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Abstract

Background: Sainfoin, alfalfa and clover are important forage crop plants in terms of their food value, efficiency and
adaptation capabilities. Cymbalophora rivularis (Menetries, 1832) (Lepidoptera: Erebidae) causes significant damage
to these plants. Chemicals are not recommended for pest control. Cultural pest control practices also remain insuffi-
cient. In this study, which was conducted to determine whether biological control can be applied in pest control, the
pathogenic effects of Pseudomonas putida K-19B, Pantoea agglomerans RK-79 and RK-92, Bacillus megaterium TV-3D, P
fluorescens RK-1979, B. pumilus RK-1980 bacterial strains at a concentration of 1 x 10% CFU/ml and Beauveria bassiana
(Bals.~Criv.) Vuill. (Cordycipitaceae) ET 10 fungal isolate at a concentration of 5.7 x 10° conidia/ml were tested under
controlled conditions.

Results: According to the results of this study, at the end of 216 h, the tested biological control agent showed an
efficacy ranged from 43.33 t0 96.67% in the 1st and 2nd larval instars and 70 to 95% in the last instar larvae of C. rivu-
laris. In the case of applications to 1st and 2nd larval instars, after 216 h, the efficacy of ET 10 fungal isolate was 96.67

not different from the efficacy of pathogenic application.

and 83.33% of K-198B bacterial strain. In the last instar larvae, after 216 h, the efficacy of the strains TV-3D, K-19B and
RK-1979 was 95, 90 and 90%, respectively. The efficacy of ET 10 and K-19B applications was found to be statistically

Conclusion: Environmentally friendly P. putida and B. megaterium bacterial strains and B. bassiana fungal isolate were
determined and can be successfully used in the biological control of this pest.
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Background

In animal husbandry, farm animals need to be fed ade-
quately with high-quality feeds so that they produce a
high amount of quality products, including meat, milk,
eggs, etc. (Demiroglu Topcu and Ozkan 2017). The devel-
opment of the livestock sector and the achievement of
productivity and profitability largely depend on the pro-
duction of high-quality roughage. The amount of rough-
age needed cannot be met with the roughage obtained
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from pastures or by sowing forage crops, and the live-
stock has to be fed with poor-quality forages such as
straw and grass. Therefore, it is necessary to increase the
forage crop cultivation areas and ensure their sustain-
ability in order to meet the roughage need of the exist-
ing livestock. Considering the nutritional value of the
forage crops cultivated, especially legume forage plants
such as Medicago sativa (L.) (Fabaceae), Onobrychis
sativa (Lam.) (Fabaceae), Trifolium spp. (Fabaceae) and
Vicia sativa (L.) (Fabaceae) are very important in animal
nutrition. These plants are not only beneficial in terms
of giving nitrogen to the soil, improving the physical and
chemical properties of the soil, increasing the yield of the
plants planted after them and using them in rotation but
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also play an important role in water and soil conservation
and prevention of erosion.

As with all cultivated plants, there are pests, diseases
and weeds that reduce the quality and yield of forage
plants. Of these, Cymbalophora rivularis (Menetries,
1832) (Lepidoptera: Erebidae) larvae feeding on the
leaves of newly emerging plants in spring causes signifi-
cant losses in the sainfoin (Kili¢ et al. 2013). As a cultural
precaution in the control of the pest, when the nets that
the larvae weave in the form of tents are seen, collecting
and destroying them, together with the tents, are rec-
ommended. However, this form of control does not give
successful results in large areas. Furthermore, although
there are species belonging to Tachinidae (Diptera) and
Ichneumonidae (Hymenoptera) families as natural ene-
mies of this pest in Turkey, pesticides used in agricultural
areas reduce the efficacy of these natural enemies.

In this study, insecticidal efficacy of entomopathogenic
bacteria and fungi on larval instars of C. rivularis was
tested under controlled conditions.

Methods

Pest, bioagent, bacterial strains and fungal isolate
Cymbalophora rivularis larvae were collected from for-
age plants, transferred to Atatiirk University, Faculty of
Agriculture, Department of Plant Protection, Pest Sys-
tematics laboratory, and stored in (30 x 45 x 30 cm) plas-
tic containers at 2542 °C under 65%+5 RH and 16-h
light/8-h dark conditions by providing daily fresh food
and humidity check.

Bacterial strains and fungal isolate used in the study are
presented in Table 1. These microorganisms have been
reported to be effective on disease (Kotan et al. 2005)
or pests (Tozlu et al. 2017) or to be highly beneficial in

Table 1 Bacterial strains and fungal isolate used in the study
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terms of plant growth in various plant groups (Ekinci
et al,, 2014). Bacterial strains were identified by microbial
identification system (MIS), and it was determined that
they give a positive reaction in terms of nitrogen fixation
and phosphate dissolving properties. Bacterial biocontrol
strains were kept in nutrient broth (NB; Difco) contain-
ing 15% glycerol at—80 °C in the Culture Collection in
Atatiirk University Faculty of Agriculture Plant Protec-
tion Department Plant Clinical Laboratory. Fungal isolate
ET 10 was identified as Beauveria bassiana according
to ITS gene region and kept in tubes containing potato
dextrose agar (PDA; Difco) medium at+4 °C in Atatiirk
University Faculty of Agriculture Department of Plant
Protection Mycology Laboratory.

Preparation of bacterial strains and fungal isolate

The tested bacterial strains were cultured in four phases
in nutrient agar (NA; Difco) medium at 27 °C for 24 h in
order to obtain fresh cultures by checking the purity of
the colonies. A single bacterial colony taken from these
cultures in sterile loops was inoculated into Erlenmeyer
flasks with 300 ml of NB medium and incubated for 24 h
at 250 rpm and 27 °C in a horizontal shaker incubator.
The bacterial density of the resulting aqueous culture was
adjusted to 1x 10® CFU/ml by BIOLOG turbidimeter
and transferred to sterile spray vials.

Conidia production was achieved by incubation of B.
bassiana ET 10 isolate in Sabouraud dextrose agar (SDA;
Difco) medium at 25 °C, 80% RH for 2—-3 weeks. Then,
a stock suspension was prepared by washing the sur-
face of the culture into bottles containing sterile water
with 0.2 ml/l Tween 80 solution (Quesada-Moraga
et al. 2006). Using a hemocytometer, the concentration

Strains Bacterial strains

Isolated from MIS identification results SIM NF PS References
K-19B Vineyard Pseudomonas putida 0.786 + + Karag6z et al. (2012)
RK-1979 Soil Pseudomonas fluorescens 0.764 + + Kotan et al. (2005)
RK-92 Pear Pantoea agglomerans 0.889 + S+ Kotan et al. (2005)
RK-79 Apple Pantoea agglomerans 0.762 + + Kotan et al. (2005)
TV-3D Rye Bacillus megaterium 0.563 + + Ekinci et al. (2014)
RK-1980 Soil Bacillus pumilus 0.776 + S+ Kotan et al. (2005)
Isolate Fungal isolate

Isolated from ITS identification result S ITS 1 sequences Reference
ET10 Sphenoptera antiqua Beauveria bassiana 0.99 GB |KY806126, Tozlu et al. (2017)

Molecular diagnosis of the fungus isolate (Beauveria bassiana -ET 10) used in the study was made and recorded in GenBank with underlined

SIM similarity index, NF nitrogen fixation, PS phosphate solubilization, + positive, — negative, S + strong positive
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of conidia suspension to be applied was found to be
5.7 x 10°conidia/ml.

Virulence test in controlling conditions

Fresh sainfoin leaves were placed in polyethylene plastic
boxes (19 x 12.5 x 7 cm) laid with blotting paper on the base,
and 1st and 2nd and last instars mature 10 larvae of the pest
were placed on them. Then, the bacterial and fungal suspen-
sions were sprayed onto the leaves. The entomopathogen-
applied plastic boxes were kept under controlled conditions
(25£2 °C, 65-70% RH, 16:8 (light/dark)). The number of
dead larvae was recorded regularly every 24 h. The final eval-
uation of the trial was carried out, and the mortality rates
were determined at 216 h. By isolating the larvae determined
to be infected according to Koch’s postulates, entomopath-
ogenic bacterial strains and fungal isolates were obtained
again. In the study, sterile NB medium was used as negative
control, and Coption 65 EC (650 g/l malathion) suitable for
pests with biting chewing mouth structure was used as a
positive control since there is no recommended chemical for
control of this pest. The experiment was carried out in three
repetitions for each application on the same day.

Data analysis

The number of dead insects obtained in the trial was con-
verted to mortality rate (below formula), and analysis
of variance was applied and the differences between the
means were compared to the LSMeans Student’s t test at a
significance level of P<0.01. Data analyses were performed
using statistical software package JMP IN (SAS Institute,
Cary, NC, 0.0% PC version).
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Results

According to the results obtained, all bacterial strains
and fungal isolates were found to be effective on the 1st,
2nd and last larval instars of the pest at varying rates. In
the study, the highest mortality rate at 100% in the 1st
and 2nd larval instars at 24 h was obtained for patho-
genic application (Table 2). Following this application,
the earliest mortality was counted 48 h in larvae to which
ET 10 (3.33%) fungal isolate was applied, followed by bac-
terial strains TV-3D (3.33%) with 72 h, K-19B (66.67%),
RK-1979 (20%), RK-92 (6.67%) and RK-1980 (6.67%) with
120 h (Table 2). At the end of 216 h, the highest mortality
rates were identified in the larvae to which ET 10 fungal
isolate (96.67%) and K-19B bacterial strain (83.33%) were
applied (Table 2).

When each application was evaluated within itself, it
was observed that all larvae died within 24 h of patho-
genic application. In the larvae to which ET 10 fungal iso-
late was applied, mortality started early, but the mortality
rate increased (60%) after 120 h and reached above 90%
at 144 h, and a mortality rate of 96.67% occurred at 216 h
(Fig. 1). In the K-19B bacterial strain, on the other hand,
the first mortalities were observed at 120 h (66.67%), and
83.33% mortality was determined after 216 h (Fig. 1).
While 20% mortality was detected in the RK-1979 bacte-
rial strain in 120 h, the mortality rate increased gradually
and reached 83.33% at the end of 216 h (Fig. 1). Although
mortality started in 72 h in TV-3D bacterial strain, it was
determined that the mortality rate caused by this bac-
terial strain was 76.67% in the evaluations made at the
end of 216 h, and this strain was in 5th place in terms

The number of dead adults in treatment x 100

Mortality rate (%) =

Total adult in treatment

Table 2 Virulence effect of the applications on 1st and 2nd larval instars of Cymbalophora rivularis

Treatments % Mortality at different interval periods (hrs)

24 48 72 120 144 168 192 216
Insecticide 100.00 100.00A 100A 100.00A 100.00A 100.00A 100.00 A 100.00A
ET10 0.00 3.33B 3.33B 60.00B 90.00AB 93.33A 96.67A 96.67A
K-19B 0.00 0.00C 0.00B 66.67B 73.33ABC 76.67AB 83.33AB 83.33A
TV-3D 0.00 0.00C 3.33B 43.33BC 53.33BC 76.67AB 76.67AB 76.67AB
RK-92 0.00 0.00C 0.00B 6.67D 53.33BC 70.00AB 76.67AB 76.67AB
RK-1979 0.00 0.00C 0.00B 20.00D 40.00CD 70.00AB 80.00AB 83.33AB
RK-79 0.00 0.00C 0.00B 0.00D 0.00E 26.67CD 43.33C 43.33BC
RK-1980 0.00 0.00C 0.00B 6.67D 43.33CD 53.33BC 63.00BC 70.00AB
Control 0.00 0.00C 0.00B 0.00D 6.67DE 6.67D 10.00D 10.00C
cv 16.76 2148 5051 45.00 3049 27.08 28.83
LSD 333 441 29.46 39.81 33.62 32.80 39.76

The highest measurement values obtained according to the observation time are highlighted in bold
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Fig. 1 Virulence effect of the applications on 1st and 2nd larval instars of Cymbalophora rivularis

of mortality rate among the applications (Fig. 1). While
6.67% mortality was observed in RK-92 and RK-1980
bacterial strains at the end of 120 h, this rate was 76.67%
in RK-92 and 70% in RK-1980 at the end of 216 h. (Fig. 1).
The lowest results among the applications were obtained
for the RK-79 bacterial strain. The larvae to which
this strain was applied began to die at the end of 68 h
(26.67%), and a mortality rate of 43.33% was reached at
the end of 216 h (Fig. 1). In the control to which NB was
applied, the mortality rate was 6.67% at 144 h and 10% at
216 h (Fig. 1).

A mortality rate of 100% was determined in the last
instar mature larvae in the application of pathogens in
24 h, while mortality (10.00%) occurred in the larvae to
which RK-1979 bacterial strain was applied as from the
72 h after the pathogen application, followed by ET 10
fungal isolate (25.00%) during the evaluation made at
120 h (Table 3). The highest mortality rate was identified
for TV-3D bacterial strain (95.00%) at the end of 216 h
in the applications made to the last instar larvae, and
this strain was followed by K-19B and RK-1979 bacterial
strains with a mortality rate of 90.00% (Table 3).

As a result of the study, all last instar larvae died within
24 h of insecticide application (Fig. 2). In the larvae to
which RK-1979 bacterial strain was applied, mortality
began at the end of 72 h, but it was determined that the

mortality rate did not change in the evaluations made
at 120 and 144 h, the mortality rate increased gradually
as from 168 h, and the mortality rate was 90% at 216 h
(Fig. 2). In ET 10 fungal isolate, on the other hand, mor-
tality began as from the 72 h, and the mortality rate was
the same (40%) at 144 and 168 h and reached 85% at the
end of 216 h (Fig. 2). In the larvae to which K-19B bac-
terial strain was applied, mortality began at 120 h with
a rate of 6.67% and the mortality rate increased to 90%
at 216 h (Fig. 2). In RK-79, RK-92 and TV-3D bacterial
strains, the mortality rate was 25% at 144 h, which then
increased to 85, 85 and 90% at 216 h, respectively (Fig. 2).
In the RK-1980 bacterial strain, the mortality rate was
5% at 144 h and increased to 70% at 216 h. There was no
larval mortality in the controls to which NB was applied
(Fig. 2). Some examples of the virulence effects of bac-
terial strains and fungal isolate used in the study on the
pest are shown in Fig. 3.

Discussion

Entomopathogens are widely used in the biological con-
trol of pests that cause yield and quality loss in many
crops and is among the most effective factors regulat-
ing pest populations (Kumar et al. 2021). Among these
entomopathogens, bacteria are among the most com-
monly used biocontrol agents against plant pathogens and
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Table 3 Virulence effect of the applications on the last instar larvae of Cymbalophora rivularis
Treatments % Mortality at different interval periods (hrs)
24 48 72 120 144 168 192 216
Insectiicide 100.00A 100.00A 100.00A 100.00A 100.00A 100.00A 100.00A 100.0A
ET10 0.00B 0.00B 5.008 25.00B 40.008 40.00C 70.00B 85.00C
K-19B 0.00B 0.00B 0.00C 6.67C 15.00CD 40.00C 80.00B 90.00BC
TV-3D 0.00B 0.00B 0.00C 0.00C 15.00CD 70.00B 80.00B 95.00AB
RK-92 0.00B 0.00B 0.00C 0.00C 15.00CD 65.00B 75.00B 85.00C
RK-1979 0.00B 0.00B 10.00B 10.00BC 10.00CD 50.00BC 75.00B 90.00BC
RK-79 0.00B 0.00B 0.00C 0.00C 25.00BC 60.00BC 75.00B 85.00C
RK-1980 0.00B 0.00B 0.00C 0.00C 5.00D 15.00D 55.00C 70.00D
Control 0.00B 0.00B 0.00C 0.00C 0.00D 0.00D 0.00D 0.00E
cv 30.58 6136 43.71 29.37 13.57 642
LSD 6.76 16.71 18.91 24.85 16.06 8.65
The highest measurement values obtained according to the observation time are highlighted in bold
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Fig. 2 Virulence effect of the applications on the last instar larvae of Cymbalophora rivularis

pests. Among them, Bacillus thuringiensis, B. brevis, B.
cereus, B. circulans, B. megaterium, B. pumilus and B. sub-
tilis are known to be used for biotechnological and indus-
trial applications (Tozlu et al. 2019). Among these species,
B. megaterium produces the enzyme amylase, which is
effective in carbohydrate digestion and therefore impor-
tant with this feature (Prasanna et al. 2014), and B. pumi-
lus, with effective results in this study, has been shown to

be antifungal, antibacterial (Lehman et al. 2001) and path-
ogenic (Tozlu et al. 2019) effects and these effects are due
to chitinase activity (Rishad et al. 2017), while 2. fluores-
cens enzymatically hydrolyzes chitin in the exoskeleton of
insects, the enzyme affects the digestion of the insect and
directly affects the growth and development of the insect.
It has been reported that it causes death by preventing the
disease (Suganthi et al. 2017).
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Pseudomonas putida (K-19B)

Bacillus megaterium (TV-3D)

Pseudomonas fluorescens (RK-1979)

Bacillus pumilus (RK-1980)

Beauveria bassiana (ET 10)

Control and Bacterial strain K-19B

Control

Fig. 3 Virulence effect of bacterial strains and fungal isolate

Besides bacteria, fungi are also important in biological
control (Zhang et al. 2021). Entomopathogen fungi are
also used as an alternative to chemical insecticides in the
biological control of pests (Sharma and Sharma 2021).
The use of these organisms has numerous advantages
such as protecting beneficial organisms, being safe for
humans, and not having harmful effects on the environ-
ment (Mantzoukas and Eliopoulos 2020). In particular,
it has been noted that some species of Beauveria infect
and kill insects in the soil, interact with plant roots for
their growth and survival, and mostly depend on insects
for carbon (Inglis et al. 2001). It has been noted that since
this fungus directly infects the insect’s cuticle, it does
not have to be eaten by the host and this feature makes
entomopathogenic fungi important in the control of
pests (Goettel et al. 2005).

Conclusions

Among the safe methods to control the pests,
entomopathogens are considered as the leading alterna-
tive. As a result of this study, it was determined for the
first time that entomopathogenic bacteria (2 putida, B.
megaterium and P fluorescens) and fungi (B. bassiana)
can be used successfully as an alternative to chemicals in
the control of C. rivularis. Further field studies should be
tested.
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