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INTRODUCTION

Relevance of the research

Lepidoptera and Hymenoptera are the major orders of pests of coniferous trees that can
cause massive reproduction outbreaks and in such way defoliate trees (Ziogas, 1997; Dahlsten,
Mills, 1999; Belova et al., 2000). Under natural conditions, abundance of the pests is controlled
by a specific complex of their parasitoids and animals feeding on insects. However, upon
occurrence of environmental conditions favourable for pest development and/or if parasitoid
hatching synchronicity is disturbed, the outbreaks of massive reproduction and spread of conifer
defoliators can occur. They can persist for 4—7 years in some stands (Ziogas, 1997; Ciesla, 2004;
Haynes et al., 2014), and thus trees lose increment (Straw, 1996; Straw et al., 2002; Gedminas
et al., 2004), get weaker and are more often attached by trunk pests and diseases (Cedervind et
al., 2003; Lynikiené et al., 2004a).

Such outbreaks are most often neutralised applying chemical insecticides, e.g. synthetic
pyrethroids: etofenprox, diflubenzuron, teflubenzuron, z-cypermethrin, ect. (Sierpinska, 1998;
Woreta, Malinowski, 1998). In recent years, their use has been limited because of their adverse
effect on environment and living organisms, e.g. the widely used cypermethrins are very toxic to
water insects, bees, fish and human health (Cox, 1996). One of alternatives to chemical
pesticides is the use of biological preparations. They are produced on the basis of protozoa,
baculoviruses, bacteria, nematodes and entomopathogenic fungi. To date, biological insecticides
created on the basis of bacteria Bacillus thuringiensis (Bt) are popular all over the world. They
are certified and used in the EU. These preparations are used to fight with conifer defoliators in
Poland (Glowacka, 1996; Sierpinska, 1998, Augustyniuk-Kram, 2011), Sweden (Lindelow,
1997), France (Augustyniuk-Kram, Kram, 2012), Lithuania (Lynikiené et al., 2004b;
Alenikovas, Gedminas, 2010). These preparations can be used only under favourable
environmental conditions: sprayed only in the daytime, no rain at least 1-2 days after
application to avoid wash down, etc. Besides, Bt preparations are effective only if used through
the intestine of insects wherefore only actively feeding pests die.

One of alternatives to be used for protection against pine defoliators is preparations
produced on the basis of entomopathogenic fungi. Currently, their production and use are in
great request (Sihag, 2011) because of low price, higher resistance to unfavourable
environmental factors (rain, UV radiation, temperature) and ability to kill insects in every stage
of development (even in non-feeding stages). Unfortunately, no biological preparation to control

Lepidoptera and Hymenoptera populations feeding on conifer needles has been registered as yet.
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One of the reasons is that so far no comprehensive investigation on interaction of
entomopathogenic fungi with the bordered white Bupalus piniaria, pine-tree lappet
Dendrolimus pini, and common pine sawfly Diprion pini has been done, nor has sensitivity of
these insects to pathogenic fungi been studied.

The results of this research are important not only for fundamental knowledge, but also
for practical application, i.e. in creating and using the means to control abundance and spread of

these pests and to mitigate damage to forest ecosystems.

The aim of the research

The aim of the research was to determine the diversity of entomopathogenic fungi in the natural
population of conifer defoliators, to establish sensitivity of these insects to entomopathogenic
fungi and to test insect ability to recognise fungus-infected substrates (based on the model

species from Hymenoptera and Lepidoptera orders).

Tasks of the present research

For fungus—insect interaction:

1. To isolate and identify entomopathogenic fungi in the natural population of the bordered
white moth Bupalus piniaria (Lepidoptera) and estimate their diversity.

2. To establish sensitivity of conifer defoliators: bordered white moth Bupalus piniaria
(Lepidoptera), pine-tree lappet moth Dendrolimus pini (Lepidoptera) and common pine
sawfly Diprion pini (Hymenoptera), to entomopathogenic fungi.

For insect—fungus interaction:

3. To test insect ability to recognise fungus-infected substrate:

— evaluate behavioural and olfactory receptor responses to substrate infestation;

— isolate and identify volatile compounds according to which an insect can recognise
substrates with and without fungi;

— estimate biological activity of synthetic analogues of isolated and identified compounds
based on the investigation of the Indian meal moth Plodia interpunctella (Lepidoptera).

Defended statements:

1. A complex of at least 15 cultivated micromycete species can be isolated from dead
Bupalus piniaria larvae collected under field conditions.

2. Sensitivity of conifer defoliators to entomopathogenic fungi depends both on insect species
and stage of its development as well as on entomopathogenic fungus species.

3. Plodia interpunctella females chose for egg-laying the substrate uninfected by fungi.



4.

Substrates infected and uninfected with fungi can be distinguished according to volatile

organic compounds of the substrate.

Scientific novelty of the study

1.

Entomopathogenic fungi were isolated from the bordered white moth Bupalus piniaria
larvae and identified, their diversity was evaluated for the first time;

The effect of entomopathogenic fungi on larval stages of conifer defoliators Bupalus
piniaria, Dendrolimus pini and Diprion pini was investigated for the first time;

The sensitivity of Dendrolimus pini to entomopathogenic fungi during pre-imaginal
development was investigated for the first time;

Plodia interpunctella chemoreceptors were found to react to 4-oxoisophorone and 3-
methyl-1-butanol for the first time;

It was found for the first time that 4-oxoisophorone can affect mated Plodia interpunctella
females as a repellent and 3-methyl-1-butanol acts both as a repellent (in high doses) and
as an attractant (in lower doses);

It was proved for the first time that 3-methyl-1-butanol can be a marker to recognise

fungus-infected substrates.

Scientific and practical significance

The results of the research provide new data on interactions between insects and fungi.

The results obtained can be applied:

v
v
v
v

in creating biological protection means against conifer defoliators;
in choosing the most suitable time for application of biological preparations;
in creating biomarkers;

in electrophysiological investigation of olfactory receptors of insects.

Approbation of the results

Dissertation results were presented at: XXVIII Nordic — Baltic Congress of Entomology

(Birstonas, Lithuania 2010), 2" conference of ,,Young scientists - for agricultural progress*
(Vilnius, Lithuania, 2013), the 30" ISCE Annual Meeting. Meeting Overview, 8-12 July,
(Urbana-Champaign, lllinois, USA, 2014), the 31* ISCE Annual Meeting. (Stockholm, Sweden,

2015). Results of the research were published in seven publications: three scientific articles and

four conference abstracts.



Structure of the dissertation.

The dissertation contains the following chapters: Introduction, Literature Review, Material and
Methods, Results, Discussion, Conclusions, References (280 sources), List of Publications
where the dissertation material was published and Appendices. The dissertation covers 109
pages; it contains 11 tables and 31 figures. The text of dissertation is written in Lithuanian with
the abstract in English.
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LITERATURE REVIEW

This chapter reviews the ecology and basic development features of entomopathogenic
fungi (EPF) and its interaction with insects. It also provides an overview of subject insects
(Bupalus piniaria, Diprion pini, Dendrolimus pini and Plodia interpunctella) basic biological

and ecological features.

MATERIAL AND METHODS

Insects. Pine defoliators: bordered white moth, Bupalus piniaria L. (Lepidoptera: Geometridae);
pine sawfly, Diprion pini L. (Hymenoptera: Diprionidae) and pine-tree lappet moth,
Dendrolimus pini L. (Lepidoptera: Lasiocampidae). Stored products pest Indian meal moth
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Plodia interpunctella (Hiibner) (Lepidoptera: Pyralidae). Insects were reared under laboratory
conditions in insects rearing chambers (PLAS LABS, INC., USA, at 20-25 °C, with 75 + 10 %
RH, and a 18:6 L:D photoperiod.
Fungi. Entomopathogenic fungi used in the tests: Beauveria bassiana (Bals.) Vuill. (DPK-02-
d), Metarhizium anisopliae (Metschnikov) Sorokin (DPK-06-d), and Isaria farinosa (Holmsk.)
Fr. (DPK-06-f-11), Lecanicillium psalliotae (Treschew) Zare & W. Gams (DPK-08-v-6),
Fusarium solani (Mart.) Sacc. (DPK-08-f-5). Fungal strains used in the study were obtained
from Fungi Culture Collection (Biodeterioration Research Laboratory, Institute of Botany,
Nature Research Center, Vilnius, Lithuania), maintained for a long-term storage. Aspergillus
flavus Link: Fries (MUCL 11945), were supplied by Belgian Coordinated Collection of
Microorganisms — BCCM.
Substrate. Common wheat (Tricium aestivum L.; variety — ,,Zenta*) grain were used as
substrate for Plodia interpunctella biotests.
Isolation and identification of micromycetes. Fungi from the dead larvae of B. piniaria
collected under field conditions were isolated and identified. Each cadaver was sterilized for 1
min. in 5% sodium hydrochlorite (NaOCI), 2 min. in 75% ethanol solution and rinsed in plenty
of sterile distilled water. The cadavers were left to dry for 48 hrs. After drying each caterpillar
was transferred to a separate Petri dish and kept at 25 + 2 °C, under 75 + 10 % RH conditions.
The sporulating fungi from cadavers were isolated and transferred on several growth media:
Sabourand Dextrose Agar (SDA, Liofilchem, Italy), Potato Dextrose Agar (PDA, Liofilchem,
Italy), Malt Extracts Agar (2 % MEA, Liofilchem, Italy) and Czapek’s Agar (CA, Liofilchem,
Italy). Fungi were grown on medium for 5-7 days at 26-28 °C in the dark. Fungal colonies
identification was made basing on the micro-morphology and using keys of Samson 1974;
Fisher et al., 1982; Nelson et al., 1983; Kiffer et al., 1997; Sung et al., 2001; Domsch et al.,
2007.
Preparation of entomopathogenic fungi conidial suspensions

Entomopathogenic fungi conidia were washed from airborne mycelium. Fungus culture
grown in a Petri dish was flooded with 20 mL of sterile water containing 0.01% Tween 80
solution (Sigma, USA). The procedure was repeated several times to collect conidia in the total
suspension. Based on a hematcytometer counting, the conidial suspension was adjusted to obtain
1 x 10° germinating conidia/mL dH,O concentration, chosen for testing following

recommendations (Freimoser et al., 2003; Zimmermann, 2008).



Bioassay

Insects were tested on larval (Bupalus piniaria, Diprion pini, Dendrolimus pini) and egg
development stages (Dendrolimus pini). Entomopathogenic fungi conidia suspension at the
bioassay was sprayed directly on individuals with nutritional substrate. Insect larvae were kept
in glass cages (in volume of 3 L) and fed with fresh needles on 10-15 cm long Scots pine (Pinus
sylvestris L.) twigs. Insects were reared under laboratory conditions in rearing chambers (PLAS
LAB, INC, USA) at 20-25 °C, 70 + 10 % RH and 16:8 L:D photoperiod. Eggs for bioassay were
kept in Petri dishes under the same conditions as larvae.

Mortality of the tested insects was registered daily for 3 weeks. Cadavers were placed on
sterile moistened filter paper disks in Petri dishes and incubated at 24 °C. Re-identification of
fungal colonies was made basing on the micro-morphology and using keys as indicated above.
Oviposition test

For oviposition, a mated Plodia interpunctella female (separated from male) was
introduced into a bioassay chamber (12 % 10 x 4 cm plastic box, lined with black paper),
containing two potential oviposition points. These points consisted of two plastic Petri dishes (o
3.5 cm and 1 cm in height) placed ~6 cm opposite each other. The wheat grain was used as a
oviposition substrate. Three grams either of sterile, non-infected whole kernel wheat or infected
with appropriate fungus kernels were overspread into opposite dishes of two potential
oviposition points and box was covered with a transparent cover. The floor of a plastic box was
covered with black craft paper to evaluate eggs laid out of substrate (Sambaraju, Phillips, 2008).
All test boxes were placed in a growth chamber held at 25 °C, approximately 70 % RH, with
16:8 (L:D) photoperiod.

Eggs laid in the Petri dish, on the floor, and on the walls of the plastic box were counted
daily (after 24, 48 and 72-hrs. of exposure). Thirty replicates were conducted per assay. Results
of two-choice oviposition experiments were included as positive if female laid more than 5 eggs
(Phillips, Strand, 1994).

Two choice (pitfall) olfactometer test

The test was performed as described by Uechi et al. (2007). The assay was conducted
using pitfall olfactometers as follows: a plastic Petri dish (85 mm diameter X 20 mm high) was
constructed with two holes (8 mm diameter, 50 mm apart) under each of which a plastic pipette
chip (upper diameter 8 mm, lower — 6 mm, length — 20 mm) was adhered. Each chip was
inserted in a glass vial (10 mL volume). On the bottom of each vial was filter paper pieces

treated with 10 pL of the hexane (control) or the single synthetic volatile sample at different
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dose (0.1; 1; 10 ir 100 pg). A single 2-3 day-old mated P. interpunctella female was released per
dish within dark rearing chamber at 25 + 2°C and 70 = 5 % RH. After 1 hr, whether the moth
was in each vial or not was recorded. The assay per one volatile (at 0.1; 1; 10 ir 100 pg dose)
repeated 60 times.

Solid phase microextraction technique (SPME)

SPME was adjusted to collect volatile compounds from uninfected and infected by fungi
(Aspergillus flavus) common wheat grain. Erlenmeyer glass flask (70 mL of volume) each filled
with 30 g of common wheat grain were inoculated with 5 mL of the aqueous suspension
containing approximately 1 x 10’ fungal conidia mL™. Control vials were containing non-
contaminated grain samples. Volatile components from the headspace solid phase
microextraction were absorbed by 65 um Polydimethylsiloxane-Divinylbenzene fiber (PDMS-
DVB) (Supelco, USA). Prior to the solid phase microextraction vials with infected grain were
kept for 60 min., at lighting and 40 °C temperature conditions. SPME was performed for 2
hours.

Volatiles were collected 3" to 7" day after inoculation. To detect dynamics of a volatile
component produced by fungus-infected substrate (wheat grain) the SPME carried out on 1, 3, 5,
8 and 10 days after fungi inoculation.

Simultaneous gas chromatography and EAD registration (GC-EAD)

GC-EAD recordings were conducted using Clarus 500 (PerkinElmer) GC with FID and
EAD detectors with DB-Wax column (column length 30m, inner diameter 0.25 mm, film
thickness 25 um, Agilent Technologies, USA). The injector, detector and EAD transfer line
temperatures were 240 °C. The oven temperature program started at 40 °C (held for 2 min), then
raise by 5 °C/min to 200 °C, then 10 C/min to 240 °C (held for 10 min). Hydrogen was used as
carrier gas, 1.5 mL/min.

The effluent from the column was split into two parts, one (50 %) transferred to FID and
the other (50 %) to EAD in a ratio 1:1. Antenna of the insect was used as a detector to detect
biologically active volatile compounds.

Only 2-3 days old P. interpunctella females were used in the bioassay. Glass capillary
electrodes filled with physiological solution (NaCl 0.9 %; (llsanta, Lithuania) were put on Ag
electrodes. The antenna of an insect was removed and connected between two capillary. The
column of the EAD outlet was introduced into a 12 mm diameter glass tube with a constant air
stream of 0.5 m/s. EAD registration was carried out using signal connection interface IDAC-232
(Syntech, The Netherlands). Compounds that elicited consistent responses in at least three

consequent recordings were marked as EAD active.
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Identification of EAD active volatile compounds

Wheat grain emissions which evoke EAG responses of P. interpunctella females were
identified. GC-MS analyses were conducted using Shimadzu GC-2010 equipped with the
Shimadzu GCMS-QP 2010 Plus (Shimadzu, Japan). Mass selective detector Stabilwax column
(30m x 0.25 mm x0.25 um). EAD active compunds were identified by comparing their retention
times and mass spectra with authentic synthetic standards retention times and by comparing the
retention index (RI) and mass spectra which are assessed at compound database and spectral
library (NISTO08). Authentic synthetic standards: nonanal (purity, 95 %, SIGMA-ALDRICH,
Co., USA), phenylacetaldenyde (purity, 98 %, SIGMA-ALDRICH, Co., USA), 4-
oxoisophorone (purity, 98 %, SIGMA-ALDRICH, Co., USA), 3-methyl-1-butanol (purity, 98.5
%, Carl Roth GmbH, Karlsruhe, Germany), 1-hexanol (purity, > 99 %, Fluka, Buchs,
Switzerland).
Dose-response of Plodia interpunctella to EAG active compounds

The electroantennography (EAG) was performed as described by Weissbecker et al.
(2004). The tested compound (at dose of 1, 10, 100 and 1000 pg) was applied to a piece of
filtered paper (20mm x 5mm) (Whatman®1, England) and placed to a Pasteur pipette. Air
containing test substances at rate 48 mL/s was pushed into the constant airflow by an interval of
0.5 s and that way reached the testing antenna. Tested compounds: 1-hexanol, nonanal,
phenylacetaldehyde, 4-oxoisophorone and — 3-methyl-1-butanol. Hexane (10 uL) was used as a
control. EAG signals were recorded with a Syntech ,,EAG2000* system (The Netherlands).
EAG responses were measured initially in units of mV.

RESULTS AND DISCUSSION

Fungus—insect interaction

Micromycete isolation and species identification from Bupalus piniaria larvae
B. piniaria larvae collected in nature were reared under laboratory conditions. A
complex of micromycetes was isolated from 56 dead 2nd and 3rd instar (L2-3) larvae. 86 % of
tested insects had symptoms of mycosis. 36 micromycete strains belonging to 15 species and 10
genera were isolated, reared and identified during the investigation (Table 1). The diversity of
identified micromycetes was calculated using the Shannon-Wiener diversity index (H’ = 1.98).
So far, no data on isolation and identification of micromycetes from B. piniaria larvae

have been published.
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Table 1. A complex of micromycetes isolated from cadavers of Bupalus piniaria larvae.

1 lentelé. Mikromicety kompleksas i$skirtas i§ Bupalus piniaria viksry.

Class Order Family Genus Species % |
Dothideomycetes  Capnodiales Davidiellaceae Cladosporium  C. herbarum Pers. (Link) 1.42
Sordariomycetes ~ Hypocreales Cordycipitaceae Beauveria B. bassiana (Bals.-Criv.) Vuill. 6,21
Isaria L farinosa (Holmsk.) Fr. 2.14
Lecanicillium L. lecanii (Zimm.) Zare & W. Gams 0,82
L. psalliotae (Treschew) Zare & W. 3461

Gams

L. tenuipes (Petch) Zare & W. Gams 0,20

Nectriaceae Fusarium F solani (Mart.) Sacc. 2433

F subglutinans (Wollenw. &
Remking) PE. Nelson, Toussoun & 0,61

Marasas
Eurotiomycete EBurotiales Trichocomaceae Trichothecium T. roseum (Pers.) Link 0.34
Aspergillus A. flavus Link 3.51
Penicillium P, frequentans Westling 2,93

P solitum var: crustosum (Thom)
Bridge, D. Hawskw , Kozak , Onions, 6,30
RR.M. Peterson & Sackin.

Zygomycetes Entomophtorales Entomophtoraceae  Massospora M. cleoni Wize 197
,2

Mucorales Mucoraceae Mitcor M. hiemalis Wehmer §.83

M. ramosissinuts Samouts. 6,48

Sensitivity of conifer defoliators — bordered white moth Bupalus piniaria, pine-tree lappet
moth Dendrolimus pini (Lepidoptera) and common pine sawfly Diprion pini
(Hymenoptera) — to entomopathogenic fungi

Bupalus piniaria larvae mortality caused by fungi

Effect of Lecanicillium psalliotae and Fusarium solani on Bupalus piniaria larvae. During the

investigation period (10 days), the mortality caused by Lecanicillium psalliotae was barely
10.03 + 1.82 % and did not differ from the mortality of the control group sprayed with sterile
distilled water (14.24 + 1.39 %). A low effect on B. piniaria larvae could be explained by L.
psalliotae being a soil fungi which is effective in killing soil-living organisms such as ticks
(Pirali-Kheirabad et al., 2007) and nematodes (Gan et al., 2007; Sung et al., 2007). The effect of
this fungus on Lepidoptera is not known. Our research did not reveal any effect of this fungus

on B. piniaria.
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Fusarium solani conidial suspensions (1.4 x 10® conidia mL™) more effectively inhibited
vitality of larvae. The virulence of entomopathogenic fungi was not high: 29.62 + 3.69 %
mortality in 10 days after spraying.

Effect of Beauveria bassiana, Metarhizium anisopliae and Isaria farinosa on Bupalus piniaria

larvae. The effect of Beauveria bassiana DPK-02-d, Metarhizium anisopliae DPK-06-d and
Isaria farinosa DPK-06-f-11 strains (conidial suspension concentration of 1 x 102 conidia mL™)
on 3rd and 4th (L 3-4) instar larvae of the bordered white moth was tested under laboratory
conditions.

Conidial suspensions (concentration 1 x 10® conidia mL™) of B. bassiana and M.
anisopliae pathogens caused 100% mortality of tested insects during the study period (21 days)
(Fig. 1). However, larvae mortality dynamics differed between the two cases. By applying the B.
bassiana group, 100 % mortality was reached in 12 days after spraying, whereas the virulence of
M. anisopliae reached 100 % in a longer period (18 days). Mortality in the control group
constituted 6.32 + 1.21 % during the study period.

100 -

80 -

Mortality, %
B @
o o

(o]
o
L

o

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18

Days
—= Control  —a—g passiana ——M. anisopliae

Fig. 1. Mortality of Bupalus piniaria larvae caused by Beauveria bassiana DPK-02-d and Metarhizium anisopliae
DPK-06-d conidial suspensions (concentration 1 x 10% conidia mL™), + standard error. The control group was

sprayed with sterile distilled water. N = 90.

1 pav. Beauveria bassiana DPK-02-d ir Metarhizium anisopliae DPK-06-d konidijy suspensijy (koncentracija 1 x
10® konidijy mL™) sukeltas Bupalus piniaria viksry mirtingumas, + standartiné paklaida. Kontroliné grupé purksta
steriliu distiliuotu vandeniu. N = 90.

The results obtained allow to infer that B. bassiana and M. anisopliae can be effective
entomopathogenic fungi for B. piniaria larvae. To estimate pathogenicity of fungus, LTs and
LT100 values (time during which 50 and 100 % mortality of insects is achieved) were calculated.

The LTs of larvae was 8 days if exposed to B. bassiana conidial suspensions, and 11 days if
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exposed to M. anisopliae. The LTygo of larvae exposed to B. bassiana was significantly higher

than that exposed to M. anisopliae (12 against 18 days) (Table 2).

Table 2. LTy mortality of Bupalus piniaria larvae caused by entomopathogenic fungi (1 x 10® conidia mL™

suspensions. * — statistical significance between LT, values (P < 0.05).

2 lentelé. Entomopatogeniniy grybuy sukeltas LTso ir LTy, Bupalus piniaria viksry mirtingumas, paveikus 1 x 10°

konidiju mL™ suspensijomis. * — statistinis patikimumas tarp LT 1o reikimiy (P < 0,05).

Entomopathogenic fungi strains Impact on insects

LTso (days) | LT 100 (days)
Beauveria bassiana DPK-02-d 8.0£1.5 *11.5+£2.0
Metarhizium anisopliae DPK-06-d 10.5£0.5 *18.0+£1.5

Low mortality of B. piniaria larvae was found after treatment with I. farinosa conidial
suspension of (concentration of 1 x 10° conidia mL™). 7 days after the first spraying with I.
farinosa conidial suspension, larvae mortality was 20.01 + 3.42 % and hardly differed from the
mortality of the control group sprayed with sterile distilled water (19.12 + 3.16 %). After 7 days
following the first spraying, the larvae were divided into 2 groups: the larvae of one group were
left for further observation, and other larvae were repeatedly exposed to conidial suspension.
The mortality in the first group was stable and did not change up to the end of the test, whereas
the mortality of larvae of the other group increased up to 56.67 £ 6.62 % and significantly
differed from mortality in the control group and the first group of larvae (P < 0.01, Z = 2.46).
The results obtained allow stating that 1. farinosa is not a sufficiently -effective
entomopathogenic fungus against B. piniaria larvae.

Diprion pini larvae mortality caused by fungi

Beauveria bassiana (DPK-02-d strain) efficiently suppressed the vitality 3rd and 4th instar
larvae of Diprion pini. The death of first larvae was observed on the sixth day from the spraying
with B. bassiana conidial suspension (1 x 10® conidia mL™) (Fig. 2). The highest mortality of
Diprion pini larvae was observed during the first two weeks from the start of spraying. The
mortality of larvae exposed to B. bassiana conidial suspensions settled in 17 days with 85.61 +
3.38 %. The mortality in the control group was 10.03 = 1.42 % in 18 days from the beginning of
spraying. Differences between control and B. bassiana groups were significant (P < 0.002, Z =
3.30).
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Fig. 2. Diprion pini larvae mortality dynamics caused by Beauveria bassiana DPK-02-d conidial suspension (1 x
10® conidia mL™), + standard error. The control group was sprayed with sterile distilled water. Mann—Whitney U
test for independent samples, P < 0.002, n = 60.

2 pav. Diprion pini lervy mirtingumo dinamika, sukelta Beauveria bassiana DPK-02-d konidiju suspensijos
(koncentracija 1 x 10® konidijy mL™), + standartiné paklaida. Kontrolé¢ — purskimas steriliu distiliuotu vandeniu.

Mann-Whitney U testas nepriklausomoms imtims, P < 0,002, n = 60.

Dendrolimus pini larvae mortality caused by fungi

Exposure of 3rd and 4th instar larvae of Dendrolimus pini to B. bassiana conidial
suspensions (1 x 10% conidia mL™) caused death of the first larvae on the third day after
spraying (Fig. 3). The highest mortality was reached in 2 weeks (60.02 + 6.24 %). Later,
mortality stabilised and changed only insignificantly (63.33 + 5.86 %). In the control group
(sprayed with sterile distilled water), the first deaths of larvae were observed only on the 9th day
after the beginning of the experiment. The total control mortality was 2.21 + 0.25 % throughout
the study period. Differences between control and B. bassiana groups were significant (P <
0.001, Z =-4.13).
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Fig. 3. Mortality of 3rd and 4th instar larvae of the Dendrolimus pini exposed to B. bassiana DPK-02-d conidia
suspensions (1 x 10° conidia mL™), + standard error. Mann-Whitney U test for independent samples, P < 0.001,
n=180.

3 pav. B. bassiana DPK-02-d konidijy suspensijomis (koncentracija 1 x 10® konidiju mL™) paveikty treio—ketvirto
tigio Dendrolimus pini vik$ry mirtingumas, + standartiné paklaida. Mann-Whitney U testas nepriklausomoms
imtims, P < 0,001, n=180.

A lower mortality of the pine-tree lappet moth compared with the mortality of the
bordered white moth and common pine sawfly could be due to the larvae cuticle peculiarities
(larvae body is covered with dense hair which can aggravate attachment of spores of
entomopathogenic fungi), improperly chosen larvae instar (L 3-4 instar larvae might not be
sensitive to entomopathogenic fungi) or improperly chosen entomopathogenic fungus.
Therefore, additional tests were carried out, during which different stages of development of
Dendrolimus pini were sprayed with entomopathogenic fungi (B. bassiana and M. anisopliae)
(Fig. 4).
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Fig. 4. Mortality of pre-imago development states of Dendrolimus pini exposed to B. bassiana and M. anisopliae
conidial suspensions (1 x 10° conidia mL™), + standard error. The control group was sprayed with sterile distilled
water. Different letters above columns indicate statistically significant differences in one larvae instar group
(Mann—Whitney U test for independent samples, P < 0.05; n = 810).

4 pav. B. bassiana ir M. anisopliae konidiju suspensijomis (koncentracija 1 x 10® konidijy mL™) paveikty
Dendrolimus pini preimaginio vystymosi stadijy mirtingumas, + standartiné paklaida. Kontroliniai bandiniai purksti
steriliu distiliuotu vandeniu. Skirtingos raidés vir§ stulpeliy Zymi statistiSkai patikimus skirtumus vieno viksry Gigio

grupéje (Mann-Whitney U testas nepriklausomoms imtims, P < 0,05; n = 810).

A higher mortality in all instar groups was caused by B. bassiana: L1-2 — 33.33 + 2.85 %;

L3-4 — 63.33 £ 5.86 %; L5-6 — 35.55 = 3.51 %, whereas insect mortality caused by M.
anisopliae was low. The most sensitive to M. anisopliae were L1-2 larvae (16.47 + 1.78 %
mortality). Sensitivity to M. anisopliae was decreasing with larvae instar growing: L3-4 larvae
mortality was 8.89 + 0.85 %, and L5-6 larvae mortality was 0 %. In the control group, low
mortality of insects was observed only in L1-2 and L3-4 larvae groups (6.67 £ 0.62 and 2.21 +
0.25 %, respectively). The results obtained allow stating that all instars of Dendrolimus pini
larvae were most sensitive to B. bassiana conidial suspensions.
Dependence of the effect of entomopathogenic fungi on pre-imago stage of development,
exemplified by Dendrolimus pini

Only B. bassiana was found to be effectively suffocating egg vitality and causing 37.37
+ 3.74 % mortality (Z = -2.75, P = 0.006) (Fig. 5 A), whereas mortality in the control and M.
anisopliae egg groups was not high — the part of unhatched eggs was 22.23 + 5.33 % and 19.33
+ 5.69 %, respectively.

Sensitivity of larvae that hatched from survived (viable) eggs to entomopathogenic
fungi was further observed (hatching larvae were not additionally sprayed with fungi
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suspensions) (Fig. 5 B). In the control group, the mortality of newly hatched larvae was 1.43 +
0.13 %, whereas the mortality of hatched larvae in B. bassiana and M. anisopliae groups was
91.06 + 6.02 % and 100 %, respectively.
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Fig. 5. A) Sensitivity (mortality rate) of Dendrolimus pini eggs (n = 270) to B. bassiana and M. anisopliae conidial
suspensions (1 x 10® conidia mL™). The control group was sprayed with still distilled ware. B) Sensitivity
(mortality rate) of hatched larvae. Different letters above columns indicate statistically significant differences
(Mann — Whitney U test for independent samples, P < 0.05).

5 pav. Dendrolimus pini: A) kiauSinéliy (n = 270) jautrumas (per mirtinguma) B. bassiana ir M. anisopliae konidijy
suspensijoms (koncentracija 1 x 10® konidiju mL™). Kontroliniai bandiniai purksti steriliu distiliuotu vandeniu; B)
ISsiritusiy vik$ry jautrumas (per mirtinguma). Skirtingos raidés vir§ stulpeliy Zymi statistiskai patikimus skirtumus

(Mann-Whitney U testas nepriklausomoms imtims, P < 0,05).

Entomopathogenic fungi can infect every insect development stage, including eggs
(Hajek, St. Leger, 1994). According to some authors (Gopalakrishanan, Narrayanan, 1989),
eggs, compared with other insect development stages, are the lease sensitive to
entomopathogenic fungi, whereas other (Lezama-Gutierrez et al., 1996; Anand, Tiwary, 2009)
say that eggs are very sensitive to entomopathogenic fungi. The results of the present research
show that the mortality of eggs exposed to entomopathogenic fungi, though significantly
different from the mortality in the control group, was low and constituted 37.37 + 3.74 %
(mortality caused by B. bassiana). Such rather low effect by fungi could be due to a wax layer
covering the egg and/or chemical peculiarities of a chorion (egg shell).
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Insect—fungus interaction

Plodia interpunctella ability to recognise fungus-infected substrate
Plodia interpunctella egg-laying on uninfected and Aspergillus flavus-infected
substrates

Based on literature data, a grain contaminant Aspergillus flavus Link: Fries (MUCL
11945), which is pathogenic to insects, animals and humans and which is spreading out in
storehouses, was chosen as an object of this stage of investigation (Lugauskas, 2006;
Mankeviciené et al., 2006).

In control tests, a female of Plodia interpunctella could choose for egg-laying a control
plate with sterile grain or an empty plate (without substrate). In 3 days it was found that
significantly more females (t = 5.97, P < 0.001) were choosing a control plate with sterile wheat
grain (79.27 £ 4.91 %) than an empty one (20.73 + 4.43 %) (Fig. 6 A). When P. interpunctella
had an option to chose between sterile grain (control) and grain infected with A. flavus (1 x 10’
conidia mL™), statistically significantly more females were laying eggs on sterile grain (62.45 +
4.43 %) than on grain infected with pathogenic fungi (37.55 + 4.43 %, t = 2.82, P = 0.008) (Fig.
6 B).
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Fig. 6. P. interpunctella egg-laying test (percentage of eggs laid, = standard error): (A) control — sterile wheat grain,
ambient air — plate without substrate (n = 30); (B) control — sterile wheat grain, A. flavus — wheat grain infected
with A. flavus conidial suspension (1 x 10" conidia mL™, n = 35). Different letters above columns indicate

significant differences (t — test for dependent samples, P < 0.01).

6 pav. Plodia interpunctella kiausinéliy déjimo testas (vidutiné sudéty kiausinéliy dalis procentas, + standartiné
paklaida). A) kontrolé — sterillis kvie¢iy griidai; oras — l€kstelé be substrato (n = 30); B) kontrolé — sterilas kvie¢iy
gridai, A. flavus — kvie&iy griidai paveikti Aspergillus flavus konidijy suspensija (1 x 10’ konidijy mL?, n = 35).

Skirtingos raidés vir§ stulpeliu zymi patikimus skirtumus (t — testas priklausomoms imtims, P < 0,01).
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As to the dynamics of egg-laying, the number of eggs in the control and A. flavus plates was
nearly the same, and no statistically significant differences were observed during the first two
days (P > 0.05) (Fig. 7 A). On the third day from the beginning of the test, the total number of
eggs laid in the control (62.45 + 4.43 %) was statistically significantly higher than the number of
eggs laid on the substrate infected with A. flavus (37.55 +4.43 %; t = 2.82, P = 0.008).

Eggs were laid either directly on the substrate (grain) or near the substrate (on the bottom,
walls or lid of the box). P. interpunctella females significantly more eggs were laying directly
on the substrate (Fig. 7 B): percentage of eggs laid in the control and on the substrate infected
with A. flavus constituted 14.43 + 3.67 % and 4.66 + 1.47 %, respectively (t = 2.62, P = 0.013),
on the first day, and 20.20 £+ 3.76 % and 6.35 + 1.63 %, respectively (t = 3.66, P = 0.0008), on
the second day; whereas on the third day, the difference in percentage of eggs laid in the control
and on the substrate infected with A flavus increased: 45.43 + 5.18 % against 7.65 £ 1.75 %,
respectively (t = 7.02, P <0.0001).

The number of eggs laid near the substrate was greater in case of the substrate infected
with A. flavus (Fig. 7 C): percentage of eggs laid in the control and on the substrate infected
with A. flavus was 6.11 + 1.84 % and 15.58 + 3.96%, respectively (t = -2.24, P = 0.032), on the
first day; 8.11 = 1.91 % and 20.72 + 4.09 %, respectively (t = -2.98, P = 0.005), on the second
day; and 17.67 + 3.91 % and 29.81 + 4.32 %, respectively, on the third day, yet without
statistically significant differences between the groups (t = 1.99, P = 0,054).
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Fig. 7. Egg-laying dynamics on uninfected common wheat grain and common wheat grain infected with A. flavus, +
standard error: (A) total percentage of eggs laid, (B) percentage of eggs laid directly on the substrate, (C)
percentage of eggs laid near the substrate T — test for dependent samples, * — P < 0.05; ** — P < 0.001.

7 pav. Kiausinéliy déjimo dinamika ant neuzkrésty ir grybu Aspergillus flavus uzkrésty paprastojo kvie¢io grudy, +
standartiné paklaida: A) bendras sudéty kiausinéliy procentas; B) tiesiai ant substrato sudéty kiausinéliy procentas;
C) erdvéje (3alia substrato) sudéty kiausinéliy procentas. T — testas priklausomoms imtims, * — P < 0,05; ** — P <
0,001.
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The results obtained demonstrate that mated P. interpunctella females were choosing for
egg-laying the uninfected substrate only on the third day after infection with fungi. During the
three-day period, fungi biomass increased to such extend that the substrate became unfavourable
for insects.

Plodia interpunctella olfactory responses to uninfected substrate and Aspergillus
flavus-infected substrate

To find out which volatile compounds can help P. interpunctella recognise uninfected and
fungus-infected substrates, SPME, GC-EAD and GC-MS methods were used.

P. interpunctella female antenna receptors were found to react to 4 volatile secondary
metabolites produced by uninfected grain (Fig. 8).
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Fig. 8. P. interpunctella female antenna DC-EAD responses to volatile compounds produced by the common wheat
Triticum aestivum. Digits indicate compounds evoking a permanent response of P. interpunctella antennae: 1 — 1-
hexanol, 2 — nonanal, 3 — phenylacetaldehyde, 4 — 4-oxoisophorone.

8 pav. Plodia interpunctella pateliy anteny DC-EAD atsakai i paprastojo kviecio (Triticum aestivum) grady
skleidziamus lakiuosius komponentus. Skai¢iai Zymi junginius, sukélusius pastovy P. interpunctella anteny atsaka:

1 — 1-heksanolis, 2 — nonanalis, 3 — fenilacetaldehidas, 4 — 4-oksoizoforonas.

Upon comparison of EAD-active component retention indexes and mass spectra with
those stored in a mass spectra database (NIST08) and with the retention time of authentic
synthetic standards, the following compounds were identified: 1-hexanol, nonanal,

phenylacetaldehyde and 4-oxoisophorone (Fig. 9).
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Fig. 9. Mass spectra of EAD-active volatile compounds (evoking P. interpunctella antenna receptor responses)
produced by the common wheat Triticum aestivum: 1 — 1-hexanol, 2 — nonanal, 3 — phenylacetaldehyde, 4 — 4-
oxoisophorone.

9 pav. EAD aktyviy (vabzdziui Plodia interpunctella anteny receptoriy reakcijas sukelianéiy) paprastojo kvie¢io
(Triticum aestivum) grady skleidziamy lakiyjy komponenty masiy spektrai: 1 — 1-heksanolis, 2 — nonanalis, 3 —
fenilacetaldehidas, 4 — 4-oksoizoforonas.

Investigation of volatile secondary metabolites produced by the substrate infected with A.
flavus revealed that in all cases only one component evoked repeating responses of P.
interpunctella female antenna receptors (Fig. 10). The compound was identified as 3-methyl-1-
butanol (Fig. 11).
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Fig. 10. P. interpunctella female antenna DC-EAD responses to volatile substances produced by grain infected with
Aspergillus flavus; MeC40H — 3-methyl-1-butanol.

10 pav. Plodia interpunctella pateliy anteny DC-EAD atsakai { Aspergillus flavus uzkrésty griidy skleidziamas
lakigsias medziagas; MeC4OH — 3-metil-1-butanolis.
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Fig. 11. Mass spectrum of 3-methyl-1-butanol.
11 pav. 3-Metil-1-butanolio masiy spektras.

It might be presumed that this component could be one of the compounds relying on
which insects recognise grain infected with fungi.

Dynamics of a volatile component produced by fungus-infected substrate

On the third day after infection with A. flavus conidial suspension (1 x 10’ conidia mL™),
3-methyl-1-butanol constituted 0.15 + 0.04 pg/g of the substrate in the grain headspace. On the
fifth day after grain infection with the fungus, the amount of 3-methyl-1-butanol in the emission
of volatile secondary metabolites increased significantly up to 16.62 = 1.41 pg/g of the substrate
and persisted until the tenth day after infection (16.50 + 0.76 pg/g of the substrate).

In fungi-infected grain, abundance of volatiles which could signal about a substrate
suitable for egg-laying by P. interpunctella females was decreasing, and the volatiles (such as 3-
methyl-1-butanol) which could signal about unsuitable substrates appeared.

Plodia interpunctella behavioural and olfactory receptor responses to fungus-infected
substrate
Comparative analysis of Plodia interpunctella olfactory sensitivity to
biologically active substances

The EAG method was used to test the effect of different doses of separate volatile
compounds of the common wheat collected from air on olfactory receptors of P. interpunctella
(Fig. 12). All amplitudes of EAG responses to different doses of 1-hexanol, phenylacetaldehyde
and 4-oxoisophorone statistically significantly differed from the control (hexane). The threshold
dose invoking significant (t — test, P < 0.05) EAG responses was 1 pg for all these volatiles of
uninfected grain. Only the EAG mean amplitude invoked by nonanal statistically significantly
differed from the EAG mean amplitude invoked by a control stimulus in case of higher doses,
i.e. of 100 and 1000 pg, and constituted 0.046 + 0.004 mV (t = 2.63, P = 0.016) and 0.069 +
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0.009 mV (t = 6.52, P < 0.0001), respectively. The greatest antenna responses were invoked by
a 1000 pg 1-hexanol dose (0.16 = 0.013 mV).
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Fig. 12. P. interpunctella mean EAG responses (+ standard error) to different doses of active components: 1-
hexanol, nonanal, phenylacetaldehyde, 4-oxoisophorone. Different letters above columns indicate statistically

significant differences (t — test for dependent samples, P < 0.05).

12 pav. Plodia interpunctella vidutinés EAG reakcijos (+ standartiné paklaida) i skirtingas aktyviy komponenty
dozes: 1-heksanolis, nonanalis, fenilacetaldehidas, 4-oksoizoforonas. Skirtingos raidés vir§ stulpeliy zymi

statistiskai patikimus skirtumus (t — testas priklausomoms imtims, P < 0,05).

As to P. interpunctella female antenna responses to different doses of 3-methyl-1-butanol
(Fig. 13), the mean amplitude of responses caused by 1 pg was 0.028 + 0.005 mV and
significantly differed from the control (0.021 + 0.005 mV; t = 2.83, P = 0.011). The total EAG
response caused by a 10 pg dose (0.037 £ 0.006 mV) significantly differed from the control
(hexane) (t = 6.19, P < 0.0001). The greatest antenna responses caused by 100 and 1000 pg 3-
methyl-1-butanol doses also significantly differed from the control: a 100 ug mean response
amplitude was 0.053 £ 0.007 mV (t = 7.68, P < 0.0001), and a 1000 pg mean response
amplitude was 0.081 = 0.008 mV (t=9.75, P < 0.0001).
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Fig. 13. EAG responses of P. interpunctella to different doses of 3-methyl-1-butanol. Different letters above

columns indicate statistically significant differences (t — test for dependent samples, + standard error, P < 0.05).

13 pav. P. interpunctella EAG reakcijos i skirtingas biologi$kai aktyvaus komponento 3-metil-1-butanolio dozes.
Skirtingos raidés vir§ stulpeliy zymi statistiSkai patikimus skirtumus (t — testas priklausomoms imtims, =+

standartiné paklaida, P < 0,05).

Attractant activity of the synthetic compounds in mated females
Two-choice (pitfall) olfactometers test were used (Uechi et al., 2007). At low doses 1-
hexanol (0.1 and 1 pg) and nonanal (at a 0.1 pg dose) were attractive to insects.
Phenylacetaldehyde was not attractive to females and, compared with the control, did not make
any significant differences in either dose (G — test, P > 0.05). All tested doses of 4-
oxoisophorone significantly differed from the control, though activity appeared to be repellent
rather than attractant, i.e. females statistically significantly more often were choosing hexane

(Fig. 14).
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Fig. 14. Measurement of biological activity of EAG-active substances produced by uninfected grain to mated P.
interpunctella females by using a two-choice olfactometre.* - Asteriks refer to signifcance level according to
replicated G-tests: * P<0.05, ** P<0.001.

14 pav. Nepazeisty griidy skleidziamy EAG aktyviy medziagy biologinio aktyvumo P. interpunctella apvaisintoms
pateléms vertinimas dviejy pasirinkimy olfaktometru. * — Zzvaigzdutés Zymi statistiskai patikimus skirtumus (G-

testas, * P < 0,05, ** P < 0.001).

The results obtained show that 1-hexanol was the most attractive to mated P.
interpunctella females, 1-hexanol and nonanal were regarded as green leaf components (Ruther
et al., 2002; Uechi et al., 2007). It is known that nonanal is an attractant for egg-laying to P.
interpunctella, to a related storehouse pest Ephestia cautella (Walker) (Lepidoptera: Pyralidae)
and to many other moth species (Uechi et al., 2007, Olsson et al., 2005). Investigations by
Uechi et al. (2007) demonstrated that nonanal was attractive to mated P. interpunctella females
only if used in low doses of 0.1 and 0.01 ug. 1-Hexanol was not known as an attractant to moths
(Lepidoptera); however, attractiveness of the substance was described to several insect species
from Coleoptera (Ruther et al., 2002; Matsumoto, 1962), Diptera (Cruz-Lopez et al., 2006) and

Homoptera (Mu et al., 2012) orders.
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Phenylacetaldehyde and 4-oxoisophorone are referred to as floral volatile compounds (de
Vega et al., 2014, Olsson et al., 2005), because these substances are abundantly detected when
plants are blossoming. Both substances are known as attractants for insects visiting flowers.
However, in the present investigation phenylacetaldehyde (in doses of 0.1-100 pg) was not
found to be attractive to P. interpunctella females, which allows assuming that this substance
might be attractive in lower doses, whereas 4-oxoisophoron was repellent to pests. There are no
literature data on attractiveness of this substance to P. interpunctella.

While testing attractiveness of 3-methyl-1-butanol to mated P. interpunctella females it
was found that the highest (100 pg) dose repelled insects and they significantly more often were
preferred hexane (control) (G = 4.94, P = 0.026) (Fig. 15). A 10 pg dose did not differ from the
control (G = 0.037, P = 0.847). With the dose of the test substance decreasing, its attractiveness

to insects was increasing. 1 and 0.1 pg doses were chosen significantly more often that the

control.
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Fig. 15. Attractiveness of a biologically active component 3-methyl-1-butanol produced by Aspergillus flavus-
infected grain to test insects. * - Asterisks refer to significance level according to replicated G-tests (* P < 0.05, **
P <0.001).

15 pav. Aspergillus flavus pazeisty gridu skleidziamo biologiskai aktyvaus komponento 3-metil-1-butanolio
patrauklumas tiriamiesiems vabzdZiams. * — Zvaigzdutés Zymi statistiS§kai patikimus skirtumus (G-testas, * P <

0,05, ** P < 0,001).

3-Methyl-1-butanol is known as a volatile component produced by A. flavus (Kaminski et
al., 1972; Tuma et al., 1989; Sunesson et al., 1995). However, attractiveness of this volatile
compound to P. interpunctella females (and other moths) has not been studied so far. 3-Methyl-
1-butanol might be an important marker in recognising infected grain and/or their products by

suing electrophysiological responses of insect antennae receptors as a biosensor.
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CONCLUSIONS:

1. A complex of 15 fungus species was identified in cadavers of a Bordered white moth
Bupalus piniaria (Lepidoptera) larvae collected in a natural population, of which 10 were
entomopathogenic fungi; the most abundant species were Lecanicillium psalliotae (34.61%)
and Fusarium solani (24.33 %); Shannon—Wiener diversity index H" = 1.98.

2. Mortality of larvae exposed to fungi was found to depend on the species of the defoliating
insect: Bupalus piniaria larvae were the most sensitive (the highest mortality during the
shortest time period was detected after infection of 3rd and 4th instar larvae with conidial
suspension of 10® mL™ concentration) to Beauveria bassiana (100% mortality in 12 days)
and Metarhizium anisopliae (100 % mortality in 18 days). The mortality of Diprion pini
larvae caused by B. bassiana was 85.61 + 3.38 % in 18 days. Dendrolimus pini larvae were
the least sensitive to fungi: 63.33 = 5.86 % mortality caused by B. bassiana and 8.89 + 0.85
% mortality caused by M. anisopliae in 18 days.

3. Sensitivity to entomopathogenic fungi was found to depend on insect development stage: in
the egg stage, the highest mortality of Dendrolimus pini was caused by Beauveria bassiana
(37.37 £ 3.74% of eggs and 91.06 + 6.02% of larvae hatched from survived eggs) and by
Metarhizium anisopliae (19.33 + 5.69 % of eggs and 100% of larvae hatched from survived
eggs); in the larvae stage, the highest mortality was caused by B. bassiana (L1-2 — 33.33 +
2.85 %, L3-4 — 63.33 £ 5.86 %, L5-6 — 35.55 + 3.51 %), and the lowest by M. anisopliae
(L1-2—-16.47 +1.78 %, L3-4 — 8.89 + 0.85 %, L.5-6 — 0 %).

4. Plodia interpunctella (Lepidoptera) females recognise fungus-infected substrates: in case a
choice, statistically significantly more eggs were laid on an uninfected substrate (62.45 +
4.43 %) than on a fungus-infected substrate 37.55 +4.43 % (t = 2.82, P = 0.008).

5. Plodia interpunctella females perceive odour 4 volatile compounds (1-hexanol, nonanal,
phenylacetaldehyde and 4-oxoisophorone) in a substrate suitable for egg-laying and 3-
methyl-1-butanol in a fungus-infected substrate. According to changes in volatile
compounds, P. interpunctella females could distinguish between suitable and unsuitable
(fungus-infected) substrates for egg-laying.

6. Behavioural response of mated Plodia interpunctella females’ to volatile compounds
differed: 1-hexanol (1 and 0.1 pg), nonanal (0.1 pg) and low (1 and 0.1 pg) doses of 3-
methyl-1-butanol were attractive, however high (100 pg) doses of 3-methyl-1-butanol were
repellent. 3-methyl-1-butanol could be an important marker in recognising fungi in the

substrates.
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[VADAS

Darbo aktualumas.

Drugiai ir pléviasparniai — pagrindiniai spygliuo€iy kenke¢jai, galintys sukelti masinio
dauginimosi zidinius ir tokiu biidu defoliuoti medzius (Ziogas, 1997; Dahlsten, Mills, 1999;
Belova et al., 2000). Gamtinémis salygomis Siy vabzdziy gausuma reguliuoja ju specifinis
parazitoidy kompleksas bei vabzdziais mintantys gyvinai. Taciau susidarius palankioms
aplinkos salygoms kenkéjams vystytis ir/ar sutrikus parazitoidy ritimosi sinchronisSkumui — gali
susidaryti spyglius grauzianciy kenkéjy masinio dauginimosi ir paplitimo zidiniai. Medynuose
jie gali issilaikyti 4-7 metus (Ziogas, 1997; Ciesla, 2004), taip medziai netenka pricaugio
(Straw, 1996; Straw et al., 2002; Gedminas et al., 2004), nusilpsta, juos daZniau puola kamieny
kenkéjai ir ligos (Cedervind et al., 2003; Lynikiené et al., 2004a).

Tokiems zidiniams neutralizuoti dazniausiai naudojami cheminiai insekticidai, pavyzdziui,
sintetiniai piretroidai: etafenproksas, diflubenzuronas, teflubenzuronas, z-cipermetrinas ir kt.
(Sierpinska, 1998; Woreta, Malinowski, 1998). Pastaraisiais deSimtmeciais ju naudojimas vis
grieztinamas atsizvelgiant i neigiama poveiki aplinkai, joje gyvenantiems gyviesiems
organizmams, pavyzdziui, placiai naudojami cipermetrinai yra labai toksiSki vandens
vabzdZziams, bitéms, Zuvims bei Zmogaus sveikatai (Cox, 1996). Viena i§ alternatyvy
cheminiams insekticidams — biologiniai preparatai. Jie kuriami pirmuoniy, bakulovirusy,
bakteriju, nematody ir entomopatogeniniy grybu pagrindu. Pasaulyje placiai naudojami bakterijuy
Bacillus thuringiensis (Bt) pagrindu sukurti ir registruoti biologiniai insekticidai. Jie patvirtinti ir
naudojami ES. Kovai su spygliais mintan¢iais vabzdziais §ie preparatai pasitelkti: Lenkijoje
(Glowacka, 1996; Sierpinska, 1998, Augustyniuk-Kram, 2011), Svedijoje (Lindelow, 1997),
Pranciizijoje (Augustyniuk-Kram, Kram, 2012), Lietuvoje (Lynikiené et al., 2004b; Alenikovas,
Gedminas, 2010). Sie preparatai naudojami tik esant palankioms aplinkos salygoms: purskiami
tik diena, bent 1-2 paras po preparato panaudojimo neturi lyti (antraip preparatas bus nuplautas)
ir pan. Be to Bt preparatai veikia tik per zarnyna, todél zina tik aktyviai besimaitinantys
kenkéjai.

Kaip viena 1i§ alternatyvy apsaugai nuo puSis galiniy defoliuoti vabzdziy -
entomopatogeniniuy grybuy pagrindu pagaminti preparatai. Ju gamyba ir naudojimas pasaulyje
tampa paklausesni (Sihag, 2011), nes yra nebrangilis, atsparesni nepalankiems aplinkos
veiksniams (lietui, UV spinduliuotei, temperatiirai), be to patogeniniai mikromicetai gali pazeisti
visas vabzdzio vystymosi stadijas (net ir tas, kurios nesimaitina). Deja, Siai dienai néra

registruotas nei vienas preparatas spygliais mintanciy drugiy ir pléviasparniy populiacijoms
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regulivoti. Viena to priezas¢iy — kad literatiiroje néra iSsamiy tyrimy, aprasanciy
entomopatogeniniy gryby saveikas su puSiniu spridziumi Bupalus piniaria, puSiniu verpiku
Dendrolimus pini ir paprastuoju pusiniu pjukleliu Diprion pini. Netirtas ir $iy vabzdziy
jautrumas patogeniskiems mikromicetams.

Tyrimy rezultatai svarbiis ne tik fundamentiniy ziniy, bet ir taikomaja prasme, t. y. kuriant
ir taikant kovos priemones Siy kenkéjuy gausumui ir plitimui regulivoti, sumazinti daroma zala

miSo ekosistemoms.

Darbo tikslas — nustatyti entomopatogeniniy grybuy ivairovg spyglius grauzianciy vabzdziy

gamtinéje populiacijoje ir $iu vabzdziy jautruma entomopatogeniniams grybams, o taip pat

vabzdZziy gebé¢jima atpazinti grybais uzkrésta substrata (modeliniy riiSiy i§ Hymenoptera ir

Lepidoptera biriy pavyzdziu).

Darbo uzdaviniai:

Tiriant saveika grybas — vabzdys

1. Isskirti ir identifikuoti puSinio sprindZiaus (Bupalus piniaria, Lepidoptera) gamtinéje

populiacijoje sutinkamus entomopatogeninius grybus, jvertinti jy jvairove.

2. lvertinti spyglius grauzian¢iy vabzdziy puSinio sprindziaus (Bupalus piniaria), pusinio

verpiko (Dendrolimus pini, Lepidoptera) ir paprastojo pusinio pjuklelio (Diprion pini,

Hymenoptera) jautruma entomopatogeniniams grybams.

Tiriant saveika vabzdys — grybas

3. Nustatyti vabzdziy gebéjima atpazinti grybais uzkrésta substrata remiantis pietinio ugniuko

(Plodia interpunctella, Lepidoptera) tyrimais: jvertinti elgesines ir uoslés receptoriy reakcijas {

uzkrata, i8skirti ir identifikuoti lakius junginius, pagal kuriuos vabzdys galéty skirti substrata be

grybuy ir su jais; ivertinti i§skirty ir identifikuoty junginiy sintetiniy analogy biologini aktyvuma.

Darbo mokslinis naujumas

v' Pirma karta i§ puSinio sprindziaus (Bupalus piniaria) viksry isskirti ir identifikuoti
entomopatogeniniai grybai, {vertinta jy {vairove;

v Pirma karta istirtas entomopatogeny poveikis spyglius grauziantiems vabzdziams Bupalus
piniaria, Dendrolimus pini ir Diprion pini, jy lervinéms stadijoms;

v Pirma karta iStirtas Dendrolimus pini jautrumas entomopatogeniniams grybams preimaginio
vystymosi metu;

v' Pirma karta nustatyta, kad Plodia interpunctella chemoreceptoriai reaguoja | 4-

oksoizoforong ir 3-metil-1-butanolj;
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v' Pirma Kkartag nustatytas 4-oksoizoforono ir 3-metil-1-butanolio poveikis apvaisintoms P.
interpunctella pateléms: pirmasis junginys veikia kaip repelentas, o antrasis — kaip
repelentas (didelémis dozémis) ir kaip atraktantas (mazomis dozémis);

v Pirma karta parodyta, kad 3-metil-1-butanolis yra markeris, pagal kuri galima atpaZinti
grybu uzterStus substratus.

Moksliné ir praktiné darbo reikSmé

Darbo rezultatai suteikia nauju ziniy apie saveikas tarp vabzdziy ir grybu. Gauti tyrimy
rezultatai gali buti taikomi:
v" kuriant biologines apsaugos priemones nuo spygliais mintanéiy vabzdZziy;
v’ parenkant tinkamiausia laika biopreparaty naudojimui;
v’ biomarkeriy kiirime;
v' elektrofiziologiniams vabzdZiy uoslés receptoriy tyrimams.

Ginamieji teiginiai:

1. I§ gamtoje Zuvusiy Bupalus piniaria viksry gali buti iSskirtas ne mazesnis nei 15

kultivuojamy mikromicety riisiy kompleksas.

2. Spyglius grauzianCiy vabzdziy jautrumas entomopatogeniniams grybams priklauso nuo

vabzdzio rusies ir vystymosi stadijos.

3. Plodia interpunctella patelés kiausinéliams déti renkasi grybais neuzkrésta substrata.

4. Pagal substrato lakius organinius junginius galima atskirti grybais neuzkrésta ir uzkrésta

substratus.

Darbo aprobavimas ir publikacijos

Disertacijos medziaga buvo pristatyta 28-oje tarptautinéje Entomologijos draugijos
konferencijoje (BirStonas, 2010), 2-oje jaunyju mokslininky konferencijoje ,,JJaunieji
mokslininkai — zemés tikio pazangai (Vilnius, 2013), 30-oje tarptautinéje Cheminés ekologijos
draugijos konferencijoje (Urbana-Champaign, Illinois, JAV, 2014); 31-oje tarptautinéje

Cheminés ekologijos draugijos konferencijoje (Stokholmas, Svedija, 2015). Tyrimy rezultatai

paskelbti septyniose publikacijose: trijuose moksliniuose straipsniuose bei keturiose

konferenciju tezése.
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Darbo struktura

Disertacijos rankraSti sudaro Sie skyriai: [vadas, Literatiros apzvalga, Tyrimuy medziaga ir
metodai, Tyrimy rezultatai (skyrius susideda 1§ 2 poskyriy) ir ju aptarimas, ISvados, 280
literatiiros $altiniy sarasas, autoriaus moksliniy publikacijuy saraSas, Priedai. Disertacijos apimtis
— 109 puslapiy, 11 lenteliy ir 31 paveikslo. Disertacija parasyta lietuviy kalba, o disertacijos

santrauka — angly kalba.

Padékos
Nuosirdziai dékoju mokslinio darbo vadovui prof. habil. dr. Vincui Budai uz visokeriopa

pagalba ir patarimus ruoSiant disertacijos rankrasSti. Taip pat dékoju dr. Dalei Peciulytei uz
pagalba planuojant ir atliekant tyrimus, uz kantrybg ir nebléstancia energija. Esu dékinga visam
Cheminés ekologijos ir elgsenos laboratorijos mokslininky kolektyvui uz pagalba isisavinant
naujus metodus, uz vertingus patarimus bei puikia atmosfera darbe. Esu dékinga dr. Pauliui
Zolubui uz pagalba iveisiant prading pusinio verpiko kultira. Dékoju Gamtos tyrimy Atviros
prieigos centrui uz galimybg naudotis centre esanéia aparatira. Taip pat dékoju Lietuvos
Valstybiniam Mokslo ir studiju fondui uZ suteikta stipendija, bei Vilniaus Universiteto
Ekologijos institutui uz suteikta galimybe studijuoti doktorantiiroje.

Nuosirdziai dékoju visiems draugams ir artimiesiems, kurie visa laika nuoSirdziai
domejosi mano darbu. Acii visiems palaikiusiems sunkiausia gyvenimo akimirka...

In Memoriam Mater...

LITERATUROS APZVALGA

Siame skyriuje apzvelgiami pagrindiniai entomopatogeniniy gryby (toliau EPG)
vystymosi ir ekologijos bruoZzai, aptariamos saveikos su vabzdZiais. Taip pat apZvelgiama ir
tiriamyjy vabzdziy (Bupalus piniaria, Diprion pini, Dendrolimus pini ir Plodia interpunctella)

pagrindiniai morfologijos ir biologijos bruozai.

TYRIMU MEDZIAGA IR METODAI

Vabzdziai. Spygliais mintantys vabzdziai: puSinis sprindzius — Bupalus piniaria L.
(Lepidoptera: Geometridae), puSinis verpikas — Dendrolimus pini L. (Lepidoptera:
Lasiocampidae), paprastasis pusinis pjuklelis — Diprion pini L. (Hymenoptera: Diprionidae).

Modeliné raSis — sandéliu kenkéjas, pietinis ugniukas — Plodia interpunctella (Hiibner)
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(Lepidoptera: Pyralidae). Vabzdziai auginti laboratorinémis salygomis: vabzdziy auginimo
kamerose (PLAS LAB, INC, JAV) 20-25 °C temperatiiroje, esant 75 = 10 % santykiniam oro
drégniui, 16D:8N fotoperiodui.
Entomopatogeniniai  grybai. Gryby poveikio  vabzdziams tyrimams  naudotos
entomopatogeniniy gryby kultiiros: Beauveria bassiana (Bals.) Vuill. (DPK-02-d), Metarhizium
anisopliae (Metschnikov) Sorokin (DPK-06-d), Isaria farinosa (Holmsk.) Fr. (DPK-06-f-11),
Lecanicillium psalliotae (Treschew) Zare & W. Gams (DPK-08-v-6), Fusarium solani (Mart.)
Sacc. (DPK-08-f-5) i§ Gamtos tyrimy centro Botanikos instituto Biodestruktoriy tyrimo
laboratorijos Mikroorganizmy kultiiry kolekcijos. Tiriant ar vabzdys atpazista grybais uzkrésta
mitybinj substrata naudota mikromicety kultiira — Aspergillus flavus Link: Fries (MUCL 11945)
buvo jsigyta i§ Belgijos mikroorganizmy kolekcijos (Belgian Coordinated Collection of
Microorganisms — BCCM).
Substratas. Plodia interpunctella biotestuose kaip substratas naudoti paprastyjy zieminiy
kviec¢iy (Triticum aestivum L.; veislé — ,,Zenta*) grudai.
Mikromicety iSskyrimas ir identifikavimas

I$ gamtinése populiacijose surinkty negyvy B. piniaria viksry buvo isskirtas, uzaugintas ir
identifikuotas mikromicety (toliau vartojamas terminas ,,grybai‘) kompleksas. Vabzdzio kiino
pavirsius sterilizuotas 1 min. 5 % natrio hipochlorito (NaOCI) tirpale, 2 min. 75 % etanolyje,
toliau skalautas steriliame distiliuotame vandenyje ir paliktas i8dziditi (48 val.). Po i8dZitivimo
kiekvienas vikSras buvo perkeliamas | atskiras Petri 1¢ksteles ir laikomas 25 + 2 °C,esant 75+ 5
% santykiniam oro drégniui. Prasidéjus vizualiai pastebimam grybo vystymuisi, skirtingos
morfologijos grybo micelis buvo perkeltas ant keliy selektyviy agarizuoty terpiy: saburo-
dekstrozés, bulviy-dekstrozes, salyklo ekstrakto 2 % ir Capeko agaro (Liofilchem, Italija).
Uzsétos kultiiros buvo inkubuojamos 5—7 paras 26-28 °C temperatiiroje. ISgrynintos iki
monokultiros mikromicety kolonijos identifikuotos Sviesinés mikroskopijos metodu pagal
morfologinius kolonijos bei sporuliacijos struktiiry pozymius (Samson 1974; Fisher et al., 1982;
Nelson et al., 1983; Kiffer et al., 1997; Sung et al., 2001; Domsch et al., 2007).
Entomopatogeniniy gryby kultiiry konidijy suspensijy ruoSimas

Konidijoms nuplauti nuo orinio micelio, ant mitybinés terpés Petri 1¢kSteléje iSauginta
entomopatogeno kultira buvo uzpilta 20 mL sterilaus vandens su 0,01 % Tween 80 tirpalu
(Sigma, JAV). Procediira buvo pakartota kelis kartus surenkant nuplautas konidijas | bendra
suspensija. Konidijy skaifius nustatytas naudojant hemocitometra. Biotestavimo tyrimui
suspensija skiedziama iki 10® konidijy mL™ koncentracijos (pagal Freimoser et al., 2003;

Zimmermann, 2008).
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Biotestas

Testuoti skirtingy rasiy vabzdziai lervos (Bupalus piniaria, Diprion pini, Dendrolimus
pini) ir kiauSinélio (Dendrolimus pini) stadijoje. EPG konidiju supensija biotestuose buvo
uzpurskiama tiesiogiai ant individy su mitybiniu substratu. Biotestavimui vabzdziy lervos
laikytos stikliniuose induose (3 L talpos eksikatoriai) ir maitinti paprastosios pusies (Pinus
sylvestris L.) spygliais, pateikiamais kartu su 10-15 cm Sakelémis. Vabzdziai buvo auginami
klimatinéje vabzdziy auginimo kameroje (PLAS LAB, INC, JAV) esant 20-25 °C temperatural,
75 £ 10 % santykiniam oro drégniui ir 16D:8N fotoperiodui. KiauSinéliai biotesto metu buvo
laikomi Petri 1ékstelése tokiomis pat salygomis kaip ir lervos.

Kiekviena diena (3 savaites) buvo tikrinamas ir registruojamas tiriamyju vabzdziy
mirtingumas. Zuve vabzdziai buvo perkeliami i Petri léksteles su sudrékintu filtriniu popierium
ir inkubuojami 24 °C. Atsiradus micelinio apaugimo pozymiams, grybai pakartotinai
identifikuoti tais pac¢iais metodais (zr. auks¢iau), kad patikrinti naudoto kamieno augima.
Kiausinéliy déjimo testas

Kiausinéliy déjimo elgesio tyrimams naudotos 1-2 dieny amziaus susiporavusios Plodia
interpunctella patelés. Patelés buvo talpinamos | plastikini inda (120 x 100 x 40 mm) su
skaidriu dangteliu. Jo dugne patalpintos dvi Petri 1¢kstelés (@ 35, aukstis 10 mm) 60 mm
atstumu viena nuo kitos, 1 kurias idétas substratas (paprastojo kvie€io griidai) kiauSinéliy
déjimui [ kiekviena dézute buvo ileidZiama po viena patelg ir fiksuojamas kiekvienoje dézutés
pusg¢je bei Petri 1eksteléje sudety kiauSinéliy skaicius.

Prie§ atliekant kiauSinéliy déjimo pasirinkimo bandymus buvo atlikti kontroliniai
bandymai. Jy metu patelé kiauSineliy déjimui galéjo rinktis kontroling pusg su steriliais griidais
arba tuScia pusg be substrato. KiauSinéliy déjimas vertintas po 3 paruy.

Tiriant mikromicety poveiki kiauSiniy d¢jimui, vienoje leéksteléje buvo sterilis kvie€iy
gridai (3 g), o kitoje — griidai apipurksti Aspergillus flavus konidijy suspensija (10" konidijy
mL'l) ir inkubuoti viena para termostate (25 + 2 °C). Kiausinéliy déjimas vertintas po 1, 2 ir 3
pary. Vertinant substrato tinkamuma kiausinéliy déjimui, atsizvelgta { Phillips, Strand (1994) ir
Sambaraju, Phillips (2008) rekomendacijas rezultata teigiamai vertinti jei kiauSineliy skaicius
bandinyje 5 ir daugiau (bandiniai su mazesniu kiausinéliy skai¢iumi i rezultatus nejtraukiami).
Cheminés medZiagos patrauklumo vertinimas dviejy pasirinkimy olfaktometru

Tyrimams naudotas dviejy pasirinkimy olfaktometras. Jis sukonstruotas pagal Uechi et al.
(2007) metodika. Plastikinéje Petri 1¢ksteléje (@ 85 mm, aukstis 20 mm) 55 mm atstumu viena

nuo Kitos padarytos dvi angos (@ 8 mm). Jose jtvirtinti 40 mm ilgio, virSuje 8 mm, apacioje 6
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mm skersmens vamzdeliai. Vamzdeliai istatyti { 10 mL talpos stiklinius buteliukus taip, kad
nesiekty dugno. Buteliuko dugne buvo idétas filtrinis popierélis, ant kurio uznesta 10 uL
skirtingos testuojamy medziagy dozés (0,1; 1; 10 ir 100 pg). Tyrimams naudotos 2-3 dieny
amziaus susiporavusios Plodia interpunctella patelés. Testavimo metu viena patelé, esant 25 + 2
°C temperatiirai, 70 £ 5 % santykinei oro drégmei, visiskoje tamsoje (kad biity i§vengta foto
stimulo) rinkosi viena i§ medziagy. Pasirinkimas vertintas po 1 val.

Lakiyjy komponenty surinkimas Kietafaze mikroekstrakcija (SPME)

Norint suzinoti kokius lakiuosius komponentus isSskiria paprastojo kviecio (Triticum
aestivum) griidai (arba toliau tiriamajame darbe — substratas) uzkrétus juos patogeniniu
mikromicetu Aspergillus flavus (konidijy suspensija — 10" konidijy mL™), buvo atlikta kietafaze
mikroekstrakcija. Bandymui 30 g uzkrésty paprastojo kviecio (Tricium aestivum L.) griidu buvo
auginami 3 paras stiklinéje kaiginéje kolboje (tiiris 70 mL). Taip pat paruosta ir kontroliné
grudy, grupé (purksta distilivotu vandeniu). Lakiy komponenty i$ virSerdvés kietafazé
mikroekstrakcija buvo atlikta strypeliu, padengtu 65 pm storio polidimetilsiloksano-
divinilbenzeno (PDMS-DVB) sluoksniu (Supelco, JAV). Prie§ atlickant kietafaze ekstrakcija,
indas su griidais, uzkréstais Aspergillus flavus, laikomas uzdarytas 60 min., esant pastoviai 40
°C temperatirai ir pastoviam apsvietimui. Kietafazé mikroekstrakcija i§ virSerdvés atliekama 2
val.

Lakiy junginiy surinkimas atliktas nuo mikromicetais uzkrésty gridy, inkubuoty 3 — 7
paras. Surinktas lakiyjy komponenty miSinys buvo naudojamas DC—EAD tyrimuose.

Tiriant mikromicetais uzkrésty kvieCiy griidu (substrato) iSskiriamuy antriniy metabolity
dinamika, SPME vykdyta nuo 1, 3, 5, 8 ir 10 paras inkubuoty gridu, uzkrésty Aspergillus
flavus.

Dujy chromatografijos ir EAG registravimas vienu metu (DC-EAD)

Lakiy antriniy metabolity analizé atlikta duju chromatografu Clarus 500 (Perkin Elmer,
JAV) su liepsnos jonizacijos detektoriumi (angl. FID — Flame lonization Detector) ir DB-Wax
kolon¢le (ilgis 30 m, vidinis skersmuo 0,25 mm, sorbento sluoksnio storis 25 um, Agilent
Technologies, JAV). DC-EAD injektoriaus, detektoriaus ir EAD perdavimo linijos temperatiira
buvo 240 °C. DC kolon¢lés termostato temperatiira programuota tokiu biidu: pradiné¢ 40 °C
palaikyta 2 min., po to 5 °C/min greic¢iu pakelta iki 200 °C ir véliau 10 °C/min grei¢iu pakelta
iki 240 °C. Galutiné temperatira buvo palaikoma dar 10 min. Dujos neséjos — vandenilis, 1,5
mL/min.

IS kolonglés iSéjusios medziagos (santykiu 1:1) nukreipiamos { FID ir EAD. VabzdZio

antena panaudojama, kaip detektorius nustatantis biologiskai aktyvius lakiuosius komponentus.
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Tyrimams naudotos 2—-3 dieny amziaus P. interpunctella pateliy antenos. Antena buvo
istatoma { stiklinius kapiliarus, kurie uzpildyti 0,9 % NaCl tirpalu (Ilsanta, Lietuva). Tuomet
kapiliarai buvo jtvirtinti tarp dvieju sidabro (Ag) elektroduy. Antena buvo atsukama i pastovios
oro srovés srauta, kuris praéjgs anglies filtrus ir oro drékintuva, tekéjo 5 m/s greiciu stikliniu
vamzdeliu (@ 12 mm). Tiriamo miSinio komponentai i§ chromatografo patenka i Svaraus
sudréekinto oro srauta, kuriuo apipuciama antena. Lakaus junginio sukeliamas elektrinis signalas
sustiprinamas IDAC-232 (Syntech, Olandija). Lakus miSinio komponentas jvertintas kaip
aktyvus, kai EAG sutampa su smaile chromatogramoje ir atsakymas pasikartoja maziausiai 3
kartus i ta pacia medziaga.

EAD aktyviy lakiyjy komponenty identifikacija

Grady i8skiriamy lakiy komponenty, sukelianciy P. interpunctella EAD reakcijas,
identifikacija atlikta dujy chromatografu GC 2010 su masiy selektyviu detektoriumi GCMS-QP
2010 Plus (Shimadzu, Japonija).

EAD aktyviis komponentai buvo identifikuojami palyginant jy sulaikymo laikus ir masiy
spektrus su autentiSky sintetiniy standarty sulaikymo laikais, palyginant sulaikymo indeksus
(RI) ir masiu spektrus su referuojamais kompiuteringje masiy spektry bibliotekoje (NISTOS).
Sintetiniai standartai buvo: nonanalis (grynumas 95 %, SIGMA-ALDRICH, Co., JAV),
fenilacetaldehidas (grynumas 98 %, SIGMA-ALDRICH, Co., JAV), 4-oksoizoforonas
(grynumas 98 %, SIGMA-ALDRICH, Co., JAV), 3-metil-1-butanolis (grynumas 98,5 %, Carl
Roth GmbH, Karlsruhe, Vokietija) ir 1-heksanolis (grynumas > 99 %, Fluka, Buchs, Sveicarija).
Plodia interpunctella EAG reakcijos i skirtingas aktyviy komponenty dozes

Elektroantenogramy (EAG) registravimas buvo paruoStas remiantis Weissbecker et al.
(2004) metodika. Ant filtrinio popieriaus juostelés (20mm x 5mm) (Whatman®1, Anglija) buvo
uzneSama tam tikra testuojamos medziagos doze: 1, 10, 100 arba 1000 pg. Nugarinus tirpikli
juostelé dedama i Pastero pipete, pro kuria 48 mL/s grei¢iu jpuciamas oras (0,5 s laikotarpiu) i
pastovy oro srauta, kuriuo nuolat apipuc¢iama antena. Tokiu biidu testuojamos medziagos
pastovios oro srovés pagalba pasiekia vabzdzio antena. Testuotos medziagos: 1-heksanolis,
nonanalis, fenilacetaldehidas, 4-oksoizoforonas ir 3-metil-1-butanolis. Kontrolei naudota 10 puL
nugarinto heksano. EAG signalas registruotas Syntech programa ,,EAG2000 (Olandija).
Reakcijos dydis mV nustatytas pagal piking amplitudg.
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TYRIMU REZULTATAI IR JU APTARIMAS

Sqveika grybas — vabzdys
Mikromicety iSskyrimas ir rusiy identifikavimas i§ Bupalus piniaria viksry

Gamtoje surinkti puSinio sprindziaus B. piniaria viksrai auginti laboratorinémis
salygomis. IS 56 zuvusiy antro—trecio tgio vikSry buvo iSskirtas mikromicety kompleksas.
Mikozés simptomus tur¢jo 86 % tirtyju vabzdziy. Tyrimo metu, iSskirti, uZauginti ir
identifikuoti 36 mikromicety kamienai, priklausantys 15 risiy, 10 genciy (1 lentel¢). Vertinant
identifikuoty mikromicety ivairove, apskaiciuotas Shannon-Wiener jvairovés indeksas — H’ =
1,98

Duomeny apie mikromicety i$skyrima ir identifikavima i§ B. piniaria viksry iki $iol
nebuvo skelbta.
Spyglius grauZianciy vabzdZiy puSinio sprindziaus, Bupalus piniaria, puSinio verpiko,
Dendrolimus pini (Lepidoptera) ir paprastojo pusinio pjiklelio, Diprion pini

(Hymenoptera) jautrumas entomopatogeniniams grybams

Gryby sukeltas mirtingumas Bupalus piniaria vik§rams

Lecanicillium psalliotae ir Fusarium solani poveikis Bupalus piniaria vikS$rams.

Lecanicillium psalliotae sukeltas mirtingumas per tyrimo laikotarpi (10 dieny) tesieké 10,03 £
1,82 % ir nesiskyré nuo kontrolinés grupés, purkstos steriliu distiliuotu vandeniu, mirtingumo
(14,24 + 1,39 %). Nezymus poveikis B. piniaria viksrams gali biiti paaiSkintas tuo, kad L.
psalliotae yra dirvos mikromicetas, efektyvus naikinant dirvoZemyje gyvenancius organizmus,
tokius kaip erkés (Pirali-Kheirabad et al., 2007), nematodai (Gan et al., 2007; Sung et al., 2007).
Sio grybo poveikis drugiams néra zinomas. Miisy tyrimo rezultatai rodo, kad tokio poveikio B.
piniaria rasiai néra.

Fusarium solani konidiju suspensijos, (1,4 x 10® konidiju mL™) efektyviau slopino viksry
gyvybinguma. Entomopatogeniniy mikromicety virulentiSkumas nebuvo aukstas: per 10 dieny
nuo purSkimo mirtingumas pasieké 29,62—-30,69 %.

Beauveria bassiana, Metarhizium anisopliae ir Isaria farinosa poveikis Bupalus piniaria

vikSrams. Lietuvoje iSskirty mikromicety Beauveria bassiana DPK-02-d, Metarhizium
anisopliae  DPK-06-d ir Isaria farinosa DPK-06-f-11 kamieny (konidijyu suspensiju
koncentracija — 1 x 10® konidijy mL™) poveikis tre¢io—ketvirto (L 3-4) tigio pusinio sprindzio

vikSrams buvo tirtas laboratorinémis salygomis.
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B. bassiana ir M. anisopliae patogeny konidiju suspensijos per tyrimo laikotarpi (21
dieng) sukeéle 100 % tiriamyjy vabzdziy mirtinguma (1 pav.). Taciau vikS§ry mirtingumo
dinamika abiem atvejais skiriasi. Per 12 dieny nuo purSskimo buvo B. bassiana grupéje buvo
pasiektas 100 % mirtingumas. Tuo tarpu M. anisopliae virulentiSkumas taip pat pasieké 100 %,
taCiau per ilgesni tyrimo laikotarpi — 18 dieny (2 lentelé). Kontrolés mirtingumas per visa tyrimo
laikotarpi sudaré 6,32 + 1,21%.

Gauti rezultatai leidzia teigti, kad B. bassiana ir M. anisopliae gali buti efektyvis
entomopatogenai B. piniaria vikSrams. Mikromicety patogeniSkumui jvertinti apskaiciuotos
LTso ir LT1go reikSmés (laikas, per kuri sukeliamas 50 ir 100 % tiriamyju vabzdziy mirtinguma).
B. bassiana konidijuy suspensijomis paveikty viksru LTso buvo 8 dienos, o M. anisopliae — 11
dieny. Kalbant apie LT3 B. bassiana virulentiSkumas buvo patikimai didesnis uz M. anisopliae
ir sudaré 12 ir 18 dieny atitinkamai (2 lentelé).

Nedidelis B. piniaria vik§ry mirtingumas nustatytas naudojant 1. farinosa konidiju
suspensija (koncentracija 1 x 108 konidijy mL™). Pra¢jus 7 dienoms po pirmojo purSkimo I.
farinosa konidijy suspensija vik$ry mirtingumas sieké 20,01 + 3,42 % ir mazai skyrési nuo
kontrolinés grupés, purkstos steriliu distiliuotu vandeniu (19,12 + 3,16 % mirtingumas). Viksrai
po 7 dieny nuo pirmojo purskimo padalinti { 2 grupes: pirmosios grupés palikti toliau stebéti
mirtinguma, antrosios — pakartotinai paveikti konidijy suspensija. Pirmos grupés mirtingumas
nusistovejo ir nekito iki bandymo pabaigos. Antros grupés mirtingumas pakilo iki 56,67 + 6,62
% ir patikimai skyrési nuo kontrolinés bei pirmo purskimo grupiy (P < 0,01, Z = 2,46). Gauti
rezultatai leidZia teigti, kad I. farinosa néra pakankamai efektyvus kaip entomopatogenas B.
piniaria vikSrams.

Gryby sukeltas mirtingumas Diprion pini lervoms

Beauveria bassiana (DPK-02-d kamienas) efektyviai slopina tre¢io—ketvirto tigio Diprion
pini lervy gyvybinguma. Pirmyjy lervy zuvimas stebétas Sesta diena nuo purskimo B. bassiana
konidiju suspensija (1 x 10® konidijuy mL™) (2 pav.). D. pini lervy didZiausias mirtingumas
stebimas pirmas dvi savaites nuo purSkimy pradzios. B. bassiana konidiju suspensijomis
paveikty lervy mirtingumas nusistovéjo per 17 dieny ir siekeé 85,61 + 3,38 %. Kontrolinés
grupés mirtingumas per 18 dieny nuo purskimo pradzios tesudaré 10,03 + 1,42 %. Skirtumai
tarp kontrolinés ir B. bassiana grupiu buvo patikimi (P < 0,002, Z = 3,30).

Gryby sukeltas mirtingumas Dendrolimus pini vik§rams

Paveikus Dendrolimus pini tre¢io—ketvirto tigio viksry grupes konidijy suspensijomis (1 X

10® konidijy mL™), pirmujuy viksry Zuvimas sukeliamas tredia diena (3 pav.). DidZiausias

mirtingumas pasiekiamas per 2 savaites ir sudaro 60,02 + 6,24. Véliau mirtingumas nusistovi ir
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kinta nezymiai (63,33 + 5,86 %). Kontrolin¢je (purksta steriliu distiliuotu vandeniu) pirmieji
vikSry Zuvimai stebéti tik 9-ta diena nuo eksperimento pradzios. Bendras kontrolés mirtingumas
per visa tyrimo laikotarpj sudaré 2,21 + 0,25 %. Skirtumai tarp kontrolinés ir B. bassiana grupiy
buvo patikimi ir sudaré P < 0,001 (Z = -4,13).

Mazesni pusinio verpiko mirtinguma (lyginant su puSiniu sprindziumi ir paprastuoju
pusiniu pjukleliu) galéjo lemti viksro kutikulés savybés (vikSro kiinas padengtas tankiais
plaukeliais, kurie gali apsunkinti EPG spory prisitvirtinima), netinkamai pasirinktas viksry tgis
(gal L 34 tgio viksrai nejautriis entomopatogeniniams grybams) arba netinkamai pasirinktas
entomopatogenas. Todé¢l atlikti papildomi tyrimai entomopatogeniniais mikromicetais (B.
bassiana ir M. anisopliae) krec¢iant skirtingas Dendrolimus pini vystymosi stadijas (pav. 4).

Didziausia mirtinguma visose amziaus grupése sukelia B. bassiana: L1-2 — 33,33 + 2,85
%; L3-4 — 63,33 + 5,86 %; L5-6 — 35,55 + 3,51 %. Tuo tarpu grybo M. anisopliae vabzdziams
sukeltas mirtingumas buvo zZemas. Jautriausi Siam patogenui buvo L1-2 viksrai, ju mirtingumas
sudaré 16,47 + 1,78 %. Augant vikSry Ggiui, jautrumas patogenui mazéja: L3-4 mirtingumas
siekia 8,89 + 0,85 %, o L5-6 — 0 %, t. y. mirtingumas nesukeliamas. Kontrolin¢je grupéje,
nedidelis vik$ry mirtingumas stebimas tik L1-2 ir L3-4 figio grupése ir sudaro 6,67 £+ 0,62 ir
2,21 + 0,25 % atitinkamai. Gauti duomenys, leidzia teigti, kad visi Dendrolimus pini viksry
figiai jautriausi B. bassiana konidijy suspensijoms.

Entomopatogeniniy gryby poveikio priklausomybé nuo preimaginio vystymosi stadijos,
Dendrolimus pini pavyzdzZiu

Nustatyta, kad tik B. bassiana efektyviai slopino kiausinéliy gyvybinguma ir sukélé 37,37
+ 3,74 % mirtinguma (Z = -2,75, P = 0,006) (5 A pav.). Tuo tarpu kontrol¢je ir M. anisopliae
kiauSinéliy grupése mirtingumas buvo neaukStas ir atitinkamai neiSsiritusiy kiauSinéliy dalis
sieké 22,23 + 5,33 % ir 19,33 £ 5,69 %.

Toliau stebimas vikSry, iSsiritusiy 1§ likusiy (gyvybinguy) kiauSin¢liy, jautrumas
entomopatogeniniams grybams (besiritantys viksrai papildomai nebuvo purSkiami mikromicety
%. Tuo tarpu, issiritusiy viks§ry mirtingumas B. bassiana ir M. anisopliae grupése atitinkamai
sudaré 91,06 £ 6,02 % ir 100 %.

EPG gali parazituoti visas vabzdzio vystymosi stadijas, tame tarpe ir kiausinélius (Hajek,
St. Leger, 1994). Vieny autoriy teigimu, kiausinéliai, lyginant su kitomis vabzdzio vystymosi
stadijomis yra maziausiai jautris EPG (Gopalakrishanan, Narrayanan, 1989), kity tyrimai rodo,
kad kiau$inéliai labai jautris EPG infekcijoms (Lezama-Gutierrez et al., 1996; Anand, Tiwary,

2009). Gauti duomenys rodo, kad paveikus entomopatogenais kiauSinélius, pastaryju
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mirtingumas, nors ir patikimai skiriasi nuo kontrolés, taciau iSlieka nedidelis ir sudaro 37,37 +
3,74 % (B. bassiana sukeltas mirtingumas). Salyginai nedidelis poveikis gali biti apsprestas

kiausiné¢li dengiancio vaskinio sluoksnio ir/ar choriono (kiausinélio dangalo) cheminiy savybiu.

Sqveika vabzdys — grybas

Plodia interpunctella gebéjimo atpazinti grybais uzkrésta substrata tyrimas
Plodia interpunctella kiauS$inéliy déjimas ant neuzkrésto ir Aspergillus flavus
uzkrésto substrato

Remiantis literatiros duomenimis Siam tyrimy etapui buvo pasirinktas vabzdziams,
gyvinams ir zmogui patogeninis, sandéliavimo salygomis plintantis griidy kontaminantas —
Aspergillus flavus Link: Fries (MUCL 11945) (Lugauskas, 2006; Mankevicien¢ et al., 2006).

Buvo atlikti kontroliniai bandymai — patelé turéjo galimybe kiausinéliy déjimui pasirinkti
kontroling 1€ksStele su steriliais griidais arba tus¢ia — be substrato. Po 3 pary nustatyta, kad
patelés statistiskai patikimai (t = 5,97, P < 0,001) rinkosi kontroling lékstele su kvie¢iy grudais
(79,27 £ 4,91 %) nei tuscia (be substrato) (20,73 + 4,43 %).(6 pav. A). Leidus P. interpunctella
rinktis tarp steriliy (kontrolé) ir A. flavus uzkrésty griidy, patelés patikimai daugiau kiausinéliy
déjo kontroléje (62,45 + 4,43 %) nei paveiktoje patogeniniais mikromicetais puséje (37,55 +
4,43 %) (t= 2,82, P =0,008) (6 pav. B).

Vertinant kiauSinéliy déjima, atsizvelgta | dinamika. Per pirmas dvi dienas bendra sudéty
kiauSinéliy dalis kontrolingje ir A. flavus pusése buvo beveik vienoda ir statistiSkai patikimai
nesiskyré P > 0,05 (7 pav. A). Trecia dieng nuo tyrimo pradZios bendra sudéty kiauSin¢liy dalis
kontroléje 62,45 + 4,43 % buvo statistiS$kai patikimai didesné nei ant substrato uzkrésto A. flavus
37,55+ 4,43 % (t = 2,82, P = 0,008) (7 pav. A).

Vertinant kiauSinéliy d¢jima vertinome ir sudéty kiauSineliy iSsidéstyma erdveje: tiesiai
ant substrato (griidy) ir Salia substrato (ant dézutés dugno, sieneliy ar dangcio). Patelés per visa
tyrimo laikotarpi patikimai daugiau kiauSinélius déjo tiesiai ant substrato (7 pav. B): pirma diena
kiauSinéliy dalis kontroléje ir substrate su A. flavus sudaré 14,43 + 3,67 ir 4,66 + 1,47 (t = 2,62,
P = 0,013); antra diena atitinkamai 20,20 + 3,76 % ir 6,35 + 1,63 % (t = 3,66, P = 0,0008);
treCia dieng skirtumas tarp abiejy pusiu iSaugo — kontroléje sudéty kiausinéliy dalis sudaré 45,43
+ 5,18 %, o grybu A flavus uzkréstoje puséje — 7,65 = 1,75 % (t= 7,02, P < 0,0001).

Per visa tyrimo laikotarpi erdvéje Salia substrato daugiau kiausinéliy buvo sudéta A. flavus
uzkréstoje substrato puséje (7 pav. C): pirma diena kiauSinéliy dalis kontroléje ir A. flavus
pusése sudaré 6,11 + 1,84 ir 15,58 £+ 3,96 (t = -2,24, P = 0,032), antra diena atitinkamai 8,11 +

1,91 % ir 20,72 £ 4,09 % (t = -2,98, P = 0,005), treCia diena sudéty kiausinéliy dalis kontroléje
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sudar¢ 17,67 + 3,91 %, o A. flavus pus¢je — 29,81 + 4,32 %, taciau patikimy skirtumy tarp
grupiy nebuvo (t = 1,99, P = 0,054).

Gauti rezultatai leidzia teigti, kad apvaisintos P. interpunctella patelés kiausinéliy déjimui
renkasi mikromicetais neuzkrésta substrata tik trecig diena po uzkrétimo grybu. Tuo metu
besivystydamas mikromicetas priaugina tokj biomasés kiekj, jog substratas tampa nepatrauklus
vabzdziams. Tuo tarpu A. flavus uzkréstuose griduose, stebimas kiauSinéliy déjimas Salia
substrato.

Plodia interpunctella uoslés reakcijos j neuzkrésta ir Aspergillus flavus grybais
uzkrésta substratg

Siekiant nustatyti kokie lakiis junginiai dalyvauja modelinei vabzdziy risiai, P.
interpunctella, atpazistant neuzkréstus ir mikromicetais uzkréstus substratus, taikant SPME
metoda surinkti ir DC-EAD bei DC-MS metodais nustatyti neuzkrésty ir uzkrésty griidy
produkuojami laksis antriniai metabolitai, sukeliantys vabzdzio antenu receptoriy reakcijas.

Buvo nustatyta, kad P. interpunctella pateliy anteny receptoriai reaguoja i 4 lakius
antrinius metabolitus, iSskiriamus neuzkrésty grudy (8 pav.). Palyginus EAD aktyviy
komponenty sulaikymo indeksus ir masiy spektrus su referuojamais kompiuteringje masiy
spektry bibliotekoje (NISTO0S), bei autentiSky sintetiniy standarty sulaikymo trukme, junginiai
buvo identifikuoti kaip: 1-heksanolis, nonanalis, fenilacetaldehidas ir 4-oksoizoforonas (9 pav.).

Tiriant grybu — A. flavus uzkrésto substrato produkuojamus lakius antrinius
metabolitus, nustatyta, kad pasikartojancius P. interpunctella pateliy anteny receptoriy
atsakus visais atvejais sukelia tik vienas komponentas. Junginys identifikuotas kaip 3-
metil-1-butanolis.Siame tyrimy etape galime daryti prielaida, kad $is komponentas galéty bati
vienas 1§ junginiy, pagal kuriuos vabzdZiai atpazista mikromicetais uZzterStus griidus.

IS grybais uzkrésto substrato iSsiskiriancio lakaus komponento dinamika

Tredia diena po uzkréetimo A. flavus konidijy suspensija (1 x 107 konidijuy mL™) gridy
virSerdvyje jau detektuojama 0,15 £ 0,04 pg/g substrato Sio komponento. Penkta diena po griidu
uzkrétimo mikromicetu 3-metil-1-butanolio kiekis lakiy antriniu metabolity emisijoje labai
1Sauga ir siekia 16,62 + 1,41 pg/g substrato ir laikosi iki deSimtos dienos po uzkrétimo (16,50 +
0,76 pg/g substrato).

Mikromicetu uzkréstuose griduose lakiy medziagy, kurios galéty biti signalinés
atpazjstant P. interpunctella pateléms tinkama substrata kiausiniy déjimui, mazéja ir atsiranda
lakios medziagos (tokios kaip 3-metil-1-butanolis), kurios galéty signalizuoti apie netinkama

substrata.
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Plodia interpunctella elgesinés ir uoslés receptoriy reakcijos j grybais uzkrésta substratg
Plodia interpunctella uoslés jautrumo biologiskai aktyvioms medziagoms
lyginamoji analizé

EAG metodu patikrintas i§ oro surinkty paprastojo kviec¢io Triticum aestivum pavieniy
lakiy medziagy skirtingy doziy poveikis P. interpunctella uoslés receptoriams (12 pav.). Visos
EAG reakcijy amplitudés i skirtingas 1-hekasanolio, fenilacetaldehido ir 4-oksoizoforono dozes
statistiSkai patikimai skyrési nuo kontrolés (heksano). Visoms Sioms nepazeisto grido
lakiosioms medziagoms slenkstiné dozé sukelianti patikimus (t — testas, P < 0,05) EAG atsakus,
buvo 1 pg. Tik nonanalio sukelty EAG vidutiné¢ amplitudé statistiSkai patikimai skyrési nuo
kontroliniu stimulu sukeltos EAG vidutinés amplitudés esant didesnéms, t. y., 100 ir 1000 pg
dozéms ir atitinkamai sudaré 0,046 + 0,004 mV (t = 2,63, P =0,016) ir 0,069 £+ 0,009 mV (t =
6,52, P <0,0001). Didziausius anteny reakciju atsakus sukélé 1000 pug 1-heksanolio dozé 0,16 +
0,013 mV.

Registruotos P. interpunctella pateliy anteny reakcijos i sintetinés A. flavus pazeisty griidduy
skleidziamos lakios medziagos 3-metil-1-butanolio dozes (13 pav.). 1 pg sukelty reakcijy
vidutiné amplitudé buvo 0,028 + 0,005 mV ir patikimai skyrési nuo kontrolés 0,021 &= 0,005 mV
(t=2,83,P=0,011). 10 pg tiriamosios medziagos dozés sukelta suminé EAG reakcija 0,037 +
0,006 mV patikimai skyrési nuo kontrolés (heksano) (t = 6,19, P < 0,0001). Didziausios (100 ir
1000 pg) 3-metil-1-butanolio doziy sukeltos anteny reakcijos taip pat patikimai skyrési nuo
kontrolés: 100 pg vidutiné reakcijos amplitudé buvo 0,053 + 0,007 mV (t = 7,68, P < 0,0001),
1000 pg — 0,081 £ 0,008 mV (t= 9,75, P <0,0001).

Substrato skleidZiamy lakiyjyu medZziagy patrauklumo vertinimas dviejy
pasirinkimy olfaktometru

Mazas 1-heksanolio dozes (0,1 ir 1 ug) patelés rinkosi statistiskai patikimai dazniau nei
kontrolg (heksana). Nonanalis patrauklus vabzdziams esant 0,01 pg dozei. Fenilacetaldehidas
nebuvo patrauklus pateléms ir lyginant su kontrole patikimy skirtumy nei vienoje dozéje
nesudaré (G — testas, P > 0,05). Visos tiriamosios 4-oksoizoforono dozés patikimai skyrési nuo
kontrolés, taciau aktyvumas buvo repelentiskas, t.y. patelés statistiSkai patikimai dazniau rinkosi
heksana (3 lentel¢).

Gauti rezultatai leidzia teigti, kad 1-heksanolis buvo patraukliausias apvaisintoms P.
interpunctella pateléms. 1-Heksanolis ir nonanalis — priskiriami ,zaliesiems lapo
komponentams* (Ruther et al., 2002; Uechi et al., 2007). Zinoma, kad nonanalis yra atraktantas
kiausinéliy déjimui P. interpunctella, giminingai sandéliy kenkéju rasiai Ephestia cautella

(Walker) (Lepidoptera: Pyralidae) bei daugeliui kity drugiy rasiy (Uechi et al., 2007, Olsson et
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al., 2005). Uechi et al. (2007) atlikti tyrimai parodé, kad nonanalis atraktyvus apvaisintoms P.
interpunctella pateléms tik mazomis dozémis 0,1 ir 0,01 pg. 1-Heksanolis nebuvo Zinomas kaip
atraktantas drugiams (Lepidoptera), ta¢iau medziagos atraktyvumas aprasytas kelioms vabzdziy
rasims i§ Coleoptera (Ruther et al., 2002; Matsumoto, 1962), Diptera (Cruz-Lopez et al., 2006),
Homoptera (Mu et al., 2012) biiriy.

Fenilacetaldehidas ir 4-oksoizoforonas — priskiriami ,,Zziedu lakiesiems komponentams*
(de Vega et al., 2014, Olsson et al., 2005), nes Siy medziagy gausiai aptinkama augalams zydint.
Abi medziagos zinomos kaip atraktantai ziedus lankantiems vabzdziams. Taciau miisy
tiriamajame darbe §i medziaga (tirtomis dozémis 0,1-100 pg) nebuvo patraukli pietinio ugniuko
pateléms. Tai leidzia kelti hipoteze, kad medziaga gali biti atraktyvi mazesnémis dozémis. Tuo
tarpu 4-oksoizoforonas tiriamajame darbe buvo repelentiS$kas kenkéjams. Literatliroje néra
duomeny apie Sios pavienés medziagos patraukluma P. interpunctella.

Tiriant 3-metil-1-butanolio patraukluma apvaisintoms P. interpunctella pateléms, buvo
nustatyta, kad didziausia tirta 100 pg doz¢ atbaidé vabzdzius ir jie statistiSkai patikimiau rinkosi
heksana (kontrolg) (G = 4,94, P = 0,026) (14 pav.). 10 pg dozé nesiskyré nuo kontrolés (G =
0,037, P =0,847). Mazéjant tiriamosios medziagos dozei didéjo jos patrauklumas vabzdziui. 1 ir
0,1 pg dozes patelés rinkosi patikimai dazniau nei kontrolg.

Kaip A. flavus skleidziamas lakusis komponentas, 3-metil-1-butanolis Zinomas jau senai
(Kaminski et al., 1972; Tuma et al., 1989; Sunesson et al., 1995) Tac¢iau pavienés lakiosios
medZiagos atraktyvumas pietinio ugniuko pateléms (ir kitiems drugiams) iki §iol nebuvo tirtas.
3-Metil-1-butanolis gali biiti svarbus markeris atpazistant uzterStus griidus ir/ar jy produktus

panaudojant vabzdzio anteny receptoriy elektrofiziologinius atsakus kaip biosensoriy.
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ISVADOS:

1. Gamtingje populiacijoje i§ Zzuvusiy puSinio sprindziaus, Bupalus piniaria (Lepidoptera)
individy identifikuotas 15 grybu rasiy kompleksas, 10 i$ ju — entomopatogeninai; gausiausios
rasys — Lecanicillium psalliotae (34,61 %) ir Fusarium solani (24,33 %). Shannon—Wiener
ivairoveés indeksas H = 1,98.

2. Lervy mirtingumas veikiant grybams, priklauso nuo spyglius grauzian¢io vabzdzio risies:
Bupalus piniaria viksrai yra jautriausi (didziausias mirtingumas per trumpiausia laika trecio-
ketvirto Gigio lervas paveikus konidijy koncentracija 10° mL™) Beauveria bassiana grybui —
100 % mirtingumas per 12 dieny, Metarhizium anisopliae — 100 % mirtingumas per 18 d.;
Diprion pini lervoms B. bassiana grybu sukeltas mirtingumas siekia 85,61 + 3,38 % per 18
d.; Dendrolimus pini vikSrai maziausiai jautrtis grybams: grybuy B. bassiana sukeltas
mirtingumas — 63,33 £+ 5,86 %, M. anisopliae — 8,89 + 0,85 % per 18 d.

3. Jautrumas entomopatogeniniams grybams priklauso nuo vabzdzio vystymosi stadijos:
kiausinélio stadijoje Dendrolimus pini didziausia mirtinguma sukelia B. bassiana (37,37 +
3,74 % kiausinéliy ir 91,06 + 6,02 % viksruy, issiritusiy i$ likusiy kiau$inéliy), M. anisopliae
(19,33 + 5,69 % kiausinéliy ir 100 % viksry, iSsiritusiy i$ likusiy kiauSinélig); lervos stadijoje
didziausia mirtinguma sukelia B. bassiana (L1-2 — 33,33 + 2,85 %; L3-4 — 63,33 + 5,86 %);
L5-6 — 35,55 + 3,51 %), maziausia — M. anisopliae (L1-2 — 16,47 + 1,78 %; L3-4 — 8,89 +
0,85 %, L5-6 — 0 %).

4. Grybais uzkrésta substrata Plodia interpunctella (Lepidoptera) patelés atpazjsta: esant
pasirinkimui statistiSkai patikimai daugiau kiauSinéliy deda grybais neuzkréstame — 62,45 +
4,43 % nei uzkréstame substrate — 37,55 + 4,43 % (t = 2,82, P = 0,008).

5. Plodia interpunctella patelés uzuodzia: kiausinéliams tinkamo déti substrato 4 lakiuosius
junginius — 1-heksanolj, nonanalj, fenilacetaldehida, 4-oksoizoforona; bei grybais uzkréstame
substrate — 3-metil-1-butanolj. Pagal lakiyjy junginiy pokycius Plodia interpunctella patelés
gali skirti kiauSinéliy dé¢jimui tinkama ir netinkama (uzkrésta grybu) substrata.

6. Plodia interpunctella apvaisintos patelés i iSskirtus lakiuosius junginius reaguoja skirtingai:
1-heksanolis (1 ir 0,1 pg), nonanalis (0,1 pg) bei mazos (1 ir 0,1 pg) 3-metil-1-butanolio
dozés joms yra atraktyvios; didelés (100 pg) pastarojo junginio dozés — repelentiSkos. 3-

metil-1-butanolis gali bati svarbus markeris atpazjstant substratuose esan¢ius grybus.
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