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Abstract

In this study, nematicidal activity of two different isolates (BY2 and BIM-001) of
the Beauveria bassiana (Bals.-Criv.) Vuill was investigated on Pratylenchus
thornei Sher et Allen) (Tylenchida: Pratylenchidae) using culture filtrates and
spore suspensions. Three spore suspensions (1x108, 1x107, 1x 108 spore/ml) and
four culture filtrate concentrations (1X, 10X, 20X, 50X) were tested in the study.
Depending on the treatment; 2 ml of spore suspensions or culture filtrates in
different concentrations of both isolates and 400 larvae+adults from P. thornei
were transferred to 6 mm petri dishes. The dead nematodes were counted under a
light microscope after 24 and 72 hour and their mortality rate (%) were calculated.
The nematicidal effect of culture filtrates of B. bassiana BY2 and BIM-001
isolates on P. thornei was found to be higher than the spore suspension. It was
determined that the 1X concentration of culture filtrate of B. bassiana BY2
reached 100% mortality rate on P. thornei after 24 hour. After 72 hours, 10X
(99.0%) concentrations of BY2 isolate and 1X (100%) and 10X (93.2%)
concentrations of BIM isolate showed similar nematicidal activity with the
commercial nematicide Velum (97.6%). On the other hand, after 72 hour, P.
thornei mortality rate was 75.5% and 64.1%, respectively, at a concentration of
108 spore/ml of B. bassiana BY2 and BIM-001 isolates. This study will contribute
to the development of a new control method as an alternative to the use of crop
rotation and resistant cultivars in the control of P.thornei.
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and legume roots in many countries of the world (Smiley

Root lesion nematodes (Pratylenchus spp.) are
migratory plant-parasitic nematodes and cause lesions
and necroses in the roots of the plants (Davis et al.,
2011). These nematodes lead to significant economic
losses that are common in fruits, vegetables and field
crops worldwide (Smiley and Nicol, 2009). They
damage cells in stems, thus plants cannot properly
absorb water and nutrients from the soil, resulting in
symptoms similar to nutrient and water deficiency
(Castillo and Vovlas, 2007; Kumar et al., 2018). In
addition, root lesion nematodes indirectly cause
economic losses by helping many soil-borne diseases
and pests enter the plant (Smiley et al., 2004; Go6ze
Ozdemir, 2020). Pratylenchus thornei Sher & Allen
1953 is an economically important pest found in grains

and Nicol, 2009; Ganguly and Pandey, 2012; Thompson
et al., 2017; Mokrini et al., 2019; Kumar et al., 2018).
Pratylenchus thornei and P. neglectus were widely
reported in cereal production areas in Turkey (Dababat
et al., 2019; Yavuzaslanoglu et al., 2012, 2020; Goze
Ozdemir et al., 2021;). It has been reported that cysts and
root lesion nematodes in wheat in the Central Anatolian
Plateau of Turkey cause about 50% yield loss (Nicol and
Ortiz Monastterio, 2004). Field hygiene, use of resistant
and tolerant varieties and non-host crop rotation are
more preferred for the control of P. thornei as in the
management of other plant-parasitic nematodes. In
addition, cereals cultivation in very large areas makes
chemical control less economical. In recent years,
biological control of plant parasitic nematodes has been

65


https://orcid.org/0000-0003-1969-4041
https://orcid.org/0000-0002-4822-4762
https://orcid.org/0000-0001-7240-8898
https://doi.org/10.31015/jaefs.2022.1.10
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://www.jaefs.com/
https://dergipark.org.tr/jaefs

F.G.G. Ozdemir, A.U. Yigit, O. Demirozer

Int J Agric Environ Food Sci 6 (1): 65-71(2022)

reported as an important management strategy (Timper,
2014; Lietal., 2015; de Oliveira, 2021). A large number
of microorganisms are known as antagonists of plant
parasitic nematodes (Akhtar and Malik, 2000). Some
soil-borne pathogens have promising potential in the
control of plant parasitic nematodes (Anke and Sterner,
1997). Culture filtrates of many entomopathogenic fungi
are known to be effective against plant parasitic
nematodes, and this nematicidal effect is thought to be
caused from toxic metabolites produced by the fungus
(Caroppo et al., 1990; Liu et al., 2008; Goze Ozdemir
and Arict, 2021).

Beauveria bassiana (Bals.-Criv.) Vuill belonging to
entomopathogenic fungi (Hypocreales:
Cordycipitaceae) has great potential in the control of
many insects and arthropods (Feng et al., 2004; Pu et al.,
2005; Hatting et al., 2012; Demirozer et al., 2016;

Canassa et al., 2019; Uzun et al., 2021). It has been
known that many species of Beauveria secrete
secondary metabolites such as bassianin, bassiacridin,
beauvericin, bassianolide, beauverolides, tenellin and
oosporein (Strasse et al., 2000; Quesada and Vey, 2004).
These secreted toxins act as a thrombocyte inhibitor in
the insect body (Butt et al., 2001). The culture filtrate of
B. bassiana isolate has been determined to have high
nematicidal effect on Ditylenchus destructor,
Meloidogyne incognita (J2), M. hapla (J2), Heterodera
glycines  (J2),  Aphelenchoides  besseyi  and
Caenarhabditis sp. (Liu et al., 2007; 2008; Zhao et al.,
2013).

There are very few studies about the nematicidal
effect of B. bassiana on root lesion nematodes.
Therefore, this study aimed to determine the nematicidal
activity of different spore and culture filtrate
concentrations of two different B. bassiana isolates
(BY2 and BIM-001) originated from Turkey against the
root-lesion nematode P. thornei under in vitro
conditions.

Materials and Methods

Materials

Beauveria bassiana BIM-001 isolate obtained from
Leptinotarsa decemlineata Say in Isparta potato fields
and BY2 isolate obtained from Haplothrips sp. in Burdur
wheat fields were used in the study (Sari, 2020; Uzun,
2020;). Different spore (108, 107, 10% spore/ml) and
culture filtrate concentrations (1X, 10X, 20X and 50X)
of these isolates were used. Entomopathogenic fungal
isolates were kept in the Integrated Control Laboratory
of the Plant Protection Department in Isparta University
of Applied Sciences (ISUBU) and renewed periodically
to prevent the loss of pathogenicity.

The Pratylenchus thornei isolate (SK11) was
obtained from a wheat field in Sarkikaraagag in Isparta,
Turkey and identified in previous studies (Go6ze
Ozdemir, 2020; 2021). Mass production of P. thornei
was carried out in carrot discs and renewed every four
months in the Nematology Laboratory of the Plant
Protection Department in ISUBU (Zuckerman 1985).
Nostalgist (B. bassiana strain Bb-1, Agrobest Grup Ltd.
Sti, Turkey) and Velum (Fluopyram, Bayer Group Co.
Ltd.) commercial preparations were used in positive
control applications. The distilled water was used as
negative control.

Preparation of the spore suspension

Beauveria bassiana BIM-001 and BY 2 isolates were
cultured on potato dextrose agar (PDA) and incubated
for 10 days at 25°C under dark conditions. Spore
suspensions (108, 107, 108 spore/ml) were prepared by
counting spores in a hemocytometer.

Preparation of the culture filtrate

Beauveria bassiana BIM-001 and BY2 isolates were
cultured in 250 ml flasks containing 50 ml PDB (potato
dextrose broth agar) and sterilized at 121 °C for 20 min.
Then, 1 cm? pieces of 2-week-old fungus colony grown
in Potato Dextrose Agar (PDA) were taken into each
erlenmeyer flask and incubated at 25 ° C in the dark for
10 days. The flasks were manually shaken every day
during the incubation period. After ten days, the culture
filtrate was first passed through two layers of filter paper
(Whatman No. 1) to remove fungus spores and micelles,
then re-filtered through a 0.45 1m pore size filter.
Obtained filtrate were used as the pure (1X) culture
solution. Other concentrations (10X, 20X and 50X)
were prepared by diluting the pure culture with sterile
distilled water (Liu et al., 2008). They were kept in the
refrigerator at 4° C until used in the experiment.

Nematode inoculum

The carrot discs in which Pratylenchus thornei was
produced were transferred to 120 mm petri dishes. Then
they were cut into small pieces, and sterile distilled
water was added to cover the petri dish. After six hours,
the nematodes were extracted using the Baermann
funnel method (Mudiope et al., 2004). Adult and larvae
of P. thornei population were counted under the light
microscope at 10X magnification. Then, P. thornei
nematode density to be used in the study was adjusted
and the inoculum was kept in the refrigerator at 4° C in
eppendorf tubes containing pure water.

Nematicidal effect bioassays

The treatments carried out to determine the
nematicidal effects of spore and culture filtrates at
different concentrations of two B. bassiana isolates on
P. thornei were carried out in plastic petri dishes (6 cm
diameter). All treatments were conducted according to a
randomized plot design with five replications. The petri
dishes were kept at 25 + 1°C and 60% relative humidity
during the treatments. Depending on the treatment
group; 2 ml of spore suspensions or culture filtrates of
different concentrations of both isolates and 50
microliters (400 larva+adults) from P. thornei inoculum
were transferred to petri dishes (Liu et al. 2008;
Kepenekgi et al. 2018). As a positive control treatment,
the nematicidal effects of commercial plant protection
products Nostalgist and Velum (at maximum field
application doses of 250 ml/da and 120 ml/da,
respectively) on P. thornei were investigated with the
same method. In the negative control, sterile distilled
water was used. After 24 and 72 h, dead and living P.
thornei individuals were counted under the light
microscope at 20X magnification and the results were
recorded. During counting, the nematode individual that
did not move when touched with a thin needle (38X0.30
mm) was considered dead (Cayrol et al., 1989; Zhao et
al., 2013). Mortality rates were calculated from the
obtained values (Liu et al., 2008).

Statistical analysis

All data obtained in the study were statistically
analyzed by the SPSS 20.0 program. Analysis of
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variance (ANOVA) was performed to test the
differences between the means of mortality rates. Means
of mortality rates at different observation times were
compared with Tukey's HSD test at a significance level

of p<0.05.
Results and Discussion
Nematicidal effect bioassays of  spore

concentrations

The mortality rates at 10%, 10" and 108 spore/ml
concentrations of BY2 isolate of B. bassiana were 9.5%,
20.9% and 42.8% respectively after 24 h whereas these
rates in BIM-001 isolate were 5.9%, 16.7% and 35.1%,
respectively. It was found that the mortality rates were
found higher even at the lowest concentration of B.
bassiana isolates than the control at 24 h after the
application. At the highest concentration of both
isolates, the mortality rates at 24 h were found to be
below 50%. There were significant differences between
the mortality rates for each application dose of B.
bassiana isolates compared to the control after 24 h. The
mortality rates of Nostalgist (B. bassiana strain Bb-1),
commercial bioinsecticide, were 22.8% and 27.9% at 24
and 72 h, respectively. After 72 h, the nematicidal effect
of Nostalgist (22.8%) was higher than B. bassiana 10°
spores/ml concentration when compared to BIM-001
(15.2%) and BY2 (20.0%) isolates, but lower than 107
and 108 spore/ml concentrations of both isolates. The
mortality rates of BIM-001 isolate at 10" and 108
concentrations were 35.9% and 64.1%, respectively
while those of BY2 isolate at the same concentrations
were 41.7% and 75.5%, respectively after 72 h. The
nematicidal effect of B. bassiana BY2 isolate was
determined to be higher than BIM-001 and a statistically
significant difference was found between each spore
suspension concentrations of BIM-001 and BY2 isolates
(p < 0.05). It was observed that the mortality rate of P.
thornei increased directly proportional to the spore
concentration in both isolates of B. bassiana at 24 and
72 h. The mortality rates of the commercial nematicide
Velum (Fluopyram) were 92.2% and 97.6% at 24 and 72
h, respectively. The mortality rates of both isolates at a
concentration of 108 spore/ml were over 50% at 72 h
after application. A statistically significant difference
was found between BIM-001 (64.1%) and BY 2 (75.5%)
isolates of B. bassiana at 108 spore/ml concentration and
Velum (97.6%) in terms of mortality rate (p < 0.05). It
was determined that the nematicidal effect of B.
bassiana differs according to the isolates, spore
concentrations of the entomopathogenic fungus and the
time passed after the application (Table 1).

Nematicidal effect bioassays of culture filtrate

The mortality rates of 1X, 10X, 20X and 50X
concentrations of B. bassiana culture filtrate were
100.0%, 46.5%, 23.1% and 14.7% respectively in BY2
isolate after 24 h, whereas these rates were 85.3%,
48.1%, 20.3% and 10.9% in BIM-001 isolate. It was
determined that the mortality rate decreased with the
dilution of the culture filtrate. The pure culture filtrate
concentration of BY2 isolate (1X) killed all P. thornei
adult+larvae stages in 24 h. In BIM-001 isolate, the
mortality rate was 85.3% at 1X concentration in 24 h,
while it was 100% after 72h. It was observed that the
nematicidal effect increased over time at other culture
filtrate concentrations. The mortality rates of B.

bassiana BY2 culture filtrate in 1X, 10X, 20X and 50X
concentrations were 100.0%, 99.0%, 46.4% and 27.8%,
respectively, whereas these rates were 100.0%, 93.2%,
36.5% and 22.1% in BIM-001 isolate. The mortality
rates were found to be below 50% at 20X and 50X
culture filtrate concentrations of both isolates. However,
the nematicidal effect of B. bassiana BY2 was higher
considering the low culture filtrate concentrations. The
difference between 1X concentration of BY2 isolate
(100%) and Velum (92.2%) was statistically significant
at 24 h, therefore the nematicidal effect of BY2 was
higher than the commercial nematicide Velum (p <
0.05). On the other hand, this difference was not
statistically significant for 1X concentration of BIM-001
isolate (p > 0.05). After 72 h, the nematicidal effect of
10X concentration of BY?2 isolate was similar to that of
1X concentration. Also, there was no statistically
significant difference between the mortality rates at 1X
and 10X concentrations of BIM and BY?2 isolates (p >
0.05). The nematicidal effect of Nostalgist was similar
to the effect of 50X culture filtrate concentration of B.
bassiana BIM-001 and BY2 at 72 h. However, the
nematicidal effects of 1X, 10X and 20X concentrations
of the culture filtrate in both isolates were higher than
Nostalgist at 72 h. The mortality rates of Nostalgist and
50X concentration of the two isolates were significantly
higher than the control (the pure water) (Table 2).

It was determined that the nematicidal effect of
Turkish isolates named BY2 and BIM-001 of B.
bassiana obtained from different insects reached 75.5%
and 64.1% mortality, respectively, at 72 h in vitro. The
mortality rate occurred at 108 spores/ml concentration of
B. bassiana on P. thornei was higher than Nostalgist
which was a commercial bioinsecticide containing B.
bassiana. There are very few studies about the
nematicidal effect of B. bassiana on root lesion
nematodes. Kepenekci et al. (2017) investigated the
effect of 10%, 10" and 108 cfu/ml-1 suspensions of two
Turkish B. bassiana isolates (F-56 and F-63) in the
tomato field infested with Meloidogyne incognita and
M. javanica, then they reported that 10® cfu/ml-1
suspension in each two isolates showed a nematicidal
effect and positively affected the yield.

The nematicidal effect of the culture filtrates of B.
bassiana BY2 and BIM-001 isolates on P. thornei was
higher than the spore suspensions of the two isolates.
The culture filtrates of BIM-001 and BY2 had a high
nematicidal effect (1X, 100%) on P. thornei at 72 h in
vitro. Since the culture filtrate is a fermented product, it
is thought that the nematicidal effect may have increased
with the synergistic or antagonistic effect of the
secondary compounds in its content and the possibility
of higher amount of enzymes and toxins (Ciancio, 1995;
Nitao et al., 1999; Lopez-Llorca et al., 2006; Kim et al.,
2013). Extracellular hydrolytic protease and chitinase
enzymes produced for cuticle penetration and digestion
by fungi used as biocontrol agents are effective on
nematodes (Morton et al., 2004; Huang et al., 2004).
Regaieg et al. (2010) reported that M. incognita eggs
exposed to Verticillium leptobactrum culture filtrates
deteriorated due to the defect in the chitin layers and
appeared collapsed. Chitinase and proteinase enzymes
purified from V. suchlasporium were found to break
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down the shells of Globodera pallida eggs (Tikhnov et
al., 2002).

In the present study, the mortality rates (%) of B.
bassiana BY2 and BIM-001 isolates on P. thornei were
found to be 100% and 85.3%, respectively, at 1X culture
filtrate concentration after 24 h and the nematicidal
effect of BY2 isolate was higher than Velum (92.2%).
In terms of the nematicidal effect, it was found that
Velum (97.6%), 10X (99.0%) concentration of BY2
isolate and 1X (100%) and 10X (93.2%) concentrations
of BIM isolate were in the same statistical group after
72 h. Lu et al. (2016) found that the culture filtrate of
four out of 10 B. bassiana isolates had high virulence
against Pratylenchus sp. and mortality rates of the BD-
B173, BD-B180, BD-B061-3 and BD-B315 isolates
were 97.20%, 96.50%, 91.16% and 90.32%,
respectively after 24 h. Zhao et al. (2013) determined

that the culture filtrate of nine B. bassiana isolates
completely killed the Caenarhabditis sp. within 48 h
while caused 15-96% mortality on M. incognita, 15-
65% on Aphelenchoides besseyi, and 51-100% on
Heterodera glycines. Liu et al. (2008) stated that 1X
(96.5%) and 5X (88.9%) concentrations of B. bassiana
culture filtrate showed high antagonistic activity against
J2 of M. hapla, and 1X concentration achieved the same
mortality as Aldicarb (96.5%). Chen at al. (1996)
reported that although the parasitization rate of H.
glycines eggs of B.bassiana was low, larvae hatching
was suppressed in parasitized eggs. Sun et al. (2006)
found that the parasitization rate of eggs and females of
B. bassiana was 100% on Meloidogyne spp. It was
observed in previous studies that the nematicidal effect
of B. bassiana may differ according to the nematode
species.

Table 1. Mortality rates (%) of spore suspension concentrations of different Beauveria bassiana isolates on
Pratylenchus thornei

Observation Times*

24 h 72 h

Entomopathogenic Fungus isolates  Entomopathogenic Fungus isolates

BY2 BIM-001 BY2 BIM-001
Treatments Mean of Mortality rate%z Standart error
106 spore/ml 9.5+0.3d A 59+0.6e B 20.0£09e A 15.2+0.8e B
107 spore/ml 20.9+0.7¢c A 16.7+0.7d B 41.7¢1.3¢c A 35.9+1.7¢cB
108 spore/ml 42.8t1.1b A 35.1+1.1b B 75.5+1.3b A 64.1+2.1b B
Nostalgist®(Positive 22.8+0.8 ¢ 22.8+0.8 ¢ 27.8+1.1d 27.8+1.1d
control)
Velum® (Positive control) 92.2+1.0a 92.2+1.0a 97.6+x1.1a 97.6x1.1a
Distilled water (Negative 0.9+0.1e 0.9+0.1f 1.1+0.1f 1.1+0.1f

control)

*Different uppercase letters in the same row and different lowercase letters in the same column indicate that the means

differ significantly (p < 0.05).

Table 2. Mortality rates (%) of culture filtrate concentrations of different Beauveria bassiana isolates on
Pratylenchus thornei

Treatment Observation Times*
24 h 72h
Entomopathogenic Fungus isolates Entomopathogenic Fungus isolates
BY2 BIM-001 BY2 BIM-001
Mean of Mortality rate%z+ Standart error
1X 100.0+0.0a A 85.3+3.7aB 100.0+0.0a A 100.0+0.0a A
10X 46.5+1.4c A 48.1+0.8 b A 99.0£0.7a A 93.2+28b A
20X 23.1+09d A 20.3£0.7cB 46.4+2.0b A 36.5+0.8¢c B
50X 14.7+0.5e A 10.9+1.1dB 27.8+09CcA 22.1¥1.4dB
Nostalgist® 22.8+0.8d 22.8£0.8 c 27.8+1.1c 27.8+1.1d
(Positive control)
Velum® 92.2+1.0b 92.2+1.0a 97.6+1.1a 97.6x1.1ab
(Positive control)
Distilled water 0.9+0.1f 0940.1e 1.1+0.1d 1.1+0.1e

(Negative control)

*Different uppercase letters in the same row and different lowercase letters in the same column indicate that the means

differ significantly (p < 0.05).

Conclusion

The inoculum method of B. bassiana was found
important for the nematicidal effect on P. thornei, and
the culture filtrate method had higher potential than
spore suspension. In addition, there was no statistically
significant  difference between 1X and 10X
concentrations of both entomopathogenic fungal isolates

(BY2 and BIM-001) and Velum after 72 h under
laboratory conditions. These concentrations show
similar results with Velum, a chemical nematicide,
suggesting that B. bassiana BY?2 and BIM-001 isolates
are promising in the control of P. thornei under in vitro
conditions. It is thought that re-evaluation of the
obtained results for culture filtrate concentrations in this
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study would be beneficial for application in open field

studies for both isolates Ethical approval

Compliance with Ethical Standards Ethics committee approval is not required.
Conflict of interest Funding

The authors declared that for this research article, they No financial support was received for this study.
have no actual, potential or perceived conflict of interest. Data availability

Author contribution Not applicable.

FGGO and AUY participated in the nematicidal effect Consent for publication

bioassays and collected of data. OD performed Not applicable.

statistically analysis of these data. FGGO, AUY and OD Acknowledgements

wrote the manuscript, read and approved the final We thank Agrobest Group Ltd. Sti, Turkey for providing

manuscript. the Nostalgist biopreparation (B. bassiana strain Bb-1).

References

Akhtar, M., & Malik, A. (2000). Roles of organic soil amendments and soil organisms in the biological control of plant-
parasitic nematodes: a review. Bioresource Technology, 74 (1):35-47. https://doi.org/10.1016/S0960-
8524(99)00154-6

Anke, H., & Sterner, O. (1997). Nematicidal metabolites from higher fungi. Current Organic Chemistry, 1 (4):361-374.
https://books.google.com.tr/books?

Butt, T.M., Jackson, C., & Magan, N. (2001). Introduction — fungal biological bontrol agents: progress, problems and
potential, in Fungi as Biocontrol Agents: Progress, Problems and Potential, Butt, T.M., Jackson, C., and Magan,
N., Eds., CAB International, Wallingford UK, pp. 1-8.

Caroppo, S., Perito, B., & Pelagatti, O. (1990). In vitro evaluation of nematicide activity by several fungi against
Meloidogyne incognita eggs. Redia, 73:451-462.

Canassa, F., Tall, S., Moral, R.A., de Lara, I.A., Delalibera, N., & Meyling, V. (2019). Effects of bean seed treatment by
the entomopathogenic fungi Metarhizium robertsii and Beauveria bassiana on plant growth, spider mite
populations and behavior of predatory mites. Biological Control, 132:199-208.
https://doi.org/10.1016/j.biocontrol.2019.02.003

Castillo, P., & Vovlas, N. (2007). Pratylenchus (Nematoda: Pratylenchidae): Diagnosis, Biology, Pathogenicity and
Management. Nematology Monographs & Perspectives, Vol. 6, Brill, Leiden, the Netherlands.

Cayrol, J.C., Djian, C., & Pijarowski, L. (1989). Study of the nematicidal properties of the culture filtrate of the
nematophagous fungus Paecilomyces lilacinus. Revue de Nematologie, 12 (4): 331-336.

Chen, S.Y., Dickson, D.W., & Mitchell, D. (1996). Pathogenicity of fungi to eggs of Heterodera glycines. Journal of
Nematology, 28 (2):148-158. PMID: 19277130

Ciancio, A. (1995). Observations on the nematicidal properties of some mycotoxins. Fundamental and Applied
Nematology, 18 (5):451-454. https://www.documentation.ird.fr/hor/fdi:010004276

Dababat, A., Yildiz, S., Cift¢i, V., Duman, N., & Imren, M. (2019). Occurrence and seasonal variation of the root lesion
nematode Pratylenchus neglectus on cereals in Bolu, Turkey. Turkish Journal of Agriculture and Forestry, 43
(1):21-27. Doi: https://doi.org/10.3906/tar-1805-52

Davis, E.L., Haegeman, A., & Kikuchi, T. (2011). Degradation of the plant cell wall by nematodes, in Genomics and
Molecular Genetics of Plant—Nematode Interactions, Jones, J. et al., Eds, Springer, Dordrecht, pp. 255-272.

Demirdzer, O., Uzun, A., Arici, $. E., Kaymakg¢ioglu, D., Celik, C. (2016). iki farkli entomopatojen fungusun
Frankliniella occidentalis Pergande (Thysanoptera: Thripidae) iizerinde enfekteli bireyleri sayesinde yayilmast.
Uluslararas1 Katilimh Tiirkiye V1. Bitki Koruma Kongresi, Eyliil 5-8, Konya. (in Turkish)

de Oliveira, C.M., Almeida, N.O., Cértes, M.V.D.C.B., Junior, M.L., da Rocha, M.R., & Ulhoa, C.J. (2021). Biological
control of Pratylenchus brachyurus with isolates of Trichoderma spp. on soybean. Biological Control, 152: 104-
125. https://doi.org/10.1016/j.biocontrol.2020.104425

Feng, M.G., Pu, X.Y., Ying, S.H., & Wang, Y.G. (2004). Field trials of an oil-based emulsifiable formulation of Beauveria
bassiana conidia and low application rates of imidacloprid for control of false-eye leafhopper Empoasca vitis on
tea in southern China. Crop Protection, 23 (6):489-496. Do: https://doi.org/10.1016/j.cropro.2003.10.004

Ganguly, A.K., & Pandey, R.N. (2012). Severe damage caused by the root-lesion nematode, Pratylenchus thornei, in
aerobic rice in India. Nematology Mediterreanea, 40 (2):79-81.
https://journals.flvc.org/nemamedi/article/view/87085

Goze Ozdemir FG, (2020). Determination of Plant Parasitic Nematodes in Cereal Areas of Isparta and Burdur Provinces
and Investigation of The Interaction of The Endoparasitic Nematodes with Fusarium culmorum in Wheat. Isparta
University of Applied Sciences The Institute of Graduate Education Department of Plant Protection Ph.D. Thesis,
273 pp.

Goze Ozdemir, F.G., Yasar, B., & Elekcioglu, I.H. (2021). Distribution and population density of plant parasitic
nematodes on cereal production areas of Isparta and Burdur Provinces of Turkey. Turkish Journal of
Entomology, 45 (1):53-64. https://doi.org/10.16970/entoted.805356

Goze Ozdemir, F. G. & Arici, S. E. (2021). Effect of culture filtrate concentration of Rhizoctonia solani Kithn against

69


https://doi.org/10.1016/S0960-8524(99)00154-6
https://doi.org/10.1016/S0960-8524(99)00154-6
https://books.google.com.tr/books
https://doi.org/10.1016/j.biocontrol.2019.02.003
https://www.documentation.ird.fr/hor/fdi:010004276
https://doi.org/10.3906/tar-1805-52
https://doi.org/10.1016/j.biocontrol.2020.104425
https://doi.org/10.1016/j.cropro.2003.10.004
https://journals.flvc.org/nemamedi/article/view/87085
https://doi.org/10.16970/entoted.805356

F.G.G. Ozdemir, A.U. Yigit, O. Demirozer Int J Agric Environ Food Sci 6 (1): 65-71(2022)

Meloidogyne incognita and Meloidogyne hapla in vitro. International Journal of Agriculture Forestry and Life
Sciences, 5 (1): 74-79. https://dergipark.org.tr/tr/download/article-file/1634327

Hatting, J.L., Wraight, S.P., & Miller, R.M. (2012). Efficacy of Beauveria bassiana (Hyphomycetes) for control of
Russian wheat aphid (Homoptera: Aphididae) on resistant wheat under field conditions. Biocontrol Science and
Technology, 14 (5):459-473. https://doi.org/10.1080/09583150410001683501

Huang, X.W., Zhao, N.H., & Zhang, K.Q. (2004). Extracellular enzymes serving as virulence factors in nematophagous
fungi involved in infection of the host. Research in Microbiology, 155 (10):811-816.
https://doi.org/10.1016/j.resmic.2004.07.003

Kepenekci, ., Saglam, H.D., Oksal, E., Yanar, D., & Yanar, Y. (2017). Nematicidal activity of Beauveria bassiana (Bals.-
Criv.) Vuill. against root-knot nematodes on tomato grown under natural conditions. Egyptian Journal of
Biological Pest Control, 27 (1): 117-120. https://www.researchgate.net/publication/317025619

Kepenekei, 1., Toktay, H., Oksal, E., Buzboga, R., & Imren, M. (2018). Effect of Purpureocillium lilacinum on root lesion
nematode, Pratylenchus  thornei. Journal of  Agricultural  Sciences, 24 (3): 323-328.
https://doi.org/10.15832/ankutbd.456647

Kim, J.J., Jeong, G., Han, J.H., & Lee, S. (2013). Biological control of aphid using fungal culture and culture filtrates of
Beauveria bassiana. Mycobiology, 41 (4):221-224. https://doi.org/10.5941/MYC0.2013.41.4.221

Kumar, D., Sharma, S., Sharma, R., Pundir, S., Singh, V.K., Chaturvedi, D., & Sharma, S. (2018). Genome-wide
association study in hexaploid wheat identifies novel genomic regions associated with resistance to root lesion
nematode (Pratylenchus thornei). Scientific reports, 11 (1):1-14. https://doi.org/10.1038/s41598-021-80996-0

Li, R.X,, Cai, F.,, Pang, G., Shen, Q.R., Li, R., & Chen, W. (2015). Solubilization of Phosphate and Micronutrients by
Trichoderma harzianum and Its Relationship with the Promotion of Tomato Plant Growth. Plos One, 10(6):1-
16. €0130081.https://doi.org/10.1371/journal.pone.0130081

Liu, T., Li, Y.F., & Chen, L.J. (2007). The research on the Junxianke that can control north root knot nematode disease.
Journal Changjiang Vegetables, 2:48-49.

Liu, T., Wang, L., Duan, Y.X., & Wang, X. (2008). Nematicidal activity of culture filtrate of Beauveria bassiana against
Meloidogyne hapla. World Journal of Microbiology and Biotechnology, 24 (1):113-118. DOI 10.1007/s11274-
007-9446-z

Lu, W., Zhang, L., Guan, M., & Dong, J. (2016). Bioactivities of fermentation filtrate of 10 Beauveria bassiana strains
on plant nematode and entomopathogenic nematode. Journal of Henan Agricultural Sciences, 45(2):82-86.
https://www.cabdirect.org/cabdirect/abstract/20163106047

Lopez-Llorca, L.V., & Jansson, H.B. (2006). Fungal parasites of invertebrates: multimodal biocontrol agents, in
Exploitation of Fungi. Robson, G.D., van West P., Gadd, G.M., Eds., Cambridge University Press, Cambridge,
pp. 310-335.

Mudiope, J., Coyne, D.L., Adipala, E., & Sikora, R.A. (2004). Monoxenic culture of Pratylenchus sudanensis on carrot
disks, with evidence of differences in reproductive rates between geographical isolates. Nematology, 6 (4): 617-
619. Doi: https://doi.org/10.1163/1568541042665278

Morton, C.O., Hirsch, P.R., & Kerry, B.R. (2004). Infection of plant parasitic nematodes by nematophagous fungi: a
review of the application of molecular biology to understand infection processes and to improve biological
control. Nematology, 6 (2):161-170. Doi: https://doi.org/10.1163/1568541041218004

Mokrini, F., Viaene, N., Waeyenberge, L., Dababat, A.A., & Moens, M. (2019). Root-lesion nematodes in cereal fields:
importance, distribution, identification, and management strategies. Journal of Plant Diseases and Protection,
126: 1-11. https://doi.org/10.1007/s41348-018-0195-z

Nicol, J. & Ortiz-Monasterio, 1. (2004). Effects of the root-lesion nematode, Pratylenchus thornei, on wheat yields in
Mexico. Nematology, 6 (4):485-493. Doi: https://doi.org/10.1163/1568541042665223

Nitao, J.K., Meyer, S.L., & Chitwood, D.J. (1999). In-vitro assays of Meloidogyne incognita and Heterodera glycines for
detection of nematode-antagonistic fungal compounds. Journal of Nematology, 31 (2):172-183. PMID:
19270887

Pu, X.Y., Feng, M.G., & Shi, C.H. (2005). Impact of three application methods on the field efficacy of a Beauveria
bassiana-based mycoinsecticide against the false-eye leafhopper, Empoasca vitis (Homoptera: Cicadellidae) in
the tea canopy. Crop Protection, 24 (2):167-175. https://doi.org/10.1016/].cropro.2004.07.006

Quesada-Moraga, E., & Alain, V.E.Y. (2004). Bassiacridin, a protein toxic for locusts secreted by the entomopathogenic
fungus Beauveria bassiana. Mycological Research, 108 (4): 441-452,
https://doi.org/10.1017/S0953756204009724

Regaieg, H., Ciancio, A., Raouani, N.H., Grasso, G., & Rosso, L. (2010). Effects of culture filtrates from the
nematophagous fungus Verticillium leptobactrum on viability of the root-knot nematode Meloidogyne incognita.
World Journal of Microbiology and Biotechnology, 26 (12): 2285-2289. Doi: https://doi.org/10.1007/s11274-
010-0397-4

Sari, H.M. (2020). Determination of pathogenic effects of some entomopathogenic fungus on different biological stages
of Leptinotarsa decemlineata Say. Isparta University of Applied Sciences, The Institute of Graduate Education
Department of Plant Protection, MSc Thesis, pp. 48.

Smiley, R.W., Merrifield, K., Patterson, L.M., Whittaker, R.G., Gourlie, J.A., & Easley, S.A. (2004). Nematodes in
dryland field crops in the semiarid Pacific Northwest United States. Journal of Nematology, 36 (1):54-68. PMID:
19262788

Smiley, R.W., & Nico,l J.M. (2009). Nematodes which challenge global wheat production, in Wheat Science and Trade,

70


https://dergipark.org.tr/tr/download/article-file/1634327
https://doi.org/10.1080/09583150410001683501
https://doi.org/10.1016/j.resmic.2004.07.003
https://www.researchgate.net/publication/317025619
https://doi.org/10.15832/ankutbd.456647
https://doi.org/10.5941/MYCO.2013.41.4.221
https://doi.org/10.1038/s41598-021-80996-0
https://www.cabdirect.org/cabdirect/abstract/20163106047
https://doi.org/10.1163/1568541042665278
https://doi.org/10.1163/1568541041218004
https://doi.org/10.1007/s41348-018-0195-z
https://doi.org/10.1163/1568541042665223
https://doi.org/10.1016/j.cropro.2004.07.006
https://doi.org/10.1017/S0953756204009724
https://doi.org/10.1007/s11274-010-0397-4
https://doi.org/10.1007/s11274-010-0397-4

F.G.G. Ozdemir, A.U. Yigit, O. Demirozer Int J Agric Environ Food Sci 6 (1): 65-71(2022)

Carter, B.F., Ed, Wiley-Blackwell: Ames, IA, USA,, pp. 171-187.

Strasse, H., Vey, A., & Butt, T. (2000). Are there any risks in using entomopathogenic fungi for pest control, with
particular reference to the bioactive metabolites of metabolites of Metarhizium, Tolypocladium and Beauveria
species? Biocontrol Science Technology, 10 (6):17-735. https://doi.org/10.1080/09583150020011690

Sun, M.H., Gao, L., Shi, Y.X., Li, B.J., & Liu, X. (2006). Fungi and actinomycetes associated with Meloidogyne spp.
eggs and females in China and their biocontrol potential. Journal of Invertable Pathology, 93 (1): 22-28.
https://doi.org/10.1016/j.jip.2006.03.006

Thompson, J.P., Rostad, H.E., & Whish, J.P.M. (2017). Survival of root-lesion nematodes (Pratylenchus thornei) after
wheat growth in a vertisol is influenced by rate of progressive soil desiccation. Annals of Applied Biology, 170
(1): 78-88. https://doi.org/10.1111/aab.12316

Timper, P. (2014). Conserving and Enhancing Biological Control of Nematodes. Journal of Nematology, 46 (2):75-89.
PMID: 24987159

Tikhonov, V.E., Lopez-Llorca, L.V., Salinas, J., & Jansson, H.B. (2002). Purification and characterization of chitinases
from the nematophagous fungi Verticillium chlamydosporium and V. suchlasporium. Fungal Genetics and
Biology, 35 (1): 67-78. https://doi.org/10.1006/fghi.2001.1312

Uzun, A., (2020). Thysanoptera species of the cereal production areas in lakes region, distribution ratios and population
fluctuations of important species and molecular characterization of some species of phlaeothripidae. Isparta
University of Applied Sciences, The Institute of Graduate Education Department of Plant Protection Ph.D.
Thesis, pp. 266.

Uzun Yigit, A., Yanik, G., Bulus, 1. Y., Gosterit, A., Demirdzer, O., Arici, S. E. (2021). Determination of the Efficiency
of Entomopathogenic Fungi on Bumblee bee in Open Field Conditions. Ordu University Journal of Science and
Tecnology, 11 (2): 92-98. https://doi.org/10.54370/ordubtd.943156

Wenya, L., Zhang, L., Mejluan, G., & Dong, J.Z. (2016). Bioactivities of fermentation filtrate of 10 Beauveria bassiana
strains on plant nematode and entomopathogenic nematode. Journal of Henan Agricultural Sciences, 45 (2): 82-
86.

Yavuzaslanoglu, E., Elekgioglu, I.H., Nicol, J.M., Yorgancilar, O., & Hodson, D. (2012). Distribution, frequency and
occurrence of cereal nematodes on the Central Anatolian Plateau in Turkey and their relationship with soil
physicochemical properties. Nematology, 14 (7): 839-854. Doi: https://doi.org/10.1163/156854112X631926

Yavuzaslanoglu, E., Karaca, M.S., Sonmezoglu, O.A., Ocal, A., Elekcioglu, I.H., & Aydogdu, M. (2020). Occurrence
and abundance of cereal nematodes in Konya and Karaman Provinces in Turkey. Turkish Journal of Entomology,
44 (2): 223-236. https://doi.org/10.16970/entoted.668561

Zhao, D., Liu, B., Wang, Y., Zhu, X., Duan, Y., Chen, L., (2013). Screening for nematicidal activities of Beauveria
bassiana and associated fungus using culture filtrate. African Journal of Microbiology Research, 7 (11): 974-
978. https://doi.org/10.5897/AJMR12.2340

Zuckerman, B.M., Mai, W.F., & Harrison, M.B. (1985). Plant Nematology Laboratory Manual. The University of
Massachusetts Agricultural Experiment Station Amherst, Massachusetts.

71


https://doi.org/10.1080/09583150020011690
https://doi.org/10.1016/j.jip.2006.03.006
https://doi.org/10.1111/aab.12316
https://doi.org/10.1006/fgbi.2001.1312
https://doi.org/10.54370/ordubtd.943156
https://doi.org/10.1163/156854112X631926
https://doi.org/10.16970/entoted.668561
https://doi.org/10.5897/AJMR12.2340

	Fatma Gul Goze Ozdemir*               Asiye Uzun Yigit              Ozan Demirozer
	The mortality rates at 106, 107 and 108 spore/ml concentrations of BY2 isolate of B. bassiana were 9.5%, 20.9% and 42.8% respectively after 24 h whereas these rates in BIM-001 isolate were 5.9%, 16.7% and 35.1%, respectively. It was found that the mor...
	Nematicidal effect bioassays of culture filtrate
	Conclusion
	The inoculum method of B. bassiana was found important for the nematicidal effect on P. thornei, and the culture filtrate method had higher potential than spore suspension. In addition, there was no statistically significant difference between 1X and ...

