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Abstract

A wide range of organisms, including insects, which can cause considerable losses, attacks tomato crop. Chemical
insecticides continue to be used as the primary pest protection measure. The research aims to identify native strains of
Bacillus thuringiensis and Beauveria bassiana to be used in the sustainable management of pests of tomato crops in the

Republic of Moldova.

Based on conducted activities regarding isolating and characterizing bacterial strains, seven newly isolated strains were
used in bioassay tests. Three other bacterial and ten fungal strains from the collection of the Institute of Zoology were
tested against selected pests. Four experimental treatments were set up, two against adults and two against larvae of
Leptinotarsa decemlineata. The bioassay tests against adults of Colorado potato beetle revealed two fungal and one
bacterial strain with promising results for biological control. Low insecticidal activity was recorded against the larvae

of potato beetle with the tested strains.
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INTRODUCTION

In the last centuries, Leptinotarsa decemlineata
Say (Coleoptera: Chrysomelidae), known as the
Colorado potato beetle, became a leading global
pest, widely distributed through the Northern
Hemisphere (Cingel et al., 2016). Feeding
initially with a few wild hosts, the Colorado
potato beetle is now causing severe attacks on a
range of plants from the Solanaceae family.
Although its' preferred host is potato (Solanum
tuberosum  L.), the tomato (Solanum
lycopersicum L.) and eggplant (Solanum
melongena L.) are also essential hosts (Weber,
2003; Vargas-Ortiz et al., 2018). Defoliation by
this voracious pest can cause 40-80% of yield
losses (Hare, 1980; Alyokhin et al., 2013; Cingel
et al., 2016).

Despite all the efforts to implement different
agricultural practices to control the Colorado
potato beetle, chemical insecticides continue to
be used as the primary pest protection measure.
However, using chemical insecticides to control
the pests is not the best plant protection strategy,
especially when dealing with L.
decemlineata. First of all, due to its diverse life
cycle, phenotypic plasticity, high adaptability,
and capability to detoxify or tolerate toxins, the
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Colorado potato beetle has successfully
overcome chemical pesticides (Cingel et al.,
2016). Moreover, using pesticides creates many
problems related to human safety. Also, it leads
to the emergence of secondary pest outbreaks,
environmental pollution, biodiversity reduction,
and pesticide-resistant insects (Damalas &
Eleftherohorinos, 2011).

The need to identify an alternative to chemical
insecticides stimulated the interest in developing
inoffensive methods for humans and the
environment, bringing traditional and biological
pest control methods back to researchers'
attention. Biological control represents a
complex of techniques employing some
organisms to reduce other harmful organisms
below the economic threshold based on natural
mechanisms such as predation, parasitism,
competition, etc. These involve biological
control agents such as parasites, predators,
viruses, fungi, and bacteria. Natural enemies of
L. decemlineata can become a valuable part in
the pest management programs.
Entomopathogenic organisms are harmless to
the farmers, consumers, as well to the
environment, and their specific action
minimizes the impact on beneficial organisms
and other non-targeted organisms (Lacey &



Siegel, 2000; Hokkanen & Hajek, 2003; Mudgal
et al., 2013; Kumar et al., 2021). Moreover,
entomopathogens favor biodiversity and the
natural control of arthropods by parasitoids and
predators (Lacey et al., 2015).

Numerous species of bacteria and fungi have
been isolated from pests (Jurat-Fuentes &
Jackson, 2012; Kumar et al., 2021), but few
have been used for biopesticide development.
Among microbial control agents, the bacterium
Bacillus thuringiensis Berliner (Bf) and fungus
Beauveria bassiana (Bals.-Criv.) Vuill. (Bb)
(Kumar et al., 2021) are the most extensively
used to control lepidopteran and coleopteran
pests. Despite that, entomopathogens represent
an underdeveloped and underutilized resource in
arthropod pest management. Using more
selective biopesticides supported by adequate
habitat design can increase the enemies' impact
on the Colorado potato beetle population
(Cingel et al., 2016).

Considering the cost of biopesticides, the local
production of biopesticides is significantly more
affordable for farmers than importing plant
protection products because the prices on the
international market exceed their buying
capacity (Sarwar, 2015). Also, using local
strains as biological control agents can help
avoid risks associated with decreased
insecticidal activity due to environmental
conditions. Thus, the research aimed to identify
native strains of Bt and Bb for local production

of biopesticides and promote sustainable

management of L. decemlineata.
MATERIALS AND METHODS

Bacterial and fungal strains

Ten bacterial and ten fungal strains isolated
from various hosts were used for pathogenicity
tests against adult insects and larvae of
L. decemlineata (Table 1). Some of the selected
bacterial and fungal strains, B# CNMN-BB-03,
CNMN-BB-04, CNMN-BB-05, and Bb CNMN-
FE-01, were previously described with high
insecticidal ~activity against beetle pests
Neocoenorrhinus pauxillus (Germ.), Sitona
lineatus L., Phyllobius oblongus (L.), and
Tatianaerhynchites aequatus L. (Munteanu et
al., 2013; 2014a; 2014b). Some degree of
activity against beetle species Sitona lineatus L.
and Hypera postica (Gyll.) have shown the
following fungal strains: Sl17, S19, Cg7, CglO0,
Cgll, Cgl2 (Moldovan et al., 2022), while
others where not tested before (Table 1).

The Bt and Bb strains with high insecticidal
activity are deposited in the Collection of Non-
pathogenic Microorganisms of the Institute of
Microbiology and Biotechnology, Technical
University of Moldova. At the same time, the
rest are preserved in the Collection of the
Biological Invasions Research Center (BIRC),
Institute of Zoology, Moldova State University.

Table 1. Data regarding bacterial and fungal strains used in the bioassay test

Strain Host

°

Identity

Reference

CNMN-BB-03

Neocoenorrhinus pauxillus (Coleoptera)

Munteanu et al., 2013, 2014a, 2014b,

CNMN-BB-04 | Bacillus thuringiensis

Phyllobius oblongus (Coleoptera)

CNMN-BB-05

Tatianaerhynchites aequatus (Coleoptera)

Moldovan et al., 2017b

S01
S02
S03

Helicoverpa armigera (Lepidoptera)

S04
S05
S06
S07

Bacillus spp.

Rl Pl Il R el Bl Il fal bl 4

Spodoptera exigua (Lepidoptera)

Moldovan et al., 2018

CNMN-FE-01
S17

S19

Cg7

Cglo

Cgll

Cgl2

Beauveria bassiana

Beauveria spp.

Sitona lineatus (Coleoptera)

Moldovan et al. 2017a

Moldovan et al., 2022

Hp2Cg
Hp3Cg
Hp4Cg

Beauveria spp.

Hypera postica (Coleoptera)

Moldovan et al., 2022
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Culture media and growth conditions

For bioassay test bacterial strains were
cultivated on solid T3 medium (Travers et al.,
1987) at 30+£0.2°C for 2-3 days in the darkness.
Fungal strains were grown on PDA (Potato
Dextrose Agar, Merck) at 25+0.2°C for 7-10
days, in the darkness, until complete
sporulation. CFU and conidia were harvested
using 10 pl sterile inoculation loop and
transferred in tubes with sterile distilled water
for inoculum preparation.

Insect rearing

For the bioassay purpose, a rearing colony was
established from two wild populations of
L. decemlineata collected in an infested tomato
greenhouse (Orhei district) and a home garden
(Causeni district) in the Republic of Moldova.
No chemical or biological plant protection
treatments were applied to control the wild
Colorado beetle population. Sampled insects
were placed in sterile cages with fresh tomato
leaves and transported to the laboratory of
BIRC, Institute of Zoology.

In the laboratory, insects were individually
placed in new cages, fed with fresh tomato
leaves, and monitored for three days to select
only healthy specimens. By five healthy females
and males were placed together in sterile insect-
rearing cages for 24 hours for further insect
rearing. After that, females were separated from
males and kept individually for egg laying
(Figure 1). Laid eggs were collected and stored
in sterile Petri dishes until hatching. Healthy
first-instar larvae and adults were taken for a
bioassay test.

Bioassay test

Four bioassay experiments have been conducted
to identify the most virulent bacterial or fungal
strain. In the first and second experiments, eight
bacterial strains and only one fungal strain
(CNMN-FE-01, with known high insecticidal
activity) were tested against both adults and
larvae. In the third experiment, only fungal
strains were tested; while in the fourth
experiment, only bacterial strains were assessed.
In the bioassay test, tomato leaves were used as
a diet. At least ten insects and 2-5 leaves were
used per repetition. Three repetitions were made
for each tested strain. Sterile distilled water was
used as a control. Insect mortality was recorded
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during ten days of incubation at 24°C, and a
photoperiod of 14 h. Dead insects were removed
from Petri dishes or cages every day.

I*" experimental setup. Bacterial and fungal
suspensions with a concentration of 108 CFU/ml
were prepared. Fungal spore count has been
conducted using a hemocytometer under 400X
magnification of Meiji MT5000H microscope.
The bacterial CFU count has been prepared by
plate method. By 1 ml of each suspension was
diluted with 4 ml of distilled sterile water, and
the entire volume was sprayed over tomato
leaves using a sterile hand-held sprayer. Leaves
were left to air dry, and after that, ten adult
insects (five males and five females) were
transferred onto tomato leaves and left to feed
for 24 h. After exposure, adults were transferred
to sterile cages with fresh tomato leaf bouquets.
Cages were inspected daily, fresh leaves were
provided, and mortality data was recorded.

2" experimental setup. Hatched larvae of
L. decemlineata from collected eggs were
transferred into sterile Petri dishes and fed with
tomato leaves treated with bacterial and fungal
suspensions as described earlier. After 24 h of
exposure, insect larvae were transferred onto
fresh leaves. Petri dishes were inspected and
swapped daily. Also, fresh tomato leaves were
provided. Mortality data was recorded daily.

3" experimental setup. Following the performed
activity of the fungal strain on adults of L.
decemlineata species, in the 3™ experimental
design, more fungal strains were tested. Fungal
strains were applied topically by dipping each
specimen in test tubes with 1 ml of conidial
suspensions (107 conidia/ml) for 30 seconds and
then transferring them to sterile cages with fresh
tomato leaves.

In the 4" experimental setup, the bacterial
strains that performed the best and two
additional Bt strains were tested against larvae
of L. decemlineata. In this assay, bacterial
suspensions (10®8 CFU/ml) were applied daily,
leading to chronic larvae infection.

Statistical analysis

Obtained mortality data were corrected using the
Abbott formula. The percentage of insects
actually killed by the entomopathogenic bacteria
or fungi was estimated by assessing the
difference between the percentage of living
insects in the control and the percentage of



insects living after treatment, divided by the
percentage of insects living in the control

(Abbott, 1925). Results are presented as mean +
standard error of the mean.

Figure 1. Insect rearing under laboratory conditions.

RESULTS AND DISCUSSIONS

In the first trial, the best results were for one
fungal strain Beauveria bassiana CNMN-FE-01
causing 50% mortality and two bacterial strains
Bacillus spp. S03 and Bt spp. kurstaki CNMN-
BB-04, generating the highest mortality
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respectively, on day seven after treatment
(Figure 2). Thus, data on mortality corrected
according to the Abbott formula was 50.00 +
3.21%, 42.59 + 4.90%, and 28.52 + 3.29% for
best-performing  strains, respectively. No
significant data regarding insect mortality was
recorded for the other tested strains.
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Figure 2. Cumulative mortality of L. decemlineata adults after exposure to bacterial and fungal strains.
Data corrected according to Abbott formula

In the second experimental setup, larvae
obtained from collected eggs were transferred to
sterile Petri dishes and fed with tomato leaves
treated with bacterial and fungal suspensions.

108

No significant data regarding larvae mortality
was recorded, the highest mortality being 33.33
+ 3.33% for Bt CNMN-BB-04 and Bacillus sp.
S03 strains on day 9 after treatment (Figure 3).
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Figure 3. Cumulative mortality of L. decemlineata larvae after exposure to bacterial and fungal strains.
Data corrected according to Abbott formula

In the third experimental setup, fungal strain
Hp2Cg showed significantly high virulence,
causing 53.33 + 3.33% mortality on day 5 and
100% mortality on day seven after treatment
(Figure 4). It was also noticed that insects
stopped feeding from day two after treatment
compared to the control variant, where insects

were feeding actively and laying eggs. Fungal
strain CNMN-FE-01 showed entomopathogenic
activity with 53.33 + 3.33% mortality on day
seven after treatment. In comparison, the other
eight strains have shown very low insect
mortality, with values ranging from 33.33 +
3.33% on day seven after treatment (Figure 4).
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Figure 4. Cumulative mortality of L. decemlineata adults after exposure to fungal strains.
Data corrected according to Abbott formula

In the fourth experimental setup, two bacterial
strains, that performed the best in previous
experiments, B CNMN-BB-04 and Bacillus sp.
S03, and two additional Bt strains CNMN-BB-
03 and CNMN-BB-05 were tested against
larvae. Bacterial suspensions were applied daily,
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leading to chronic infection of larvae. Bacterial
strains Bf CNMN-BB-05 and Bacillus sp. SO3
has shown the best results, with 51.48 + 4.55%
and 41.11 + 4.84% mortality recorded on day
nine after treatment (Figure 5).
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Figure 5. Cumulative mortality of L. decemlineata larvae after exposure to bacterial strains.
Data corrected according to Abbott formula

In recent years, the scientific community has
shown an increased interest in assessing
entomopathogenic fungi against Colorado
beetles. Isaria fumosorosea strain CCM 8367
caused high mortality against Colorado beetle
larvae under laboratory conditions (Hussein et
al., 2016). Treatment of potato leaves with
Beauveria  bassiana significantly reduced
Colorado beetle populations (Wraight & Ramos,
2015). LC50 values were equal to 10°-10°
spores/ml in larvae and 107-10% spores/ml in
adults (Duan et al., 2018). New active strains of
B. bassiana were recently reported from Turkey,
causing mortality rates of 96.7 and 100% in
larvae at a concentration of 1 x 107 conidia/ml
(Baki et al., 2021). Also, highly active strains of
B. bassiana were reported from the Czech
Republic, and mortality of L. decemlineata
adults caused by new native strains isolated
reached up to 100% when beetles were treated
with conidial suspensions at a concentration of
1x107 spores/ml. Authors recorded a LT50
equal to about seven days (Zemek et al., 2021).
The present study reports similar results; the
performing strain Beauveria sp. Hp2Cg has
caused 100% mortality on day seven after
treatment, at the same 1x107 conidia/ml
concentration and the same application method
by dipping the insect into conidial suspension.
In their work, Zemek et al. (2021) focused on
isolating novel native Bb strains from cadavers
of Colorado beetle. Novel native strains had
higher insecticidal activity than the GHA strain,
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the active ingredient of mycopesticide
BotaniGard® WP. The present study was aimed
at screening the local collection of Beauveria
spp. and Bacillus spp. strains regarding their
insecticidal potential. Strains that have shown
some degree of activity were isolated from
various hosts. B. bassiana strain
CNMN-FE-01 has been isolated from Sitona
lineatus. The strain has high insecticidal activity
towards the host from which it was isolated,
with LC50 equal to 1.127 x 10* conidia/ml on
adults. Screened previously against Hypera
postica and Protapion apricans, CNMN-FE-01
caused mortality rates of 70% and 40% on day
seven after treatment (Moldovan et al., 2022). In
the present study, this strain also had moderate
insecticidal activity against adults and almost no
activity against larvae, confirming the idea of
host specificity expressed by Zemek et al.
(2021). Beauveria sp. strain Hp2Cg, isolated
from Hypera postica cadavers, was not
previously assessed against pest beetles. Here, it
had high insecticidal potential; thus, evaluating
this strain against the host from which it was
isolated will be interesting. This paper also
reported results regarding assessing bacterial
strains against adults and larvae. Bacillus sp.
strain SO03 exhibited some degree of activity
against both adults and larvae of the Colorado
beetle. Thus, future studies will be oriented
toward assessing the synergistic potential of
Hp2Cg and S03 strains against adults and larvae
(Wraight & Ramos, 2005).



CONCLUSIONS

Nowadays  agriculture  faces  numerous
challenges, including those caused by the
overuse of synthetic chemicals in pest control.
The development of a sustainable farming
system is a priority for the Republic of Moldova,
the major goals being to provide food safety,
environmental protection, biodiversity
conservation, support farmers, and increase of
international ~ competitiveness. Microbial
biopesticides show great potential in offering
sustainable approaches towards efficient pest
management.

The present paper reports on new data regarding
the insecticidal activity of native bacterial and
fungal strains against adults and larvae of
Colorado beetle. Among screened strains,
Beauveria sp. Hp2Cg has shown promising
potential to be developed as a Colorado beetle
biological control agent.

Future studies will address LC50 and LT50 of
the selected strain and synergistic potential of
Beauveria sp. Hp2Cg and Bacillus sp. S03
strains.  Physiological characterization of
Beauveria sp. Hp2Cg strain and field trials must
be performed to advance toward local
biopesticide production. Also, activities will be
oriented towards the isolation of local
entomopathogenic bacterial and fungal strains
directly from L. decemlineata.
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