IVVth International Conference on Plant Pathogenic Bacteria, 2, 879—
882 (Station de Pathologie Végétale et Phytobactériologie, INRA, Angers, France,)

Kobayashi D. Y., M. Guglielmoni & B. B. Clarke 1995. Isolation of the chitinolytic bacteria
Xanthomonas maltophilia and Serratia marcescens as biological control agents for
summer patch disease of turfgrass. Soil Biology and Biochemistry. 27: 1479-1487.

Kobayashi D. Y., J. D. Palumbo & M. A. Holtman 1999. Potential for use of
Stenotrophomonas maltophilia and a related bacterial species for the control of soilborne
turfgrass diseases. ACS Symposium Series, 743: 353-362.

Lane D. J. 1991. 16S/23S rRNA Sequencing In Nucleic Acid Techniques in Bacterial
Systematics; Stackebrandt, E., Goodfellow, M., Eds.; John Wiley and Sons: New York,
NY, USA; pp. 115-175.

31



Biological control of Fusarium cerealis

Larsen J., P. Cornejo, & J. M. Barea 2009. Interactions between the arbuscular mycorrhizal
fungus Glomus intraradices and the plant growth promoting rhizobacteria Paenibacillus
polymyxa and P. macerans in the mycorrhizosphere of Cucumis sativus. Soil Biology and
Biochemistry, 41: 286-292.

Lo C. T., E. B. Nelson & G. E. Harman 1996. Biological control of turfgrass diseases with a
rhizosphere competent strain of Trichoderma harzianum. Plant disease, 80 (7): 736-742.

Minkwitz A. & G. Berg 2001. Comparison of antifungal activities and 16S ribosomal DNA
sequences of clinical and environmental isolates of Stenotrophomonas maltophilia.
Journal of Clinical Microbiology, 39: 139-145.

Naing K. W., M. Anees, X. H. Nguyen, Y. S. Lee, S. W Jeon,, S. J. Kim, M. H. Kim & K.Y.
Kim 2014. Biocontrol of late blight disease (Phytophthora capsici) of pepper and the
plant growth promotion by Paenibacillus ehimensis KWN38. Journal Phytopathogy,
162: 367-376.

Nelson E. B. 1992. Biological control of turfgrass diseases. Information Bulletin 220. A
Cornell Cooperative Extention Publication. Pp.1-12.

Nelson E. B. & C. M. Craft 1991. Identification and comparative pathogenicity of Pythium
spp. from roots and crowns of turfgrsses exhibiting symptoms of root rot.
Phytopathology, 81: 1529-1536.

Palleroni N. J., & J. F. Bradbury 1993. Stenotrophomonas, a new bacterial genus for
Xanthomonas maltophilia (Hugh 1980) Swings et al. 1983. International Journal of
Systematic Bacteriolog: 43, 606-609.

Papavizas G. C. & C. B. Davey 1962. Activity of Rhizoctonia in soil as affected by carbon
dioxide. Phytopathology, 52: 759-766.

Poor E. M. J. & S. Riahinia 2017. Identification of Fusarium species 1solated from turfgrass
in Qom Province, Iran: A Case Study. International Journal of Agriculture and
Biosciences, 6(2): 92-96.

Raza W., K. Makeen, Y. Wang, Y. Xu, & S. Qirong 2011. Optimization, purification,
characterization and antioxidant activity of an extracellular polysaccharide produced by
Paenibacillus polymyxa SQR-21. Bioresource Technology, 102: 6095-6103.

Ribbeck-Busch K., A. Roder, D. Hasse, W. de Boer, J.LL Martinez, M. Hagemann, & G. Berg
2005. A molecular biological protocolto distinguish potentially human pathogenic
Stenotrophomonas maltophilia from plant-associated Stenotrophomonas rhizophila.
Environmental Microbiology, 7: 1853-1858.

Romanenko L. A., M. Uchino, N. Tanaka, G. M. Frolova, N. N. Slinkina & V. V. Mikhailov
2008. Occurrence and antagonistic potential of Stenotrophomonas strains isolated from
deep-sea invertebrates. Archives of Microbiology, 189: 337-344.

Singleton P. W., P. L. Woomer, J. E. Thies, P. L. Nakao & B. B. Bohlool 1991. NilTAL
Project, Universityof Hawaii, Paia.

Smiley R. W, P. H. Dernoeden & B. B. Claeke 1992. Compendium of Turfgrass Diseases.
2nd edition, APS Press. St Paul, USA.

Smiley R. W. & D. C. Thompson 1985. Soil and atmospheric moistures associated with
Fusarium crown rot and foliar blight of Poa pratensis. Plant Disease, 69: 294-297.

Smith J. D., N. Jackson, & A. R. Woolhouse 1989. Fungal diseases of amenity turfgrasses.
3rd edition E and F, Spon, London.

Thompson D. C., B. B Clarke & D. Y. Kobayashi 1996. Evaluation of bacterial antagonists
for reduction summer patch symptoms in Kentucky bluegrass. Plant Disease, 80(8): 856-
862.

32



Tiirk. Biyo. Miicadele Derg. Senocak et al., 2020, 11(1):23-33

Timmusk A., B. Nicander, U. Granhall & E. Tillberg 1999. Cytokinin production by
Paenibacillus polymyxa. Soil Biology and Biochemistry, 31: 1847-1852.

Unal F., S. Tiilek, A. F. Yildirim, 1. Kurbetli, O. Oztiirk, Y. Akinci, S. Kaymak, E. Koca &
F. S. Dolar 2016. Tiirkiye Cim Alanlarinda Zarar Olusturan Fusarium Tiirleri ve
Viriilenslikleri. VI. Bitki Koruma Kongresi Bildirileri, Konya, 497s.

Wolf A., A. Fritze, M. Hagemann & G. Berg 2002. Stenotrophomonas rhizophila sp. nov., a
novel plant-associated bacterium with antifungal properties. International Journal of
Systematic and Evolutionary Microbiology International Journal of Systematic and
Evolutionary Microbiology, 52: 1937-1944.

Yuen G. Y., M. L. Craing & L. J. Giesler 1994. Biological control of Rhizoctonia solani on
tall fescue using fungal antagonists. Plant Disease, 78: 118-123.

Zhang Z. & G. Y. Yuen 1997. Chitinolytic properties of Steno- trophomonus maltophiliu
strain C3, an antagonist of fungal turfgrass pathogens. Phytopathology, 87: p109.

33



