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Abstract
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Protection, 41(3): 272-277. https://doi.org/10.22268/AJPP-041.3.272277

The European grapevine moth, Lobesia botrana (Denis & Schiffermdiller, 1775) (Lepidoptera: Tortricidae), a palearctic pest, has been
the target of an international control campaign. Agricultural production areas in Armenia were identified as lacking effective control in 2019-
2020. The results of using a mixture of bacterial and chemical insecticides (BTter-ss + Coragen, BTrer-94 + Coragen) were effective in
controlling this pest. Coragen combined with sublethal concentration of bacterial insecticides (BTter-s5+ Coragen, BTter-04 + Coragen) showed
high biological efficiency against young larvae of grapevine moth under vineyard conditions. It has been proven also that, Coragen together
with the applied insecticides that fell on the soil after spraying were less dangerous ecologically since they reduced the number of soil-living
ammonifiers for only a short period (1-2 months). In addition, results obtained confirmed that the bacterial insecticides BTter-ss and BTTer-94
differed in morphological and physiological features, particularly in the size of vegetative cells and spores formed by them, as well as in the

size of insecticidal crystalline bodies, colonies shape and assimilation of carbon and nitrogen sources.
Keywords: Armenia, European grapevine moth, insecticide, Invasive pests, Plant protection.

Introduction

The European grapevine moth, Lobesia botrana (Denis &
Schiffermiller) (Lepidoptera: Tortricidae) historically has
been a pest in the Mediterranean regions of Europe, Asia,
North Africa, and then introduced into the Americas with the
first detection in Chile in 2008 (loriatti et al., 2011; 2012).
Grapevine flowers and berries are beloved hosts for this
moth. Also, they can be found on olive flowers, blueberries,
and plums. An increase in the yield of viticulture is often
hindered by the European grapevine moth Lobesia botrana
(Denis & Schiffermdller, 1775) (Lepidoptera), affecting the
crop’s yield and quality (Arestova & Ryabchun, 2017;
Thiéry et al., 2018). Thus developing and implementing
control approaches that are highly effective and
environmentally safe are strongly needed. Because chemical
control of garden pests caused a number of undesirable
consequences for the environment (Belyaev & Nozdrenko,
2004; lvantsova, 2004), special attention was paid to the use
of  microbiological, especially BT-type bacterial
preparations, which showed high biological effectiveness
against harmful insects, and at the same time was safe for
humans, warm-blooded animals, beneficial entomofauna and
fish (Africyan, 1973).

It is known that the dominant part of the sprayed
pesticides (60-99%) eventually drop into the soil in different
ways (through spraying, precipitation, falling of leaves, etc.)
(Chigarev et al., 1974; Yablokov, 1987). Plant protection
research often pays attention to the economic effectiveness
of the insecticides used, but their impact on the soil fertility
indices is neglected, which from an ecological point of view
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makes it impossible to predict and prevent the undesirable
manifestations of the insecticides applied (Sargsyan, 2013).

Thus, this study summarized the results of the bacterial
and chemical insecticides against European grapevine moth
(EGM) larvae of early instars and assessed the influence of
the insecticides that fell on the soil through spraying (both
individual and combined with sub-lethal concentration) on
the guantity of the ammonifiers (ammonifying bacteria) that
defined the fertility of light-brown soil.

Materials and Methods

In Armenia, L. botrana typically completes three
generations, and this study was conducted on the second
generation, and control was based on data obtained from
pheromone traps. The second generation of male adults were
collected using pheromone traps ("Ararat" traps made in
Armenia) in the vineyard of Arpi region, Vayots Dzor
province (Republic of Armenia) during the period June 2019
to June 2020.

On one hectare, three traps were placed one meter
above ground level. Every 2-3 days, the traps were inspected
and data was collected. As a result, the 1st instar larvae of
the second generation of the European grapevine moth
(EGM) were collected. The preparations evaluated in this
study were as follows: Local BTTER-55 and BTTER-94
bacterial insecticides (named after the founder and one of the
authors of this paper, Hrant Terlemezyan) that were isolated
from the larvae of the naturally deceased Lobesia botrana
(Denis & Schiffermiller, 1775) and apple moth,
Hyponomeuta malinellus (Zeller, 1838); Lepidocide
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(commercial bacteriological preparation powder BA 3000
UA/mg, produced by "Sibbiopharm™ (Russian Federation);
Coragen (active ingredient: chlorantraniliprole, produced by
Syngenta (Switzerland); and Arrivo (active ingredient
cypermethrin, produced by FMC (USA). In addition,
grapevine variety Areni, light-brown soil, and soil-inhab
(ammonifiers) were used. Bacterial (as cultuyre fluids) and
chemical (as water suspension) insecticides were tested
individually and in combination against early-instars of
EGM larvae. The Armbiotechnology Research and
Production Center produced the BTter-s5 and BTrer-os
culture fluids, at a concentration of 600 million spores/ml.
Insecticides with sub-lethal concentrations were included in
the "culture fluid + chemical preparation” combinations. The
culture fluid and the water suspension of the chemical
preparation were diluted three and four times, respectively as
compared with the lethal concentration.

The spraying was done in June, early in the morning,
with an OVT-1A tractor sprayer. The working fluid
consumption was 1000 litres per hectare. Each treatment was
replicated three times. The control was an unsprayed
vineyard patch infested with EGM larvae. The reference
preparations were Lepidocide from the bacteriological group
and Arrivo from the chemical group.

The biological effectiveness of the tested preparations
was assessed in accordance with the methodological
guidelines reported earlier (Fedorinchik, 1973; Ganiev &
Nedorezkov, 2006). The size of vegetative cells, spores, and
crystalline bodies were determined as describe earlier
(Egorova, 1976). The Hiss's serum water medium was
prepared using a previously described method (Labinskaya,
1963).

The number of ammonifiers in light-brown soil (both
sprayed and unsprayed (control) with insecticides were
determined during the growth period (June-September)
under laboratory conditions (Netrusov, 2005). The
experimental data was then statistically analysed (Ashmarin
et al., 1962; Berstein, 1968; Birkhofer et al., 2017; Orlov,
2006).

Results and Discussion

The preparations BTer-s5 and BTrer-94 are both prokaryotic
rod-shaped vegetative bacteria with approximate dimensions
of 4.02 x 1.52 and 3.84 x 1.20 um, respectively (Table 1).
BTrer-55 and BTrer-04 pathogens formed intracellular oval
spores (with mean sizes of 1.78 x 0.90 and 1.60 x 0.84 pm,
respectively) and toxic crystalline bodies with mean
dimensions of 1.62 x 1.28 and 1.48 x 1.16 pum , respectively)
at a young stage (3 days after sowing). The synthesis of
spores and crystalline bodies in vegetative cells occurred
simultaneously in a 1: 1 ratio.

It was significant that, during the ageing phase, in
addition to sporulation, the strain BTrerss Synthesised
morphologically different shapes (oblique, oval, square,
irregular, boat-shaped, and so on) as compared to only
diagonal crystals by the BTrer-o4 Strain.

There was no correlation between the insecticidal
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activity of BT bacteria and the appearance of crystalline
bodies (Olekh, 1974), who reported that the biological
effectiveness of a BT bacterial pathogen is dependent on the
physicochemical properties of the crystalline body,
particularly the endothelial crystal structure and the amino
acids contained within it.

There was no correlation between the insecticidal
activity of BT bacteria and the appearance of crystalline
bodies (Olekh, 1974), who reported that the biological
effectiveness of a BT bacterial pathogen is dependent on the
physicochemical properties of the crystalline body,
particularly the endothelial crystal structure and the amino
acids contained within it.

The aerobic crystallising bacteria BTrer-s5 and BTreg-
o4 develop well at temperature of 28-30°C on MPA (meat-
peptone broth) nutrient medium and form colonies with
diameters of 7.4 and 8.2 mm, respectively, and both strains
form a fine membrane on the medium surface. BTrerss
assimilates glucose, fructose, sucrose, and arabinose from
carbon sources while growing in a Hiss's serum water
medium, whereas BTryer-04 assimilates glucose, fructose,
raffinose, and glycerin. BTer-s5 misappropriates valin and
peptone from the nitrogen sources of Beyerink's nutrient
mediums, liquefies meat peptone gelatin (MPS) (in the
affected area by the bacteriological needle, at the 2/3 of the
longitudinal test tube column). BT+er-04 liquefies MPS as
well, but only at the one third of the longitudinal test tube.
Nitrate salts (KNOs, NaNOs, Ca(NOs3),) were not absorbed
by these strains. The data obtained showed that Coragen
when sprayed at 0.2 I/ha had a high biological effectiveness
(97.1%) against early instars of EGM larvae, 7 days after
spraying as well as 4 days after spraying (94.3%) (Table 1).

Table 1. Vegetative cells and spores of BT-type bacterial
insecticides present in colonies based on MPA nutrient
medium and average size of endothelial crystalline bodies

(um).

crystalline
Vegetative cells spores bodies

Preparation length width length width length width
BTrer-s55 402 152 178 090 1.62 128

BTrer-94 3.84 120 160 084 148 1.16

When compared with the chemical preparations,
bacterial BTrers5 and BTrer-94 culture fluids sprayed at the
rate of 3 I/ha each showed relatively low biological
effectiveness of 52.0% and 60.7%, 4 days after spraying, and
88.0 and 89.3%, 7 days after spraying, respectively.

The sub-lethal concentration combinations of BTrer-s5
+ Coragen and BTreroes + Coragen demonstrated high
biological effectiveness against phytophagus larvae (7 days
after spraying) that reached 90.9% and 92.3%, respectively.
The observed high rates of effectiveness were most likely
conditioned by the stimulating effect of Coragen sub-lethal
concentration and the combined effect with the bacterial
insecticide. Seven days after treatment, the reference
preparations, bacterial Lepidocide and chemical Arrivo, gave
86.2% and 90.0% biological effectiveness against early
instars of EGM larvae, respectively (Table 2).



Table 2. Mean biological effectiveness of the individual and
combined insecticides against early instars of Lobesia
botrana larvae in the vineyard.

Table 3. Statistical figures of the average quantity of the
dead young instars of Lobesia botrana larvae obtained 7 days
after spraying.

Consumption Biological
rate of the  effectiveness (%6)
commercial following

preparations _treatment in days

Treatments (I/ha, kg/ha)  4days 7 days
B Ter -94 + Coragen 1.0+0.05 69.2 92.3
Coragen 0.2 94.3 97.1
BT+er -55 3.0 52.0 88.0
BTer -04 3.0 60.7 89.3
BT+er-55 + Coragen 1.0+0.05 66.7 90.9
Lepidocide (reference 2.0 62.1 86.2
preparation)

Aurrivo (reference 0.38 80.0 90.0

preparation)

According to Student t standard calculation indices, the
biological effectiveness of using Coragen was significantly
different from the BTter-ss treatment recorded 7 days after
spraying. BTrer-04 and Lepidocide (reference preparation)
treatments (at P=0.05 and n=3), had calculated indices of
4.030, 3.326 and 4.232, respectively, which exceeded the
Student t standard tabular value of 3.182). In all other cases,
Student t standard calculation indices, which ranged from
0.381 to 3.122, confirmed that there was no significant
difference in the biological effectiveness of the individual
experimental treatments, as compared to the reference
preparations. The statistical figures of the average numbers
of dead EGM larvae presented in Table 3 (coefficient of
variation and experimental error) fluctuated in the range of
6.41-9.18 and 3.7-5.3%, respectively, confirmed that the
results of the experiments were significant. The square
deviation value was used as an auxiliary parameter when
calculating the coefficient of variation, experimental and
average errors. Based on previous work (Emcev et al., 2005),
ammonification, which plays an important role in soil
fertility, occured when inaccessible organic nitrogen is
converted into a mineral nitrogen was easily assimilated by
higher plants and soil-inhabiting bacteria.

Based on the aforementioned arguments and
experimental data from previously published work
(Kazaryan, 2007), indicated that BT-type bacterial
insecticides, which drop on the light-brown soil following
spraying, remain in the mentioned soil for 4 months with the
tendency to decrease the number of ammonifiers involved in
the nitrogen cycle. Laboratory tests confirmed that, in
response to spraying, ammonifiers quantities significantly
decreased for two months (June-July) due to the effects of
fallen coragen and arrive chemical insecticides on the soil,
compared to the unsprayed control (Table 4). The quantities
of ammonifiers were restored in the following months and
did not differ significantly from the control (unsprayed soil).

Treatments* ANDL™ SDM CV (%) ME SE (%)

Coragen 34 2.827 831 1632 48
BT 7er 55 22 1483 6.74 0.856 3.9
BT Ter -04 25 1732 693 1.000 4.0
BT ter 55 + 30 2182 7.27 1260 4.2
Coragen

BT 1er-04 + 24 1538 641 0.888 3.7
Coragen

Lepidocie 25 2295 918 1325 53
(reference

preparation)

Arrivo 27 1936 7.17 1118 4.1
(reference

preparation)

* The dosage used is as described in Table 2.

** ANDL: Average number of the dead larvae on 150 grapevine
leaves SDM: Square of deviation from the mean; CV: Coefficient
of variation; ME: Mean error; SE: Experimental error

Bacteriological studies revealed that non-sporulating
bacteria were quantitatively dominant in ammonifiers grown
on MPA nutrient medium, followed by actinomycetes and
microscopic fungi with a decreasing order. The quantities of
actinomycetes and microscopic fungi were negligible in both
the experimental and control (unsprayed) treatments. The
number of non-sporulating bacteria increased during the
growing season, peaking in July and gradually decreased
over the following two months. From June to September, the
number of soporulating bacteria and actinomycetes
increased, whereas microscopic fungi decreased.

Previous work (Emcev & Mishustin, 2005), indicated
that the mineralization dynamics (ammonification) of
organic compounds containing soil nitrogen depend on soil
temperature, humidity and air saturation during the growth
period. These factors most likely also influenced the
dynamics of the number of ammonifiers in this study. The
species composition of ammonifiers is currently being
determined. Based on the results obtained in this study, it can
be concluded that the BTterss and BTreros bacterial
insecticides differed from each other in terms of vegetative
cells, spores, crystalline bodies, and colony sizes, as well as
the shape of crystalline bodies produced and the peculiarity
of carbon source assimilation. The biological effectiveness
of coragen chemical preparation against early-instar of L.
botrana larvae has been demonstrated. The overall biological
effectiveness of the Lepidocide bacterial preparation against
phytophagous early-instar larvae was 86.2-89.3% using
BTvrerss, BTrerosa culture fluids, and insecticides water
suspension. Combinations of chemical and bacterial
insecticides with sub-lethal concentrations against EGM
larvae demonstrated biological effectiveness comparable
with that of Coragen.
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It was confirmed that Coragen, Arrivo, and combined
insecticides are less harmful because they suppressed the
number of soil-inhabiting ammonifiers for a short period of
1-2 months, and it was revealed that the ammonification
process in the soil involves sporulating and non-sporulating

bacteria,

actinomyecetes,

and microscopic fungi,

the

quantities of which change during the growth period period,

because of the EGM population in the soil.

Table 4. Average statistical figures of the number of ammonifiers after spraying with insecticides in the laboratory experiments

of 2019 and 2020.

Average number of

the ammonifiers in Variation Experiment  Student tstandard
1 gr of the dry soil Square  coefficien  Average al error calculation
Treatments*  Months (millions) deviation t (%) error (%) index
Coragen June 5.22 0.478 9.16 0.214 4.1 10.894
July 9.70 0.628 6.47 0.281 2.9 3.570
August 7.88 0.617 7.83 0.276 35 0.603
September 5.90 0.487 8.25 0.218 3.7 1.016
BT+er 55 June 10.02 0.718 7.17 0.321 3.2 0.914
July 13.00 1.308 10.06 0.585 45 0.362
August 7.60 0.476 6.26 0.213 2.8 1.332
September 6.62 0.740 11.18 0.331 5.0 0.663
BTer 94 June 11.24 1.205 10.72 0.539 4.8 2.431
July 13.42 1.140 8.49 0.510 3.8 0.829
August 8.20 0.458 5.58 0.205 2.5 0.096
September 6.62 0.622 9.40 0.278 4.0 0.729
BTrer 55 + June 7.46 0.534 7.16 0.239 3.2 5.077
Coragen July 11.80 1.136 9.63 0.507 4.3 0.893
August 8.34 0.803 9.63 0.359 4.3 0.339
September 5.72 0.498 8.71 0.223 3.9 1.46
BTrer-04 + June 6.98 0.843 12.08 0.377 5.4 4.907
Coragen July 10.98 1.129 10.28 0.505 4.6 1.770
August 8.70 0.740 8.51 0.331 3.8 1.064
September 6.48 0.420 6.48 0.188 2.9 0.481
Lepidocide June 10.80 1.183 10.95 0.529 4.9 1.813
(reference July 12.40 0.776 6.26 0.347 2.8 0.285
preparation) August 7.86 0.720 9.16 0.322 4.1 0.600
September 6.20 0.416 6.71 0.186 3.0 0.268
Arrivo June 4.90 0.559 1141 0.250 51 10.995
(reference July 8.56 0.630 7.36 0.282 3.3 9.072
preparation)  August 7.94 0.461 5.81 0.206 2.6 0.529
September 6.11 0.546 8.94 0.244 4.0 0.460
Control soil June 9.58 0.642 6.70 0.287 3.0 -
(unsprayed) July 12.64 1.498 11.85 0.670 5.3 -
August 8.16 0.693 8.49 0.310 3.8 -
September 6.30 0.619 9.83 0.277 4.4 -

* The dosage used is as described in Table 2.

The Student tsndard tabular index (at P=0.05 and n=5) was equal to 2.571, and the "-" control soil index was included in the Student tstandard

calculation formula.
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