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INTRODUCTION

Relevance of the research.Tomato leafminerLiriomyza bryoniae (Diptera,
Agromyzidae) is one of the most abundant pest spaniindustrial tomato greenhouses
in Lithuania and Europe (Ostrauskas et al., 2006¢ larvae of leafminers feed on leaf
parenchyma tissues and affect cultivated plantscéysing reduction in yield and
reducing the aesthetic value of ornamental plaRgsréla, 1987). Development of new,
ecologically safe technologies to control pest pajans is of great importance. So the
application of kairomones and nontoxic, not mutageand environmentally friendly
photoactive organic compounds (photosensitizers)oooation for plant protection may
be a practicable solution of the problem.

Photosensitizers are photoactive organic compoumdsch can accumulate in
different organisms including insects, and follogviexposure to visible light induce
lethal photochemical reactions and death of anrosga These compounds are not
mutagenic and because of rapid photodegradatidheirsunlight would not pollute the
environment (Ben Amor, Jori, 2000). Usually photostgzers are incorporated into
nutrition medium of insects or baits containingioas nutrients (e.g., different sugars).
However, effective strategy for minimizing the uggaof baits with photosensitizers by
non-target insects is needed. In that case onbeopossibilities is the use of species
specific attractants which attract relevant spetdble bait with photosensitizers.

There is no doubt that leafminers orient in theimmment, locate and recognize the
suitable host-plants by plant-emitted volatilesg@hKang, 2002, 2003). Plant chemical
compounds, which are attractive for the pest, #émgbated to kairomones. However,
until recently only kairomones for one agromyzice@ps —Liriomyza sativae— are
identified (Wei et al., 2005). Identification of tictive chemical compounds for
leafminers as the investigation of behavioural tieas of leafminers to volatiles emitted
by host-plants will help to understand essentialspiiogical mechanisms involved in
suitable host-plant searching behaviour of insedt the results of such research could
be used to predict the abundance and distributioth® pest and to develop new
biological control tools including those based loa tise of photopesticides.

The aim and main tasks of the researchThe aim of the study was to determine
kairomones, emitted by tomato leafmindiriomyza bryoniae host-plants, and
investigate the effect of photosensitizers on temaafminer by choosing the most
effective (inducing lethal effects) photosensit@zmgents.

The following taskswere set to achieve this aim:

1) to determine the diurnal rhythm of tomato leafemniL. bryoniaefemale feeding

activity;

2) to determine reactions bf bryoniaeolfactory receptors to host-plant volatiles;

3) to evaluate the attractiveness of different {pbsiht odours for polyphagous

leafminerL. bryoniae

4) to evaluate the attractiveness of different {pdants for feeding and oviposition

of L. bryoniaeadults;

5) to determine kairomone attractive for tomatofrteaer (single chemical or

mixture);

6) to find an effective photosensitizer which indsidethal effects and thus does not

inhibit L. bryoniaefeeding;



7) to evaluate the pharmacokinetics of the effectphotosensitizer withirL.
bryoniaeorganism.

Novelty of the research.The diurnal rhythm otLiriomyza bryoniaefemale feeding
activity was determined for the first time. Alsar fthe first time olfactory reactions of
tomato leafminerL. bryoniae adults to host-plant and non host-plant odoursewer
registered, and the attractiveness of host-plaats evaluated. The first attractant for
bryoniae species was identified. Using GC-EAD techniquepontant forL. bryoniae
plant volatiles (potential kairomones) were detewedi An original method foL.
bryoniae feeding behaviour on baits containing photoseresisi registration was
developed. For the first time the efficiency of el photosensitizers depending on
induced lethal effects and time of feeding on the Wwith photosensitizer was compared
using Agromyzidae species. The photosensitizer hwitan be used as effective
photopesticide against tomato leafminerbryoniaewas determined. Furthermore, it
was ascertained that following 48 hours after hepw@iphyrin dimethyl ether (HPde)
intake no detectable amount of photosensitizer fwaad in L. bryoniaeorganism. In
collaboration with Institute of Materials ScienaedaApplied Research, for the first time
the method developed in that Institute was usedtherevaluation of the amount of
photosensitizer and its pharmacokinetics in simgsect organismL( bryoniaespecies
was used).

Scientific and practical significance.Research results extend the knowledge in the
fields of chemical ecology and behaviour of agroityzThe results are important and
can be applied as follows: to identify kairomoneslf. bryoniaespecies; to search for
potential kairomones affectinly. bryoniae or otherLiriomyza species behaviour; to
develop the monitoring and environmentally friendigntrol tools forL. bryoniae
species; to carry out the investigation of effeztphotosensitizers fdr. bryoniae to
develop agricultural pest control strategy basetheruse of photopesticides.

Defended statements:

1) the host-plant odours attractiveness for tonkeddminerL. bryoniaeis influenced
by the host experience at larval stage;

2) for feeding and oviposition polyphagous pestoryoniae prefers different host-
plants;

3) identified, affectind.. bryoniaebehaviour kairomone can be an additional effective
monitoring tool increasing the attractiveness ap#;

4) economically important plant pekt bryoniaeis sensitive to hematoporphyrin
dimethyl ether (HPde)-based photosensitization.

Approbation of results. Dissertation material was presented at the inteEmait
conferences: “Chemical communication in animalsadamental problems” (Moscow,
Russia, 2006), “23 24" 25" Annual Meetings of International Society of Cheatic
Ecology” (Jena, Germany, 2007; Pennsylvania, US@082 Neuchatel, Switzerland,
2009). Results of the research were reported igiénsfic articles published in the
journals (ISI Master Journal List) included in tth@tabase of the Institute for Scientific
Information (3 of them are included in the databa$ethe Institute for Scientific
Information (ISI WOS) withimpactfactor) as well as in 3 abstracts of conferences.

Structure of dissertation. The dissertation is presented in the following ¢begp
Introduction, Literature Review, Material and Mediso Results and Discussion (3



subchapters), Conclusions, References (168 sourtest)of publications where the
dissertation material was published and Appendiths. dissertation covers 127 pages;
it contains 12 tables and 37 figures. The texthef dissertation is written in Lithuanian
with the abstract in English.
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LITERATURE REVIEW

This chapter reviews the biology of gerllisomyza mechanisms involved in host-
plant location and recognition by leafminers aslaelthe damage these pests induce to
economically important agricultural plant. The gohttools against tomato leafminer,
the historical background and current perspecibigle use of kairomones and sunlight
activated photoinsecticides (photosensitizersatse discussed.

MATERIAL AND METHODS

Material. The object of the research — tomato leafmingrnomyza bryoniae
Kaltenbach (Diptera, Agromyzida€d). bryoniaewas reared on a bitterswegblanum
dulcamara (Solanaceae) and a field beaficia faba (Fabaceae) under laboratory
conditions. Adult flies of both sexes emerged fritva collected larvae were transferred
into plastic oviposition cages (height 16 cm, léngtcm) with tops covered by nylon
screen and bottoms closed with sponge materialtoSeight fully unfolded leaves from
the top of the bittersweet or field bean seedlingse provided to the flies for
oviposition. Seedlings were replaced at 3- to 4-ddgrvals. Once the plants were
infested with leafminer eggs, the oviposition cagese removed and plants were put in
plastic bags for collecting puparia. Collected &nguparium was placed in a glass vial
with wet filter paper. Adult flies as well as lap/puparia were maintained at 22%°C
and photoperiod of 15:9 (L:D). From October to Agpurtificial light was used — a glow-
lamp, 400 W (DRLF type, for greenhouses).

The plants used in the research: bitterswgsblanum dulcamaral.), tomato
(Lycopersicon esculentuMill.), deadnettle lamium albumL.), downy ground-cherry
(Physalis pubescens.), white goosefootGhenopodium albunh.) and wrinkled rose
(Rosa rugosahunb.).



The photosensitizers used in the research: hemgtioyrin dimethyl ether (HPde),
acridine orange (AO), methylene blue (MB), 5-amawllinic acid (ALA) (precursor of
endogenous protoporphyrin PpIX) (“Merck”, USA). Theolution of the above-
mentioned photosensitizers was prepared in phygiitdb saline (2.5x16M) and was
stored in the dark below -10°C prior to the expeits.

Research off . bryoniaefemales feeding behaviauFhe diurnal rhythm ok. bryoniae
female feeding activity was observed in May 2005 tive laboratory at natural
photoperiod (sunrise — 5 h, sunset — 21 h), 21 % Z8e observation of females started
at 11 h in the morning and continued for 24 holxgting the experiment the feeding
punctures made by one-day-old female during one bowa single bittersweet leaf were
counted. Observations of 4-5 females were carngdionultaneously. The total number
of observed females was 16. For statistical analisest was used.

Registration ofL. bryoniaeantennae reactions (EAG) to host-plant volatifekass
capillary electrodes filled with physiological stbtn (NaCl, 0,9%) were put on Ag
electrodes. The head of an insect was removedthantip of the left antenna arista was
cut off. The reference electrode was inserted timohemocoel of the cranial cavity, and
the recording electrode was connected to the pubtftithe arista. Activated charcoal
filtered and humidified constant airflow at a ratiel,2 L/min passed over the antenna
through a glass tube (g 6mm) positioned 1 cm frben dntenna. Air containing test
substances (passed through a Pasteur pipette withieee of filtered paper
(2mmx0,5mm) (Whatmah1, England) containing 6 mg of the test plant s rate of
6 ml/s was pushed into the constant airflow by r@terval of 0,5 s and in that way
reached the testing antenna. For statistical aisalMslcoxon matched pairs test was
used.

Evaluation of the host-plants odour attractivenessd synthetic chemical
attractiveness for tomato leafminer using Y—tub@atbmeter.A Y-tube olfactometer
was used (length of main tube — 10 cm; length ofsar 12 cm; embranchment angle -
45°; inner diameter — 0,6 cm). Activated charcdedred and humidified air at a rate of
430 ml/min was pushed through each glass chamb&rd@) containing odour sources.
The source of odours was 5 host-plants (bitterswestato, deadnettle, downy ground-
cherry, white goosefoot) or 1,5 mL plastic vial tning 0,5 mL of testing synthetic
chemical compound. Only fully unfolded leaves frdme top branches of the plant were
used. Number of the leaves varied from 6 to 8, déipg on their size. Choice duration
for a single fly was 5 min. Only unmated one-dag-atiults (males and females) were
used. Males were tested unfed and females weravedioto feed for 24 h after
emergence. The test was carried out at226, from 09.00 until 18.00 h. The results
were analyzed statistically using chi-square test.

L. bryoniaefemales suitable host-plant preference for feedind oviposition.The
experiment conditions were the same as redkringryoniae,only 2 host-plants were
provided into oviposition cage. After 5 days thapogition cage with leafminers was
removed and females feeding punctures and develdaimae (in the results presented
as number of eggs) were counted for each planeast 6 replicate cages were used for
each choice experiment. For statistical analysie&¥on matched pairs test was used.

Simultaneous gas chromatography and EAG reqisiraf6C-EAD). The testing
volatiles from tomatd.ycopersicon esculentuplants were collected using a dynamic
headspace collection system (adsorbent Porapakdhydro distillation method. gl
of samples were injected splitless into a Clarus @erkin Elmer) GC equipped with an




EliteWAX column (30 m x 0.25 mmx 0.2pbm), with an extra outlet (temperature
controller, TC-02, Syntech). The injector, deteceonrd EAD transfer line temperatures
were 230°C, 240°C and 240°C, respectively. The deemperature was set at 40°C for 2
min, increased to 150°C at a rate of 6°C/min, thremeased again to 240°C at a rate
20°C/min and finally held at this temperature fomfin. Hydrogen was used as the
carrier gas (4 ml/min) and the makeup gas (4 mlymiihe effluent from the column was
split into two parts, one (50%) transferred to IR the other (50%) to EAD in a ratio
of 1:1. EAG registration was carried out using gnal connection interface (IDAC 4,
Syntech, The Netherlands). Data storage and asalie carried out with a PC- based
interface and software package (GCEAD version3yfhtech, The Netherlands).

Some of the compounds that elicited consisterfiryoniaemale and female antennae
responses were examined with the above-mentionedr@Gtandard chemicals as well
as with an HP 5890 gas chromatograph equipped anttHP 5971 mass selective
detector (GC/MS).

Testing for biological activity of methyl salicytunder field conditionsField test
was conducted in a 1 ha tomato greenhouse (Kiéks/i&aisiadorys district) in August
and in 0,5 ha greenhouses where lettuce and psthagte grown (Sakalai, Salinkai
district) in September 2006, in Lithuania. The expent was carried out following
D.G. James (2005).

Yellow sticky cards (25x13cm) (Biobest N.V., Belgiy and aluminium foil colour
traps (20x16cm) (made from laminated paper (jueekp, TetraPalat the laboratory of
Chemical Ecology and Behaviour of Institute of Expl, Vilnius, Lithuania) were tied
vertically to wire poles at a height of ~30 cm abdlre plant top. Cards were baited with
2 ml plastic vials containing 0.25, 0.5 and 1 mlméthyl salicylate (MeSa) or left
unbaited (control). Vials were slightly plugged kvitotton wool and suspended by wire
at a height of ~2 cm above the centre of each ddeba £99%) obtained from Carl
Roth GmbH, Karlsruhe, Germany, was used undiluidésk cards were placed in three
rows with 12 m between the randomized treatmenth whree replicates of each
treatment. Sticky cards were collected after 10sdayKietaviSks and after 14 days in
Sakalai. Trapping data were analyzed using Krugkallis ANOVA by ranks. Catches
in all traps containing MeSa were combined.

Reqistration of behaviour of feeding on the baitaining photosensitizeFeeding
activity of adult flies was estimated by the duwatithe insect spent demonstrating
feeding behaviour (demonstrating posture with h&adered down to the bait and
proboscis extended) during 30 min period. Durabérieeding/non-feeding behaviour
was counted using original computer programme, whitowed recording behaviour of
5 flies simultaneously, each fly in a separate oeanThe observer recorded the
behaviour of a fly as feeding/non-feeding by pughigleasing the button on a keyboard,
one button for each fly. Feeding behaviour of adligs was registered under the red
light illumination at 221°C. Red light allowed the observer to register fegdi
behaviour of the flies and alongside ensured stetualitions for photosensitizer in the
bait. The flies were fed in individual glass vialgpplied with a small sponge moistened
with feeding bait solution (1 mL sugar/water saatiat the concentration of 0.2 g/mL
and 150 pL photosensitizer/physiological salineisoh at the concentration of 2,5x10
M). In each control and test group the behaviourl®finsects was recorded and
analyzed. Only unfed, unmated 8-24 h bldoryoniaemales and females were used in




the experiment. The results were analyzed stadlitiazising Wilcoxon matched pairs
test.

Evaluation of photopesticidal efficiency of the pbsensitizer toward.. bryoniae
After emergence, adults were sexed and not alloweided for at least 8 h. Control
insects were fed with sucrose solution (0.2 g gfasun 1 ml distilled water) and those
used for testing were fed the same solution plustgdensitizer. Both control and test
insects were fed for 15 h in the dark and 5 h utigered light illumination at 22 + 1 °C.
The light source used for irradiation of insectasisted of a tungsten lamp (500 W), an
optical system for light focusing and an opticdtefi for UV and infrared light
elimination (370 nm %< 680 nm). Light intensity at the position of thells was 30
mW/cnf. The irradiation time reached 30 min and the tit@diation dose did not
exceed 54 J. After irradiation the insects, whigtvived, were fed with sucrose solution
and their mortality was registered every day. Geoap10 insects per experiment were
used. Each experiment was repeated three timasd&@therror was estimated for every
experimental point and marked in Figure as a bar.dgatistical analysis Cox’s F test
was used.

Evaluation of the photosensitizer pharmacokinetithin the body of an insecifter
insect feeding with bait containing photosensitiziiring 48-hour period every 8 hours
insect groups of 12 adults (females or males) vimeen at -18°C and the amount of
photosensitizer in the body was determined. Fluamse intensity of the photosensitizer
in intact cooled insects after feeding was inveddd. Fluorescence spectra were
detected from every cooled insect in the region&80nm. The size of each insect was
not more than 1-2mm, thus it enabled us to deteotdscence of HPde from the whole
insect body. The pharmacokinetics of photosensitizéhe insect body was recorded by
a standard luminescence spectrometer. The lightieghdiode with the output power of
2 mW and the emission band at the wavelength 394vams used for excitation. The
total irradiation dose in the fluorescence measergmwas less than 0.5 J (significantly
lower than illumination in the case of the survitadts). The radiation of the diode was
exposed in the spot of 2 mm in diameter on thecinsecondary emission of the insect
body was collected by a lens system and disperge double monochromator (Jobin
Yvon Model HRD-1). A cooled photomultiplier (Hamatea R1463P) connected to a
photon counting system was used for data accuroolathll measurements were
performed at room temperature. Each experimente@sated three times.

RESULTS AND DISCUSSION

Diurnal rhythm of L. bryoniae female feeding activity.Starting the investigation of
kairomones affecting tomato leafminer, it was intpot to determine the diurnal rhythm
of L. bryoniaefeeding activity. The obtained results allowedashoose suitable hours
for further host-plant odour attractiveness evatumaexperiments. Only females were
observed because only females can penetrate le@ldag feeding punctures, therefore
they are responsible for the host selection andagento the plant. The most intensive
bryoniaefemales feeding activity (when sunrise at 05.@@sst at 21.00) is at 09.00 in
the morning (p<0,01, t-test). After that femalesdeall the day until sunset at an even
rate (Fig. 1).
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Figure 1.Diurnal rhythm ofLiriomyza bryoniademales feeding activity (n=16}f - sunrise® — sunset.

1 paveikslasLiriomyza bryoniagpateliy maitinimosi paros ritmas (n=16)t - sauttekis, ® — sautlydis.

L. bryoniae antennae responses (EAG) to plant odoursEAG responses ol.
bryoniaefemales and males to the host-plants (bittersweetato, deadnettle, downy
ground-cherry) odours differed significantly froitnet responses to the non host-plant
(wrinkled rose) odour (Fig. 2). There was noted s@®xual dimorphism ih. bryoniae
EAG reactions to host-plant volatiles: in femalée thighest EAG responses were
evoked by downy ground-cherry (0,62+0,08 mV) anddiettle volatiles (0,66+0,08
mV), while only downy ground-cherry (0,84+0,11 m\yvoked the highest EAG
responses in males. The odour of deadnettle, whiddked the highest reaction in
females, in males evoked only small reaction, ngrdgt7+0,04 mV (Z=1,92, p=0,055).
Whereas in all other cases, EAG reactions of miadsost-plant odours were slightly
higher than those of females, although did noedigignificantly.

The attractiveness of testing host-plant odours forL.bryoniae. Firstly the
behavioural reactions of tomato leafminer adulth#®oodour of a plant on which insects
had been reared were tested. In Y olfactometeimiears could choose between a pure
airflow and an airflow with host-plant (bitterswgedour. During the experiment some
differences between the choice of males and femaége observed (Fig. 3). Only the
females which were allowed to feed before the awpant significantly more often
chose the airflow with host-plant odour than theepairflow ¢ = 6,25, p<0,012). Unfed
females chose the airflow with host-plant odoufraguently as the pure airflow. Thus
we can suggest that the experience plays an importde in females’ host-plant
selection. Unlike females, unfed males significamtore often chose the airflow with
host-plant odouryf = 4,0, p<0,05). Knowing that males must find areatty damaged
host-plant, the behavioural reactions of malesaimaged host-plant odour (prior to it 3
L. bryoniaefemales fed on that plant for 24 h) were testenlvéler no differences were
observed (Fig. 3).

During the experiment evaluating the attractiversdsdifferent host-plants odours for
tomato leafminer, one host-plant — bittersweet -wisrth-mentioning. Males were
significantly more attracted to the odour of bs#teeet compared to other host-plants
odours (Fig. 4).
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Figure 2. EAG responses dfiriomyza bryoniaefemales (above) and males (below) to differennhtpla
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Figure 3.Choice byLiriomyza bryoniaen Y-olfactometer. *- values of bars in a pair diffsignificantly
(p<0,05,5* test).

3 paveikslasLiriomyza bryoniagpasirinkimas Y - olfaktometre. * - reik&s tarp grupi esagiy poroje
skiriasi statistiSkai patikimai (p<0,05 pagalkriterijy).
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4 paveikslasLiriomyza bryoniagatireliy, uZzauging ant karklavijo, pasirinkimas tarp dvigmitybiniy
augal; Y-olfaktometre. * 4 p<0,05.

The odour of bittersweet was not the most attractior females in all choice
experiments, however this plant was the only onbpse odour was statistically
significantly more attractive for females in 4 {otal 7 were made) choice experiments.
Females significantly more preferred the odouritiElsweet compared to either tomato,
deadnettle (when females were fed on deadnettladéfie choice experiment) or white
goosefoot (when females were fed on bittersweairbdahe choice experiment), whereas
no difference was recorded in choice between bitteet and downy ground-cherry (Fig.
5). Keeping in mind that bittersweet was a planimch leafminers used in the above-
mentioned experiment were reared (more than 3 gdoes), we can suggest that the
Hopkins' host selection principle appears to ogerathese leafminers.

The other experiment proved our suggestion lth&ryoniaemales and females chose
the odour of bittersweet because of host experigntiee larval stagd.. bryoniaeadults
reared on field bean demonstrated no preferendbetamdour of either bittersweet or
tomato (Fig. 6)

Behavioural tests in Y-tube olfactometer also destrated that the host odour
preference by females could be modified by thestexperience in the early imaginal
stage.L. bryoniaefemales’ choice between two host-plant odours deépen which of
those plants females fed before the experiment gjig

Choice of suitable host-plant for feeding and ovipgition by L. bryoniae. Feeding
experiments showed that bittersweetthe most suitable and attractive feeding plant
(among tested plants in the experiment)Lfobryoniaefemales (Fig. 7A). In this manner
bittersweet is more suitable according to its $tmat or nutritional characteristics and
emitted chemical compounds far bryoniaefeeding than tomato, deadnettle, downy
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ground cherry or white goosefoot, althoughoryoniaefemales deposited more eggs on
downy ground-cherry (Fig. 7B).

Aelanum dulcamara Lycopersicon esculentum Physalis pubsscens
Bl Lamium atbum [ Chenopodium album

females fed on Chenopodium album _ famales fed on Jpeopersicon esculentum _

I \NNAN I w25 5 T
= n=37 ERRRRRAT
=S T N\

n=54

oo ¥ 500 @ 0 S 40 F5 100 o0 T &0 3F 0 25 S0 TE 100

_ females fed on Physalis pubsscens females fed on Lamium album

n26 IR w2 T RRRRRRRE R
TN I NN\

=

n=32 n=38

n=35 =37 z

o0 v a0 25 O 25 &0 F5 pp 100 FE S0 S D 2580 vs 100

 females fed on Selanum dulcamara

1000 76 &0 35 0 A A0 FE 100
RESPONDING FEMALES (%)

Figure 5. Choices bylLiriomyza bryoniaefemales reared on a bittersweet between the twb giast
odours in Y-tube olfactometeBefore the choice experiment females fed on diffetest plants. * ¥,
p<0,05, ** -4, p<0,01.

5 paveikslasLiriomyza bryoniaepately, uzaugint ant karklavijo, pasirinkimas tarp dvigjmitybiniy
augal, Y-olfaktometre. Prie$ pasirinkimo bandyrpatets maitinosi ant skirting mitybiniy augai. * -
%, p<0,05, ** -4* p<0,01.

So, this leafminer preferred different host plafis feeding, and for oviposition.
Herein we have to pay attention to the resultdedteophysiological and olfactometrical
experiments. Downy ground-cherry evoked one ofhiglest responses in antennae of
females (also of males). Moreover, females did pi&fer the odour of bittersweet
compared only to downy ground-cherry odour (botremwliemales fed on bittersweet
and on downy ground-cherry before the choice erpamt). Hence we suppose that
downy ground-cherry emits volatiles which stimulatdryoniaefemale oviposition.
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Figure 6. Choices byLiriomyza bryoniaeadults reared on field bean and bittersweet betviee two

B hittersweet B tomato

Liriomyza brypomiae reared on fleld bean
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fed on
bittersareat (n=25)
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tomato (N=27)
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host plant odours in Y-tube olfactometer.y? p<0,05, ** -y*, p<0,01.

6 paveikslasLiriomyza bryoniaesuaugliy, uZzauging ant pupos ir karklavijo, pasirinkimas tarp duiej

mitybiniy augal; Y-olfaktometre. * %% p<0,05, ** -y*, p<0,01.

Mumber of feeding puncturesifplant

Figure 7.Mean number of feeding punctures (A) and eggsd@osited by.iriomyza bryoniademales
in choice feeding and oviposition experiments fifiedent host plants. * - values of bars in a pdiffer
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significantly, (Wilcoxon matched pair test).

7 paveikslasLiriomyza bryoniagpadaryty paZeidiny (A) ir sudety kiauSireliy (B) skatiaus vidurkis ant
skirtingy mitybiniy augal;. * — reik3Snts tarp grupi esadiy poroje skiriasi statistiSkai patikimai pagal

Vilkoksono Zenki kriteriju priklausomoms imtims.
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Potential L. bryoniae behaviour affecting kairomones.Our results reveal that it is
very difficult to choose the most attractive hoktrp for L. bryoniae Polyphagous pest
host-plant selection is affected by the physiolabistate of the insect, the host-plant
suitability for feeding and oviposition, by the hosxperience in larval and early
imaginal stage. Tomato plartycopersicon esculenturwas chosen for investigation of
L. bryoniaekairomones for several reasons: this plant wasngnmeferred ones for
oviposition; well known tomato chemistry can faeite identification of kairomones;
this economically important plant is very ofteraaited by tomato leafminer in industrial
greenhouses in Lithuania (Ostrauskas et al., 2003).

Headspace collection from tomato plants was andlipgeGC-EAD and seven volatile
compounds in the headspace collection consistenibked significant EAD responses
in the antenna of female bryoniae(Fig. 8). Most of the compounds were in relatively
small amounts, so only two volatiles were identifi€#hey are methyl salicylate and){
3-hexenol. During GC-EAD analysis of the tomatar&et obtained by hydrodistillation,
another 9 compounds which consistently evoked fsogmt EAD responses ir.
bryoniaewere determined. Thus in total 16 tomato emitteenaicals are important in
location and recognition of tomato ly bryoniaefemales. Males’ antennae responded
to the same tomato volatiles as those of females.

(£1-3-hexenol Mesa

ik ,Z.. Lo !M I

] AD2

12:00 110 (=X 1=Z0

oag

™

FRetention time, s

Figure 8. The part of gas chromatogram of headspace vdatitm undamaged tomato plant and
recorded antennal responses of two femailésmyza bryoniad EAD1, EAD2) to volatiles. Compounds
that elicited consistent responses (in at leastriecordings) are marked with numbers.

8 paveikslasPomidoro skleidZiamlakiyjy cheminiy medziag (surinkiy iS oro) chromatogramos dalis ir
dvieju Liriomyza bryoniaepatelyy antem atsakai (EAD1, EAD2)i Sias medZiagas. Sk&i Zymi
junginius, suklusius pastoy L. bryoniaepately (n>4) antem atsalg.

Kairomonal activity of methyl salicylate (MeSa). The field test in the industrial
greenhouses (Kietavid&, KaiSiadorys district, Lithuania) revealed thgtamyzid flies
L. bryoniaewere attracted by methyl salicylate. However, tléour of the trap was
critical for attraction.

Statistically significant attraction to MeSa wasealed ((12.3 = 0.7) flies/trap on
average in MeSa-baited traps and (5.5 = 1) fliag/ton average in control) (H=3,85,
p<0,05) (Fig. 9). MeSa increased the attractiverwésgellow traps approximately 2.2
times.
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Comparing the number of the flies captured by athium foil colour traps no
statistically significant differences were detedbetwween the traps baited with MeSa and
the control ((1.33£0.20) and (0.66x0.33) flies/t@paverage correspondingly) (Fig. 9).
This indicates the absence of attractiveness ofaMefd_. bryoniaeflies when presented
in aluminium foil colour traps. Some differencedatches obtained by two control trap
groups was obtained due to the difference in tap tolour: the ‘yellow control’ was
more attractive compared to the ‘aluminium foilaal control’ (H=4,09, p=0,043) (Fig.
9). Basing on this particular phenomenon, commertriaps (sticky cards) were
produced (Parrella, 1987). As far as we know, theree no data on the combined effect
of olfactory and visual stimuli on the behaviouragiromyzids.

The data we obtained on the role of MeSa as aactdnt of plant origin for herbivore
insects allow attributing the compound to kaironmngleSa is not a species specific
attractant forL. bryoniae, it also attracts three dipteran species which rigglto
Syrphidae family (Molleman et al., 1997) and matteo insects.

When MeSa was tested in Y-tube olfactometer diffees in responses among the
sexes were observed. Orlly bryoniaefemales statistically significantly preferred the
airflow with MeSa (72%) compared to the pure aisfl¢control) (28%) ¢* = 4,84,
p=0,03, n=25). Males also showed a tendency to sehdloe airflow with MeSa (58%)
compared with the pure airflow (42%), althoughistetally significant differences are
absent > =0,66, p>0,05, n=24). The differences between #igabioural reactions of
males and females could be determined by the ddgle$a used in the experiment. The
used dose of Mesa could be optimal for femalesnbufor males.
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MeSa Control MeSa Control

Al. foil colour traps  Yellow traps

Figure 9.Mean capture okiriomyza bryoniaein sticky aluminium foil-colour traps and stickglow
traps either baited with methyl salicylate (MeSagantaining no bait (control) in the tomato greemse
during a 10 day period. * - values marked by défgrnumbers of stars differ statistically signifidg,
p<0,05 (Kruskal-Wallis ANOVA by ranks).

9 paveikslasLiriomyza bryoniaesugavimy geltonomis ir aliuminio folijos gaudydnis, turirtiomis
metilsalicilato(MeSa) ir be MeSa (kontédl vidurkis pomidog Silthamyje 10 diet begyje. * - reikSnés
pazyntetos skirtingu ZvaigZdiiy skatiumi skiriasi statistiSkai patikimai (p<0,05) pagkfuskalio-
Voliso rangin kriterijuy nepriklausomoms imtims.
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MeSa is the first and the only attractant idendifi®r the economically important
leafminerL. bryoniae The results we obtained are also important idieg@spects .At
present yellow sticky cards are used as a mongotool for agromyzids both in
smallholder farms and large vegetable industridse @ata we obtained suggest that
synthetic methyl salicylate can be an effectiveakbol increasing the attractiveness of
traps. This leads to a higher ‘sensitivity’ of amitoring tool.

During field research two additional dipteran spscivere attracted by MeSa. They
are Drosophila busckii Coquillett (Drosophilidae) andPollenia rudis Fabricius
(Calliphoridae). Numerous catches of the diptemeties were recorded in yellow sticky
MeSa-baited traps in the greenhouse. A total of5325 busckii specimens and 166
specimens oP. rudiswere captured. In control traps there were 46 Zhdies of the
two dipteran species, respectively.

The mean catch ((814 + 55) flies/trap) of vinefes D. busckiiin MeSa-baited
traps significantly differed from that in contralaps ((12 + 4) flies/trap) (H=5,33,
p=0,02). MeSa is the first attractant for the viaetly D. busckii

In yellow MeSa-baited traps the mean catchPofrudis was 42 + 4 flies/trap and
differed significantly (H=5,39, p=0,02) from therdwml ((13 £ 4) flies/trap) on average.
The yellow trap itself is to some extent attractivehe flies as was proved by catches in
control traps. However, the application of MeSangigantly enhanced the attractiveness
for the species. Thus, MeSa is an attractanPfaudis. This is the second attractant for
the cluster flyP. rudis.

L. bryoniae feeding activity on bait containing different phobsensitizers.Clear
sex-dependent feeding activity is demonstratedLfdoryoniae(Fig.10). Females feed
about 1.5 times longer compared to males on cobalwith no photosensitizers (i.e.
average feeding duration as long as 13.25 min fenle, while the duration for a male
- 8.45 min (Z=2,21, p=0,027); observation time -n&0). This might be due to the body
size (usually females are bigger than males) aolddpical activity of female. The same
proportion in feeding duration is recorded on lsamtaining HPde and ALA: 13.06 min
and 7.42 min for HPde (Z=2,10, p=0,03) and 13.26 amd 7.55 min for ALA (Z=2,21,
p=0,027) (female/male, respectively). Thus HPde Ab& belong to the compounds
with no deterrent properties far bryoniaecompared to control. Deterrent properties of
methylene blue are significant (Z=2,27, p=0,023) ko bryoniae females with no
deterrent effect for males. AO is in intermediadsipon as feeding on this bait results in
reduced difference in feeding activity between flmmaand males. All tested
photosensitizers did not affect the feeding actiaf L. bryoniae males (statistically
significant differences are absent).

The efficacy of photoactive compounds such as @dss depends on insect’s feeding
intensity and ingestion of the dye. In this contetkte presence of sex-dependent
difference in feeding activity df. bryoniaeflies is of great importance for application
purposes because namely females are responsilileftnopest infestation spreading
(they select host-plants and lay eggs) and for denad host-plants (they penetrate the
leaf surface during feeding).
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Figure 10.Feeding activity of adults of leafmining flidsriomyza bryoniae(both sexes) on the bait
containing different photoactive compounds. ALA—aminolevulinic acid, AO — acridine orange, MB —
methylene blue, HPde — hematoporphyrin dimethyertlC — control. Values marked with different
letters differ statistically significantly withinhe same sex, asterisk indicates significant diffeeein
feeding activity between the sexes (Wilcoxon madagbairs test).

10 paveikslaslLiriomyza bryoniaemaitinimosi masalu su skirtingais fotosensibiliz&is laikas. ALA —
5-aminolevulino #gstis, AO - akridino oranzas, MB - metileno¢lim, HPde - hematoporfirino
dimetileteris, C-kontra@. Skirtingos raids virS stulpely - maitinimosi laiko skirtum statistinis
patikimumas tarp tos pms lyties individy (Vilkoksono Zenkh kriterijus priklausomoms imtims), *-
statistinis patikimumas tarp skirtingos lyties widiy (Vilkoksono Zenky kriterijus priklausomoms
imtims).

Effect of light-activated photosensitizers on surwial of L. bryoniae. For this
experiment the photoactive compounds, which did aféeéct insects feeding activity,
HPde, ALA and AO, were chosen.

Investigating HPde effect on tomato leafminer staly the insects were fed on bait
with HPde and exposed to artificial light. Durinmgadiation experiment the mortality of
50% tomato leafminer males and 100% females wae\ath (Fig. 11). The remaining
males survived for 3 days, whereas the survival. diryoniaein control, untreated male
and female groups, reached 25 and 27 days, resgplgcdfilata presented in Fig. 11 show
a 9-day period only). It was determined that HPgat$elf is non toxic: no significant
decrease in the survival of the insects was obdeaféer their feeding with bait
containing HPde without irradiation. Also no letledfect was induced by irradiation of
L. bryoniaewith visible light (54J/crf) in the absence of HPde.

Investigating AO and ALA effects on tomato leaferinthe same effect of the
photosensitization that was observed using HPdensaschieved. The survival of the
insects in control and treated groups was similasing AO the survival of females in
control and treated groups reached 24 and 25 day$,15, p=0,37), the survival of
males — 18 and 23 days (F=1,17, p=0,36), respégtikésing ALA the survival of
females in control and treated groups reached 1 2&ndays (F=1,25, p=0,31), the
survival of males — 19 and 23 days (F=1,55, p=0/Epectively.
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Figure 11. Survival of Liriomyza bryoniaeafter hematoporphyrin dimethyl ether (HPde) based
photosensitization: the insects were exposed taitacbntaining 150ul 2.5x10M HPde, after 30 min.
irradiated with broad spectrum visible light.

11 paveikslasLiriomyza bryoniagSgyvenamumas po 30min. Svitinimo plataus spektaboma Sviesa.
PrieS bandym vabzdzZiai maitinti masalu, tudiu hematoporfirino dimetileterio (HPde) (1;5(2.5X10_2
M HPde).

Determination of hematoporphyrin dimethyl ether (HPde) amount and its
accumulation in the body ofL.bryoniae. The data obtained indicate that the amount of
accumulated HPde in the body of female is muchdrdhan that accumulated in the
body of male(Fig. 12). Thus our results show that feeding danatvell reflects the
amount of photosensitizer obtained with the fodde Thsert in Fig. 12 demonstrates the
pharmacokinetics of HPde in bryoniae Hence, it is evident that the accumulation of
HPde in the body of an insect is a function of tifvoreover, the amount of HPde
detected in the body of female as well as malegkdst 16 hours after insect feeding on
bait with HPde. Following 48 hours after HPde uptalo detectable amount of the
photosensitizer was found in any insect. Accordiagour fluorimetric studies, the
amount of HPde (inducing insect mortality duringvéual experiments) in the flies was
estimated about 1.2xF@/per insect.

19



R T b - . Thom ) T FE »
- - IMale —11—
- - —— Male
= o
H0.024 — &h
00010 - g /Ll 16 h
5 1 24k
3 0.8 —
=] L
3 P ~-32h
00008 — 90 01z k- _ —— 40 h
= _L:‘\:i
A . ; =& —-4%h

15 20 45
00006 — Time, h -

| 3 3
s | 1\%&_& 7]
00002 B_E;Z &“ﬁ#ﬁé

334
T
?e—- aﬁﬁﬁi - g
E&hhgl‘ﬁéf—? a:n:a:g%: : =
00 EZD 540 520 &40
Wavelength, fitn Wavelength, fun

Fluarescence intensity, relative urts 2 10

Figure 12 Fluorescence spectra of hematoporphyrin dimegiiyer (HPde) during 48h in the single
female and male body. The insert depicts time-tiariaof the integrated luminescence signal with
scattered light subtracted. The curves reflect motation and clearance of HPde in the body of
Liriomyza bryoniae

12 paveikslas.Hematoporfirino dimetileterio (HPde) fluorescenainspektrai Liriomyza bryoniae

pateks ir patirelio organizmuose pgus skirtingam laiko tarpui nuo vabzdZmaitinimo masalu su
HPde;idétiniame grafike — integruotas liuminescencijos aigs laike.
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CONCLUSIONS

. Diurnal rhythm of the feeding activity is chaextstic for polyphagoud..
bryoniae females: females penetrate the plant leaves oatingl the daytime,
about 11% more intensively at the beginning ofgheto phase (4 h after sunrise)
than in the end of the photo phase (1h before $unse

. For feeding and ovipositidn bryoniaeadults choose different host-plants: from
2,5 to 9,5 times more intensively feed on bittersti@olanum dulcamadathan
tomato (ycopersicon esculentymdowny ground-cherryRhysalis pubescejs
deadnettlel(amium albumy white goosefootGhenopodium albujmand lay from
4,3 times more eggs on downy ground-cherry thaerkiveet.

. The highest responses in olfactory receptork. dfryoniae2 ¢ and 33 (EAG)
were evoked by downy ground-cherry volatiles: 0:6@,08 mV in females and
0,84 £ 0,11 mV in males. Deadnettle volatiles evdke same reactions in
females 0,66 + 0,08 mV, however, much smaller inesa&,47 + 0,04 mV
(p=0,055).

. The feeding ofL. bryoniaelarvae influences the behavioural reactions of the
adults to host-plant odour§:d and? < reared on a bittersweet choose the odour
of this plant statistically significantly more oftehan the odour of tomatg;J
and 99 reared on a field bean choose the odour of biteses as often as the
odour of tomato. The behavioural reactiond_obryoniaefemales to host-plant
odour depend on the host-plant on which they fetienearly imaginal stage.

. There are at least 16 chemical compounds inhieed of tomato-emitted
volatiles, to whichL. bryoniaeresponds. Two of them are identified: methyl
salicylate and 4)-3-hexenol. Methyl salicylate (MeSa) is attractiver L.
bryoniae females under laboratory conditions. In the figlis compound is
attractive acting with the yellow visual stimulugleSa is a kairomone fat.
bryoniaeleafminers.

. Hematoporphyrin dimethyl ether (HPd®)tained byL. bryoniaeadults induces
lethal effects in the insects exposed to the shhlduring 5 min. Females die
faster than males: during 30 min. females, durindgggs males. HPde does not
affect the feeding activity df. bryoniaefemales and males.

. The effective photosensitizer hematoporphyrmethyl ether was not detected in
the body of tomato leafminer after 48 h. It eitdeintegrated or was excreted.
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IVADAS

Darbo aktualumas. Bulviné lirijomyza Liriomyza bryoniage priklausanti minamusi
Agromyzidae Seimai — vienas plausiai paplitusi kenkeju pramoniniuose pomidar
Siltnamiuose Lietuvoje ir Europoje (Ostrauskas let 2005). Minamusj lervos minta
lapo parenchiminiais audiniais iéldaugalui daromos zalos zymiai suré@zkultiriniy
augai; derlius ar dekoratyviniaugat; estetirt verg¢ (Parrela, 1987). Nauwj ekologiskai
saugi augal apsaugos priemanipaieSka iSlieka iki Siol aktuali. Téddkairomony ir
netoksini, nemutagenimi ir ekologiSkai neutrali fotoaktyviy organini junginiy
(fotosensibilizaton) kombinacijos panaudojimas augahpsaugai gaty bati viena
realiy perspektyy.

Fotosensibilizatoriai - fotoaktyds organiniai junginiai, kurie geba kaupfisiriuose
organizmuose, tame tarpe ir vabzdzio. Sios medgiadbyvuotos sas ar dirbtires
Sviesos skyla, sukeldamoseetlitotoksiniy reakcij; vabzdzio organizme bei jaiti. Sie
junginiai nemutageniski ir nesukeltarsos problem aplinkoje, kadangi saé8 Sviesoje
Dazniausiai fotosensibilizatoriai dedamivabzdzy kenkéju mitybing terpe, arbai
masal, sudaryt iS maistini medziag (pvz., jvairiy cukn) suckti. Taliau taip pat
reikalinga efektyvi strategija kaip sumazinti tokmasal su fotosensibilizatoriais
patekimy per mityky i nauding vabzdzi; organizm. Siuo atveju vena is galimypbity
naudoti naikinam vabzdzy specifinius atraktantus, kurie pritraukprie masalo su
fotosensibilizatoriumi norimagigis.

Néra abejoni, kad minamuss orientuojasi aplinkoje bei suranda ir afjst&
mitybinius augalusy skleidziamy cheminiy junginiy déka (Zhao, Kang, 2002, 2003).
Tokios Siuos kenus priviliojarcios augal skleidziamos chemés medziagos
priskiriamos kairomonams. T@au kol kas identifikuoti tik viem minamusiy ras —
Lirlomyza sativae priviliojantys kairomonai (Wei et al., 2005). rAktyviy minamusms
cheminiy medziag nustatymas kaip ir minamuselgesini atsak i mitybiniy augalh
skleidziamas medziagas iStyrimas gadsuprasti esminius fiziologinius mechanizmus,
atsakingus uz vabzdygielgsen aptinkant tinkamus mitybinius augalus. Taip paiuio
tyrimy rezultatai paéty ateityje prognozuoti tiek Sio keéjo gausum, tiek plitima, bei
gakty bati panaudoti nawj kovos priemonj, tame tarpe ir paremtfotopesticid
taikymu, sukirime.

Darbo tikslas ir uzdaviniai. Darbo tikslas - nustatyti bulus lirijomyzosLiriomyza
bryoniae mitybiniy augal; skleidziamus kairomonus, bei istirti fotosens#alioriy
poveiki bulvinei lirijomyzai atrenkant efektyviausiai véakcia (sukeliatia letalius
efektus) fotosensibilizuoj&m medziag.

Uzdaviniai:

1) nustatyti bulvigs lirijomyzosL. bryoniaepateliy maitinimosi paros ritryg

2) nustatytiL. bryoniae uosks recepton reakcijasi mitybiniy augal lakiuosius
junginius;

3) ivertinti jvairiy mitybiniy augal; kvapo patrauklumpolifaguil. bryoniae

4) jvertinti polifago L. bryoniae mitybiniy augal; patrauklum suauglio
maitinimuisi ir kiauSigliy déjimui;

5) nustatyti kairomoa (viening medziag ar misin), atraktyw; bulvinei lirijomyzai;

6) rasti efektyy fotosensibilizatoxj, sukeliant letalius efektus, taau neslopinagio
L. bryoniaemaitinimosi;
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7) ivertinti efektyvaus fotosensibilizatoriaus farmakugtika L. bryoniaeorganizme.

Darbo naujumas. Pirma karty nustatytas bulvis lirjomyzos Liriomyza bryoniae
pately maitinimosi paros ritmas, uzregistruotos budgitirijomyzosLiriomyza bryoniae
pately ir patiréliy uoslires reakcijosi mitybiniy ir nemitybinio augal kvapus bei
ivertintas mitybinij augal patrauklumas. Nustatytas pirmas atraktantasomyza
bryoniae raSiai. Naudojant GC-EAD metodik pirma kary nustatytos augalés
chemires medziagos (potencie kairomonai), svarbiod.iriomyza bryoniaeraSiai.
Sukurta originali metodika mitybos fotosensibil@adis elgsenos tyrimamnis bryoniae
raSies pavyzdziu. Pirmkarty palygintas keli fotosensibilizatori efektyvumas pagalyj
sukeliamus letalius efektus ir pagal maitinimosis jdaika Agromyzidae Seimos
minamusgms. Pirma karty nustatytas fotosensibilizatorius, kuris gatitibnaudojamas
kaip efektyvus fotopesticidas kovoje su bulvingjdmyza Liriomyza bryoniaebei
nustatyta per kiek laiko fotosensibilizatorius - nfeoporfirino dimetilo eteris -
paSalinamas i&iriomyza bryoniaeorganizmo. Bendradarbiaujant su Medziagotyros ir
Taikomyju Moksly Institutu, i sukurta metodika buvo pign kara panaudota
fotosensibilizatoriaus kiekio bei farmakokinetikogertinimui pavienio vabzdzio
organizme I(. bryoniaerasSies pavyzdziu).

Moksliné ir praktin ¢ darbo reikSme. Darbo rezultatai papildo Agromyzidae Seimos
dvisparniy chemireés ekologijos bei elgsenos zinias. Jie yra sw¥siib gali kiti taikomi:
identifikuojantLiriomyza bryoniaertSies kairomonus; atliekahiriomyza bryoniaebei
Kity Liriomyza genties @iSiy potenciahly kairomon paieSlg; kuriant monitoringo bei
ekologiSkai nepavojingas kovos priemonésriomyza bryoniae raSiai; atliekant
efektyviai veikiagiy minamuses fotosensibilizataripaieSly; kuriant fotopesticid
panaudojimo ze#s tkio kenkeju gausumo reguliavimui program

Ginamieji darbo teiginiai:

1) mitybiniy augal, kvapo patrauklum bulvinei lirijomyzai L. bryoniae jtakoja
vabzdziy maitinimosi patirtis lervos stadijoje;

2) polifagas L. bryoniae renkasi skirtingus augalus sualig maitinimuisi ir
kiausireliy dejimui;

3) nustatytad.. bryoniaeelgsen veikiantis kairomonas galiali efektyvi, gaudykly
atraktyvum didinanti Siy kenkéjy monitoringo priemoé

4) ekonomiskai svarbus augateniejas L. bryoniaeyra jautrus fotosensibilizacijali,
veikiant hematoporfirino dimetileteriu (HPde).

Darbo aprobavimas ir publikacijos. Disertacijos medziaga buvo pristatyta
tarptautitse  konferencijose: “Gyiny chemire  komunikacija.Fundamentalios
problemos” (Maskva, Rusija, 2006), “23, 24, 25 kasnése Tarptautiss Chemigs
Ekologijos Draugijos konferencijose” (Jena, Vokeeti2007; Pensilvanija, JAV, 2008;
Neuchatel, Sveicarija, 2009). Tynmezultatai paskelbti 5 moksliniuose straipsniu(e
IS ju itraukti i Mokslinés Informacijos Instituto (ISI WOS) duomegrbazes sumpact
faktoriumi) bei 3 konferenajjtezse.

Disertacijos struktira. Disertacijos rankragtsudaro Sie skyriaifvadas, Literatros
apzvalga, Medziaga ir metodai, Rezultatai ur gptarimas (skyrius susideda iS 3
poskyry), ISvados, 168 literatos Saltinp sarasas, autoriaus mokshnipublikaciy
saraSas, Priedai. Disertacijos apimtis — 127 pusiadid lentely ir 37 paveikslai.
Disertacija paraSyta lietuykalba, o disertacijos santrauka — ankgplba.

Padékos. NuosSirdziai @koju uz visokeriop pagally ir patarimus savo vadovui prof.,
habil. dr. Vincui Bidai bei visiems VUEI Chemés ekologijos ir elgsenos laboratorijos
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darbuotojams. Didelis ¢ (dr. Sauliui Pakalniskipi ir dr. Henrikui Ostrauskuz
naudingus patarimus ir pamokymus veisiant bulvimijomyza ir atliekant lauko
eksperimentus, bei Erikui Lutovinovui uz pagaHpitidinant dvisparnij rasis. Dekoju
UAB “Evaldo darzos” direktoriui Evaldui Maseviui ir UAB “Kietaviskiy gausa” uz
galimyke atlikti lauko tyrimus bei VU Medziagotyros ir Taikwju Moksly Institutui uz
fotosensibilizuojatias medziagas. Taip patkbju uz suteiktas stipendijas: Lietuvos
Valstybiniam Mokslo ir Studij fondui ir World Federation of Scientists (Sveigayi bei
Vilniaus Universiteto Ekologijos Institutui uz sk galimyke studijuoti
doktorantiroje.

LITERAT UROS APZVALGA

Siame skyriuje apZvelgiama.iriomyza genties vystymosi biologija, aptariami
minamusiy mitybinio augalo pasirinkim ir atpazinim, lemiantys veiksniai bei i
vabzdzi daroma Zzala ekonomiSkai svarbioms #enukio kultairoms. Literafiros
apzvalgoje taip pat analizuojamos kovos su Siaiekdjais priemors, aptariama
kairomony ir Sviesos aktyvuojam fotoinsekticid; (fotosensibilizator)) naudojimo
istorija bei dabarties perspektyvos.

MEDZIAGA IR METODIKA

Tyrimy objektas — bulvié lirijomyza Liriomyza bryoniae Kaltenbach (Diptera,
Agromyzidae). L. bryoniae buvo auginama ant karklavij@golanum dulcamara
(Solanaceae) ir pupo¥icia faba (Fabaceae) laboratoéimis slygomis. Suaugial
suleidziamij plastikin keturkamp narvel (16 cm auk&o, 7 cm pl@io), kurio virSus
uzdengtas nailono tinkleliu, o appa — poralonu. Narvelyje su 1 patele ir 2-3 paias
patalpinami pirmi SeSi ar astuoni pilnai iSsiskéemugalo lapai. P&gus 3-4 dienoms
narvelis su minamumis perkeliamas ant kito augalo. AugalasLsubryoniaelervomis
apsukamas plastikiniu maiSelipkuri surenkamos IS lapj dirva krentargios lkliukés.
Minamusiy léliukés po viem talpinamos;j stiklinius nmegintuvelius su dégnu filtriniu
popieriumi. Minamué&s veisiamos esant 24 R°C temperatai, bei 15D:9N
fotoperiodui. Spalio-balandzio én. buvo naudojamas dirbtinis apSvietimas -
kaitinamoji, 400 W lempa (DRLF tipo, skirta Siltnaams).

Tyrimuose naudoti augalai: pelkinis karklavij@glanum dulcamaré. (Solanaceae),
pomidoras,Lycopersicon esculentuMill. (Solanaceae), baltoji baland&henopodium
alboum L. (Amaranthaceae), baltaziednotrek, Lamium album L. (Lamiaceae),
plaukuotoji dumpiné, Physalis pubescens (Solanaceae), pupsdjcia faba(Fabaceae),
rauksSEtalapis ersktis, Rosa rugosa hunb. (Rosaceae).

Tyrimuose naudoti fotosensibilizatoriai: hematdporo dimetileteris (HPde),
akridino oranzas (AO), metilenodfis (MM) bei protoporfirino PplX pirmtakas 5-amino
levulino rmgstis (ALR) (“Merck”, JAV). Minrttos medziagos buvo istirpintos
fiziologiniame tirpale (2.5x16M) ir iki bandymy laikomos -10°C.

L. bryoniae pateliy maitinimosi_elgsenos tyrimal. bryoniae pateliy maitinimosi
paros ritmas stetas 2005 m gegéz nen. laboratorijoje, esant riatliam fotorezimui
(sauk tekgjo — 5 val., leidosi — 21 val.) bei 21 + 2C° tengi@rai. Pately stelgjimas
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buvo pradedamas 11 val. ryte gsiamas vig pam, t.y. 24 val. Tyrinp metu buvo
skatiuojami 1 dienos amziaus pateliper 1 val. ant 1 karklavijo lapo padaryti
maitinimosi pazeidimai. Vienu metu buvo stebimo$ $atets. IS viso stedda 16
bulvinés lirjomyzos pateli. Statistirt analizZ atlikta naudojant t-stjudento kritayij

L. bryoniae antem sensiliy reakcip i lakiasias chemines medziagas registravimas.
Stikliniai kapiliarai buvo uzpildomi fiziologiniuitpalu (NaCl, 0,9%) ir uzmaunami ant
Ag elektrod;. Vabzdzio galva atskiriama nuairko, kairiosios antenos aristos galiukas
nukerpamas. Vienas kapiliaragedamasg galvos ertm, kitas sujungiamas su nukirpta
arista. Pastovi oro sréy prasjusi anglies filtrus ir oro dikintuva, tekéjo 1,2 mL/min
grekiu stikliniu vamzdeliu (@ 6 mm), kurio galas nuotemos buvo nutegk 1 cm
atstumu. Oras su testuojamomis chemis medziagomis (tai oras, pjes pro pastero
pipet su filtrinio popieriaus (Whatm&nl, Anglija) gaballiu (2 mm x 0,5 mm), ant
kurio buvo uzneSama 6 mg testuojamo augaldigubé mL/s gretiu buvo jputiamasi
pastovios oro sras srau 0,5 s laikotarpyje ir tokiutmu pasiekdavo vabzdzio anten
Statistinei analizei naudotas Vilkoksono zenktiteriju priklausomoms imtims.

Mitybiniy augah ir sintetints chemigs medziagos patrauklumo bulvinei lirjomyzai
jvertinimas naudojant Y-tipo olfaktometrTyrimuose naudojamas Y tipo olfaktometras
(pagrindinio vamzdelio ilgis — 10 cm; at$akgis — 12 cm; iSsiSakojimo kampas - 45°;
vidinis diametras — 0,6 cm). Oro stowv30 mL/min greiiu buvo leidziama per
aktyvuotos anglies filtrus, oro &intuvus ir stiklines talpasj, kurias buvo talpinami
kvapy Saltiniai (6-8 pilnai iSsiskleid mitybinio augalo vir8nés lapai arba 1,5 mL
plastikinis negintuwelis, pripildytas 0,5 mL testuojamo sintetinio jungs). Bandyme
buvo testuojami tik nesiporavl dienos suaugjai. Patireliai prieS bandyra maitinami
nebuvo. Paték prieS bandym~ 24 val. galjo maitintis vienu iS dviej poroje esafiy
mitybiniy augal;, viem iS kuriy olfaktometrinio bandymo metu t&davo pasirinkti.
Patets ir patireliai po viery buvo leidziamii olfaktometr bei stebimi 5 min. Bandymai
buvo atliekami dienos metu tarp 9 ir 18 val., es2hit+ 2°C temperatai. Rezultai
statistire analiz atlikta naudojang? kriterijy.

L. bryoniae pately maitinimuisi ir kiauSigliy déjimui tinkamo augalo pasirinkimo
tyrimai. Bandymai atlikti su bulvine lirijomyza, kuriosries vysesi maitinantis pup
Vicia fabalapais. Tyrimo slygos tokios pat kaip ir veisiant. bryoniae,tik | veisimo
plastiking inda talpinami 2 mitybiniai augalai. Po 5 digmarvelis su minamémis
nuimamas nuo augalr suskatiuojamos augal lapuose pateli mitybos metu padarytos
pazaidos. Po 3 — 5 digns pacaty kiauSireliy iSsirita lervués, kurios tuoj pat pradeda
maitintis ir ant augal lapy pasirodo minos. Kadangi buvo svarbu sulkaii
apvaisintus kiauSitius, tai buvo nustatomas mirskatius ir vertinamas kaip seétl
kiauSireliy skatius. Statistinei analizei naudotas Vilkoksono Zzenkkriterijus
priklausomoms imtims.

Duju _chromatografijos ir EAG registravimas vienu meC{(EAD). Testuojamos
pomidoro lakiosios medziagos buvo surenkamos iS (adsorbentas Porapak Q) ir
hidrodistiliacijos metodu. 2uL tirpalo injekuojama “splitless” rezimui duju
chromatograf (DC) Clarus 500 (Perkin Elmer) smontuota EliteWax kolo¥é (30 m x
0.25 mmx 0.25um) ir papildomu i8jimu (temperairos reguliatorius, TC-02, Syntech).
Injektoriaus, detektoriaus ir EAD perdavimo linijaesmperairos buvo atitinkamai
230°C, 240°C ir 240°C. DC termostato tempa@tprogramuojama sek&iai: 2 min.
izotermire 40°C temperatra, po to 6°C/min greiu temperatra kilo iki 150°C, tada
20°C/min gretiu vel kilo iki 240°C ir $i temperdira palaikoma 5 min. Vandenilis -
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dujos-nes§jos (4 mL/min), azotas - pagallés dujos (4 mL/min). IS kolamés igjusios
testuojamo misSinio medziagos buvo suskirstonioslvi dalis: viena dalis (50%)
nukreipiama; LJD, kita (50%) -4 EAD. EAG registravime naudotas sigmnaujungimo
itaisas (IDAC 4, Syntech, Olandija), duomenys kampi& analizuojami naudojant
kompiuteriniy programy paket GCEAD version 4.4 (Syntech, Olandija).

Kai kurios pomidoro skleidziamos medziagos,éusios pastoviu&. bryoniaepateliy
ir patirgliy antem atsakus, buvo identifikuotos nét dup chromatografu panaudojus
cheminius standartus bei HP 5890wapromatografu su HP 5971 maselektyvumo
detektoriumi (DC/MS).

Metilsalicilato biologinio aktyvumo testavimas laukalygomis. Lauko tyrimai atlikti
1 ha pomidag Silthamyje (KietavisSks, KaiSiadon raj.), rugpjicio meén., bei 0,5 ha
saloty ir prieskonini; augal Siltnamiuose (Sakalai, Satinky raj.), rugsjo men. (2006).
Geltonos (25%13cm) (Biobest N.V., Belgija) ir alitmo folijos (20x16cm) (pagamintos
IS TetraPak sdly pakely, iStepty ,Pestifix“ (Tartu, Estija) klijais Vilniaus Univesiteto
Ekologijos Instituto Chemiss ekologijos ir elgsenos laboratorijoje) spalvasnibs
korteks buvo iSkabintos ant varipivieluy ~30 cm aukStyje nuo augalirsiniy Prie
kiekvienos gaudykls 2 cm aukStyje nuo centro buvo tvirtinami 2 mL pts
plastmasiniai régintuvéliai su 0.25, 0.5 ir 1 ml metilsalicilato (MeSa99%, Carl Roth
GmbH, Germany) ir lengvai uzkemSami vatos gahal Kontrolinése gaudykise
mégintuwéliai paliekami tusti. Gaudykk iSkabintos trimis &imis, 12 m atstumu viena
nuo kitos, atsitiktine tvarka. Kiekvieno bandymdikdit trys pakartojimai. Po 10 dien
KietaviSkiy ir po 14 diem Sakal, Siltnamiuose gaudyk$ buvo surenkamos, sugavimai
analizuojami naudojant Kruskalio-Voliso rangkriteriju nepriklausomoms imtims.

Minamusi; maitinimosi _masalu su fotosensibilizatoriais elgs®e registravimas.
Minamusiy suaugliy mitybos masalu su fotosensibilizatoriumi aktyvumbavo
vertinamas pagal laik kuri vabzdys praleido demonstruodamas mitybos elges
(besimaitinantis vabzdys buvo Salia mitybos Saitimasalo) su nuleista zemyn galva ir
iStiestu straubliuku), vabzdstebint 30 min. Registruojant mitybos/nemitybogesio
akty trukme buvo naudojama originali kompiuterio programa,diesi vienu metu
registruoti 5 suaudiu elges, vienam suaugiui priskiriant atskip kanah, tai yra atskig
klaviatiros (paspaudimo/atleidimo) mygtuk Mitybos/nemitybos elgesys buvo
registruojamas paspaudziant/atleidziant kompiutddmviatiros mygtuly. Stelgjimas
atliktas prie raudonos Sviesos, 22 £€1Raudona Sviesa uztikrino fotosensibilizatoriaus
stabiluma masale. Minamus steljimo metu buvo maitinamos individualiuose
mégintuvéliuose. Mitybos Saltinis — poralono gadled sudegkintas masalu (1 mL
cukraus/vandens tirpalo (koncentracija 0,2 g/mL) irl50 puL
fotosensibilizatoriaus/fiziologinio tirpalo misini¢koncentracija 2,5xI0 M). Tyrimai
atlikti su nemaitintais, 8-24 val. amziausbryoniaepatireliais ir pateémis. Kiekviery
kontroling ir testuojam vabzdzy grup sudaé 15 suaugliy. Statistie maitinimosi
skirtumy analiz atlikta naudojant Vilkoksono zenkkriterijy priklausomoms imtims.

Fotosensibilizaton toksiSkumoL. bryoniaeminamusms vertinimas Kontroliné

vabzdziy grup: maitinosi tik cukraus tirpalu (0,2 g cukraus/1 whistiliuoto vandens), o
testuojamoji — cukraus tirpalu su fotosensibilizatmi. Abi vabzdzy grupes buvo
maitinamos 15 val. tamsoje ir 5 val. prie raudofoigsos esant 22 = 1°C tempaerat.
Vabzdzi Svitinimui buvo naudojamas dirbtinis Sviesos &adti sudarytas iS volframo
lempos (500W), optiés sistemos Sviesos fokusavimui ir optinio filtro UW
infraraudomjy spinduliy eliminavimui (370 nm <. < 680 nm). Sviesos intensyvumas
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lasteliy lygmenyje — 30 mW/cf VabzdZiai buvo 3vitinami 30 min., sunaigvitinimo
doz nevirSijo 54 J. Po Svitinimo iSgyverwvabzdziai buvo maitinami cukraus tirpaly, j
mirtingumas registruojamas kiekviediera. Tiek testuojarga, tiek kontrolirg vabzdzi
grupe sudaé 10 patelp arba patigliy. Atlikti 2-3 eksperimento pakartojimai su
kiekviena grupe. Standaréirpaklaida skaiuojama kiekvienam eksperimento taskui ir
grafikuose zymima kaip atkarpa. Statistifgyvenamumo anakizatlikta naudojant
Cox'o F test.

Fotosensibilizatoriaus farmakokinetikos vertinimadzdzZio organizmePo vabzdij
maitinimo masalu su fotosensibilizatoriumi 48 vhlikotarpyje kas 8 val. vabzdyi
grupes po 12 suaudiy (patireliy arba pateli) buvo uzSaldomos -18°C tempéraie ir
nustatomas fotosensibilizatoriaus kiekisgrganizme. Vertinant HPde farmakokinatik
L. bryoniaeorganizme buvo tiriamas HPde fluorescencijos isygnmas uzsSaldytuose
vabzdziuose. Fluorescencijos spektrai buvo uzraSmmi kiekvieno atskiro individo
590-650 nm bangos ilgiruoze. Kadangi vabzdgidydis buvo 1 - 2 mm, tai leido
nustatyti HPde fluorescengij nuo viso vabzdzio dno. Fotosensibilizatoriaus
farmakokinetika vabzdzio organizme buvo registro@a naudojant standariin
liuminescencin spektromet. Suzadinimui sukelti naudojamas Swieskleidziantis 2
mW galingumo diodas, (skleidziamos Sviesos banigis 41 394 nm). Sumikh apSvitos
doz - mazesanei 0,5 J (zymiai mazesz naudat vabzdzy iSgyvenamumo testuose).
Diodo skleidziama Sviesa ant vabzdzign& iSsi¢stt 2 mm skersmens taske. Antrinis
spinduliavimas nuo vabzdziotko buvo surenkamasSiy sistema ir iSsklaidomas
dvigubo monochromatoriaus (Jobin YvonModel HRD-agalba. Duomansurinkimui
naudotas atsintas fotodaugintuvas (Hamamatsu R1463P) sujungtasfotonus
skatiuojarctia sistema. Visi matavimai atlikti kambario tempéaraje. Atlikti 3
bandymo pakartojimai su kiekviena vabzaggrupe.

REZULTATAI IR J U APTARIMAS

L. bryoniae pateliy maitinimosi paros ritmas. Kairomony tyrimy pradiniame etape
buvo svarbu nustatyti bulvs lirjomyzos maitinimosi paros ritqin kadangi nuo gaut
rezultaty priklaus, kokiu paros metu bus atliekami tolimesni tyrimgisig su mitybini
augal pasirinkimu. Bandyme buvo stdbs tik pateds, kadangi tik jos geba lape
padaryti maitinimosi pazeidimus, taigi yra atsakiegiz mitybinio augalo pasirinkim
bei darom Zah. Liriomyza bryoniaepately didziausiasmaitinimosi intensyvumas
(saulei tekant 5val., o leidziantis 21val.) yra 8l.vryte (p<0,01, pagal t-stjudento
kriterijy). Po to patels beveik tolygiai maitinasi vasdier iki sauklydzio (1 pav.)

L. bryoniae anteny sensiliy suminés reakcijos (EAG) i augal kvapus. Liriomyza
bryoniae pately ir patireliy reakcijos i mitybiniy augal (karklavijo, pomidoro,
baltazieds notre¢s, plaukuotosios dumphés) kvapus skiriasi statistiSkai patikimai nuo
reakcijos i nemitybinio augalo (rauk&kalapio erSkcio) kvam (2 pav.). Taip pat
pastebti reakcijy skirtumai, priklausantys nuo minamuslyties: didziausias pateli
anten; sensiliy reakcijas iSSauk plaukuotoji dumpiné (0,62+0,08 mV) ir baltazied
notreé (0,66+0,08 mV), o patisliu - tik plaukuotoji dumpiné (0,84+0,11 mV).
Notreks kvapas sudes didziausi reakcip pateéms, patigliams suklé tik nedidet,
0,47+0,04 mV dydzio reakaij (Z=1,92, p=0,055). Tuo tarpu visais Kkitais atvejai
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patireliy antem sensiliy reakcijosj mitybiniy augal; kvapus buvo Siek tiek didesnei
pateli, nors statistiSkai patikimai ir nesiskyr

Mitybini y augaly kvapo patrauklumas L.bryoniae. Pirmiausiai buvo tiriamos
bulvinés lirjomyzos suaugiy reakcijosi augalo, ant kurio jos buvo veisiamos, kyap
tai yra minamu&s Y-tipo olfaktometre gajo rinktis arba gryno oro sregy arba oro
srow su augalo (karklavijo) kvapu. Bandymo metu iS&ySkskirtumai tarp pateli ir
patireliy pasirinkimo (3 pav.). Tik prieS bandynant augalo pasimaitinusios patel
patikimai daZniau rinkosi oro srevsu augalo kvapu nei gryno oro sgofy’ = 6,25,
p<0,012). Nesimaitinusios patsloro srog su augalo kvapu rinkosi tiek pat daznai kaip
ir gryno oro srog. Tai leidzia manyti, kad patghs renkantis mitybinauga svarky
vaidmen vaidina patirtis. Skirtingai nuo patelnemaitinti patigliai patikimai dazniau
rinkosi oro srog su augalo kvapugt = 4,0, p<0,05). Kadangi patiiams svarbu surasti
jau paZzeist augad, buvo tiriamos iry reakcijosi augalo, ant kurio prieS eksperimgnt
maitinosi bulvires lirjomyzos patels, kvap. T&iau jokiy pasirinkimo skirtum
pastebta nebuvo (3 pav.).

Vertinantjvairiy mitybiniy augal; kvapo patrauklumbulvinei lirjomyzai tiek pateli,
tiek patireliy atveju iSsisky¢ vienas augalas — karklavijas. Palimms Sio augalo kvapas
buvo patrauklesnis uz kittyrime naudai mitybiniy augal, kvapus (4 pav.). Patehs
karklavijo kvapas nebuvo visais atvejais patrauidias, téiau tai vienintelis augalas
kurio kvapas 4 (iS5 7 atlig) pasirinkimo tyrimuose buvo statistiSkai patikimai
patrauklesnis uz kit tuose tyrimuose naudptaugah kvapus. Bulvigs lirjomyzos
patekms karklavijo kvapas buvo patrauklesnis uz pomidomtrebs (tuo atveju, kai
prieS bandyra pateés maitinosi notrele), bei balandos (tuo atveju, [aesS bandyr
pateks maitinosi karklaviju) kvap (5 pav.). Atsizvelgiani tai, kad karklavijas yra
augalas, kuriame vysi minamuss (daugiau nei 3 kartos) naudotos Siame bandyme,
galima daryti prielaid, kad L. bryoniae augah-Seimininky renkasi pagal Hopkinso
principa, t.y., kad dauguma vabzdzisuaugliu pirmenyle teikia tiems augalams-
Seimininkams, kuriais jie mitoddami lervos stadijoje. by prielaich, kad bulvires
lirjomyzos patets ir patireliai renkasi karklavijo kvap labiau nei kitus & igytos
patirties lervos stadijos metu patvirtina kito bame rezultatail. bryoniaesuaugliai
uzaug misdami pup Vicia faba lapu parenchiminiais audiniais pasirinkimo tarp
karklavijo ir pomidoro kvap Y-olfaktometre metu pirmenys karklavijo kvapui
nebeteik (6 pav.).

Taip pat Sy olfaktometriny bandymy metu buvo pastéba, kadL. bryoniaepately
augalo pasirinkinp gali modifikuoti u patirtis ir ankstyvojoje suasljo stadijoje. L.
bryoniaepately pasirinkimas tarp dviejaugal; kvapy dar priklauso ir nuo to, kuriuo i$
augal; jos maitinosi pries pasirinkign5 pav.).

Augalo tinkamo L. bryoniae pateliy maitinimuisi ir kiauSin éliy déjimui
pasirinkimas. Analizuojant tyrimo metu gautus rezultatus galireigti, jogL. bryoniae
maitinimuisi patraukliausias ir tinkamiausias mityb augalas (i bandyme tjjt —
karklavijas S. dulcamara(7A pav.). Taigi karklavijas pagal savo striukhes ar
maistines savybes bei skleidziamas chemines meazibglvires lirjomyzos mitybai
yra labiau tinkamas nei pomidoras, baltaziedtrek, plaukuotoji dumpiné ar baltoji
balanda.

Vertinant bulvirgs lirjomyzos tinkamo augalo kiau®iing déjimui pasirinking, taip
pat galima iSskirti viem augad, tai - plaukuotoji dumginé (7B pav.). Cia reikéty
atkreipti cmeg ir | elekrofiziologiniy bei olfaktometring tyrimy rezultatus. Dumjpiné
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sukelé vienas iS didziausi L. bryoniaepately (taip pat ir patialiy) antem sensily
reakcijas. Taip pat plaukuotoji dumapE buvo vienintelis augalas, kurio kvapas
olfaktometriniuose bandymuose savo patrauklumu lgate nenusileido karklavijo
kvapui tiek bulvires lirjomyzos patéims prieS bandym maitinantis karklaviju, tiek
dumphine. Taigi galima daryti prielasgd kad plaukuotoji dumphé skleidzia medziagas,
skatinariasL. bryoniaepately kiausSireliy déjima.

Potencialis, L. bryoniae elgsen lemiantys kairomonai. IS auk§iau aptan rezultat,
matyti, kad iSrinkti viem, patraukliausi L. bryoniae mitybinj augah labai sunku.
Polifagas mitybinaugal renkasi priklausomai nuo jo fiziologia biklés, nuo mitybinio
augalo tinkamumo maitinimuisi ir kiaugiing déjimui, nuo vabzdzioijgytos patirties
lervos stadijoje. Kairoman tyrimams buvo pasirinktas pomidorasycopersicon
esculentumdél keliy priezagiy: jis buvo vienas patraukliausiaugal bulvinés
lirjomyzos kiauSigliy déjimui; tai vienas geriausiai chemiskai isfirtbulvinés
lirjomyzos mitybiny augatl;, kas palengvina kairomandentifikavima; tai ekonomiskai
svarbus augalas, labai daznai &antis nuo migto kenkjo antpuoliy pramoniniuose
Siltnamiuose Lietuvoje (Ostrauskas et al., 2003udbjant DC-EAD metodik buvo
nustatyti 7 junginiai iS oro surinktame pomidordesttziam; lakiyju medziag misinyje,
kurie suklé didziausius ir pastoviuls. bryoniaepately antem sensiliy atsakus (8 pav.).
Daugumos miéty aktyviy junginiy kiekiai buvo labai mazi, tadl kol kas identifikuoti
tik du iS . Tai — metilsalicilatas ir4)-3-heksenolis. MiSinio, gauto hidrodistiliacijos
metodu, analiés metu nustatytos dar 9 medziagos,éhugios pastoviud.. bryoniae
pateliy antem sensiliy atsakus. Taigi iS viso nustatyta 16 pomidoro skieimy
medziag, kurios yra svarbiog. bryoniaepatetms aptinkant ir atpagtant pomidag.
Atliekant tokius pat tyrimus su bula lirjomyzos patigliais, pastarieji reagavptas
p&ias pomidoro skleidziamas medziagas kaip ir patel

Metilsalicilato kairomoninés savylés. Lauko bandym KietaviSkiy pomidor
Siltnamiuose metu nustatyta, kad metilsalicilatsle$a) yra atraktyvug. bryoniae ir
kad jo atraktyvum jtakoja gaudykli spalva.

Buvo nustatytas statistiSkai patikimas MeSa ayrakhas bulvinei lirjomyzai
naudojant geltonas gaudykles (sugautdividy skatiaus vidurkis geltonose, MeSa
turinciose gaudykdse — 12,3 = 0,7 vabzdziai/gaudgkl geltonose kontrolisse
gaudykkse be MeSa — 5,5 £+ 1 vabzdziai/gaudyk(H=3,85, p<0,05) (9 pav.). MeSa
padidino gelton gaudykly patrauklum beveik 2,2 karto.

Lyginant L. bryoniae sugavimus aliuminio folijos spalvos gaudykiis statistiSkai
patikimy skirtumy gauta nebuvo (sugauindividy skatiaus vidurkis MeSa turifiose
gaudykkése — 1,33 + 0,20 vabzdziai/gaudyjklkontrolinése gaudykdse — 0,66 = 0,33
vabzdziai/gaudyk) (9 pav.). Taigi MeSa d&ra atraktyvuslL. bryoniaertSiai, kuomet
naudojamas su aliuminio folijos spalvos gaudgkk. Bulvirgs lirjomyzos sugavim
skirtumai tarp dviej kontroliniu gaudykly grupiy buvo gauti dl skirtingos gaudykli
spalvos: geltonos spalvos kontrékngaudykts buvo kur kas patrauklesuz aliuminio
folijos spalvos kontrolines gaudykles (H=4,09, @34R) (9 pav.). Naudojantis Sia savybe
buvo kuriamos komercés gaudykts (geltonos lipnios korte$) (Parella, 1987).
Literatiiroje duomen apie kombinuet dvieju stimuly (regimojo ir uodziamojo) poveik
Agromyzidae elgsenai rasta nebuvo.

Gauti duomenys apie MeSa kaip augadikilmés atraktant augatdziams vabzdziams
leidzia § jungini priskirti kairomonams. MeSaéra specifinisL. bryoniaeatraktantas: Si

29



medziaga privilioja dar 3u8iy dvisparnius, priklaus&us Syrphidae Seimai (Molleman
et al., 1997).

Tirlant MeSa patrauklum bulvinei lirjomyzai laboratoribamis salygomis Y
olfaktometre, iSryS§o skirtumai tarp skirtingos lyties individ Olfaktometring
bandymy metu buvo nustatyta, kad tik patelpatikimai dazniau renkasi oro s¢osu
metilsalicilato kvapu (72%)yf = 4,84, p=0,03, n=25). Patiiems taip pat tidinga
tendencija dazniau rinktis oro skposu MeSa kvapu (58%) nei oro sedve MeSa kvapo
(42%), nors statistiSkai patikimo skirtumo nenugtat (*> =0,67, p=0,41, n=24).
Skirtumus tarp patali ir patireliy elgesiny reakcip gakjo lemti tyrimuose naudota
MeSa doz, kuri gakjo bati optimali patetms, bet ne patiiiams.

MeSa yra pirmas ir vienintelis atraktantas idekuibtas ekonomisSkai svarbidi.
bryoniae ridiai. Gauti rezultatai svafiB taikymo aspektu. Siuo metu geltonos lipnios
korteks yra naudojamos kaip monitoringo prierdaokgromyzidae @iSims tiek mazose,
tiek dideliuose pramoniniuosgiuose. Remiantis gautais rezultatais galima tekgd
sintetinis metilsalicilatas galidi efektyvi papildoma priemanpadidinanti gaudykij
patrauklum ir taip padidinanti monitoringo priemanjjautruma®.

Lauko bandym metu buvo nustatytos dar dvi dvisparmiSys, kurioms MeSa buvo
patrauklus. TaDrosophila busckiiCoquillett (Drosophilidae) iPollenia rudisFabricius
(Calliphoridae). Bendras pagautiSiy skatius geltonomis gaudykiis su MeSa buvo
3255 D. busckiiir 166 P. rudis Kontrolinése geltonose gaudyde atitinkamai buvo
pagauta 46 ir 51 gidvisparny rasiy.

D. busckiisugaviny vidurkis geltonomis, MeSa tudiomis gaudyké¢mis (814 + 55
vabzdziai/gaudyk)) statistiSkai patikimai skysi nuo sugavim vidurkio kontroliremis
gaudykemis be MeSa (12 + 4 vabzdziai/gaudykl(H=5,33, p = 0,02). MeSa yra pirmas
Siai ruSiai identifikuotas atraktanta$?. rudis sugaviny vidurkis geltonomis, MeSa
turinéiomis gaudykémis (42 £ 4 vabzdziai/gaudyd) taip pat statistiSkai patikimai
skyrési nuo sugavim vidurkio geltonomis kontroliemis gaudyktmis be MeSa (13 + 4
vabzdziai/gaudyk) (H=5,39, p = 0,02). Nors geltona spalva pati dypatraukli Siai
raSiai, MeSa statistiSkai patikimai padidino gaudykpatrauklum, todl gali biti
priskiriamasP. rudisatraktantams. Tai yra antras atraktantas, nuasagyai @iSiai.

L. bryoniae mitybos masalu su skirtingais fotosensibilizatories aktyvumas.
Bulvinés lirjomyzos mitybos aktyvumas tiek masalu,kurio sucatj jéjo skirtingi
fotosensibilizuojantys junginiai, tiek kontroliniumasalu be fotosensibilizatoriaus
priklauso nuo vabzdzio lyties. Patgll,5 karto ilgiau maitinosi kontroliniu masalu nei
patiréliai (pately vidutineé maitinimosi trukné 30 min. laikotarpyje — 13,25 min., o
patirtliy — 8,45 min. (Z=2,21, p=0,027)) (10 pav.)j Skirtumy gakjo lemti tiek
skirtingos lyties vabzduikiino mass skirtumai (patés stambests uz patiglius), tiek
pateliy biologinis aktyvumas. Tokios pi@s maitinimosi trukms proporcijos buvo
registruotos minameéss maitinantis masalu, kurio sudtj i¢jo HPde arba ALR:
maitinantis masalu su HPde paieliidutiné maitinimosi trukné buvo 13,06 min., o
patiréliy — 7,42 min. (Z=2,10, p=0,03), maitinantis masaluAd.R atitinkamai 13,26
min. ir 7,55 min. (Z=2,21, p=0,027). Tad HPde ir Rlngtakoja L bryoniae pateli
maitinimosi lyginant Sias dvi medziagas su kontrdleo tarpu metileno alis pasizymi
deterento savymis, kadangi zymiai sutrumpina patelmaitinimosi masalu laik
(Z=2,27, p=0,023). Akridino oranzas pagal deteBkatmoL. bryoniaepateéms laipsim
priklauso tarpiniams junginiams. Pai®is ir patirtliams maitinantis masalu su ndia
fotoaktyvia medziaga mitybos aktyvumo skirtumaiptdyciu sumagjo. L. bryoniae
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patiréliy maitinimuisi visi mireti fotosensibilizatoriaitakos nedaro (statistiSkai patikim
skirtumy néra).

Fotoaktyviy junginiy efektyvumas priklauso nuo vabzdznaitinimosi jais aktyvumo,
tai yra nuo patekusiq vabzdZio organizm fotosensibilizatoriaus kiekio. Siame
kontekste msy bandymo metu nustatyti mitybos aktyvumo skirturtepp pately ir
patireliy yra labai svariis taikymui, kadangi tik pated atsakingos uz keaj paplitima
(pasirenka mitybinius augalus ir deda kiagbus) bei mitybiniams augalams darem
Zah (geba pradurti lapo pavitgmaitinimosi metu).

Sviesos aktyvuo fotosensibilizatoriy poveikis L. bryoniae iSgyvenamumui.
Fotosensibilizatot poveikio bulvinei lirjomyzai efektyvumo tyrimamsuvo pasirinkti
tie fotoaktyvis junginiai, kurie vabzd#imitybos aktyvumo nekeit HPde, ALR, AO.

Tiriant HPde poveikbulvinei lirjomyzai, vabzdziai buvo maitinami nes su HPde
ir Svitinami dirbtiniu Sviesos Saltiniu. Jau Svitho bandyma metu Zzuvo 50% bulviis
minamuss patireliy ir 100% pateli (11 pav.). Likusieji patiéliai iSgyveno iki 3 pau.
Tuo tarpu patisliai kontrolinéje grugje iSgyveno iki 25 par, o patets - iki 27 pay
(duomenys pateikti 11 pav. rodo tik 9 dieperiodi). Nustatyta, kad pats HPdeéra
toksiSkas: nebuvo pastgh jokio zZymaus bulvigs lirjomyzos pateli ir patirgliy
iISgyvenamumo sumaimo po ju maitinimo masalu su HPde nesant Svitinimui. Tap p
jokio poveikio nesuéé ir vabzdzi; Svitinimas matoma Sviesa (54J), kai vabzdziai buvo
maitinami masalu be HPde.

Tiriant AO ir ALR poveik bulvinei lirijomyzai panaSaus fotosensibilizacijpsveikio,
koks buvo stettas naudojant HPde, nustatyta nebuvo. Vabzd&gyvenamumas tiek
kontrolinéje, tiek testuojamojoje grépe buvo panasSus: naudojant AO pstel
kontrolineje grugje iSgyveno iki 24d., o testuojamojoje - iki 25dk=(Q,15, p=0,37),
patiréliai — atitinkamai iki 18d. ir iki 23d. (F=1,17, |0:36); naudojant ALR patés
kontrolineje grugje iSgyveno iki 19d., o testuojamojoje - iki 25d&=(,25, p=0,31),
patirgliai — atitinkamai iki 19d. ir iki 23d. (F=1,55, 0516).

Hematoporfirino dimetileterio (HPde) kiekio ir jo akumuliacijos L.bryoniae
organizme nustatymas.Gauti duomenys rodo, kad santykinis HPde kiekisjksws
bulvinés lirjomyzos pateds organizme yra daug didesnis uz HPde ikipéatirélio
organizme (12 pav.). Taigi Sie duomenys rodo, kadtimimosi trukné gerai atspindi su
maistu gaunamo fotosensibilizatoriaus ki€kaip patidétinis grafikas 12 paveiksle rodo,
kad HPde akumuliacij&. bryoniaeorganizme priklauso nuo laiko. Didziausias HPde
kiekis tiek pateis, tiek patino organizmetiba prajus 16 val. po vabzdi#i maitinimo
masalu su HPde. Ryas 48 val. po HPde patekimo su maistu tiepately, tiek i
patireliy organizm, fotosensibilizatoriaus vabzdziuose rasta nebuRemiantis
fluorimetriniais tyrimais buvo apskauotas HPde kiekis minamése, sukles ju
mirtinguma minéty iSgyvenamumo eksperimeninetu. Tai — 1,2x10g/vabzdZiui.
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ISVADOS

Polifago L. bryoniae pateéems hidingas maitinimosi paros ritmas: pé&tel
perforuoja mitybinio augalo lapus tik Sviesiuoju@ametu, apie 11% intensyviau
fotofazs pradzioje (4 val. po sawékio) nei fotofazs pabaigoje (lval. iki
sauklydzio).

L. bryoniae suaugliai maitinimuisi ir kiauSigliy déjimui renkasi skirtingus
augalus: nuo 2,5 iki 9,5 kartintensyviau maitinasi karklaviju Splanum
dulcamarg nei pomidoru I(ycopersicon esculentym dumphine Physalis
pubescens notrele [amium albumy balanda Chenopodium album o
kiausSirelius deda nuo 4,3 kartdaugiau ant dumphés nei karklavijo.

L. bryoniae 29 ir &34 uosks receptoni didZiausias reakcijas (EAG) sukelia
dumplinés iSskiriamos lakiosios medziagos: 0,62 + 0,08 natepms ir 0,84 +
0,11 mV patinams. Notréd medziagos sukelia tokias pat reakcijas patel0,66
+ 0,08 mV, t&iau kur kas mazesnes patinams 0,47 + 0,04 mV (50,0

L. bryoniae elgesines reakcijag mitybinio augalo kvap ijtakoja lervos
maitinimasis: 34 ir 29 uzauginti ant karklavijo, Sio augalo kvapenkasi
statistiSkai patikimai dazniau nei pomidorgd ir 9 uzauginti ant pupos
karklavijo kvam renkasi taip pat daznai kai ir pomidoro. bryoniae pateliy
elgesirgs reakcijosi mitybinio augalo kvagp priklauso ir nuo augalo, kuriuo
maitinosi ankstyvojoje suadlip stadijoje.

Pomidoroj aplinka skleidziany medziag miSinyje yra ne maziau kaip 16
cheminiy junginiy, i kurias reaguojal. bryoniae IS jy identifikuotos dvi:
metilsalicilatas ir Z)-3-heksenolis. Metilsalicilatas (MeSa) yra patidaskL.
bryoniae patetms laboratorijos gygomis. Lauko slygomis Si medziaga
atraktyvi veikdama kartu su geltonos spalvos regionustimulu. MeSal.
bryoniaeminamugms yra kairomonas.

I L. bryoniaesuaugliy organizm pateks fotosensibilizatorius hematoporfirino
dimetileteris (HPde) per 5 min. sukelia letaliugkefis vabzdziams patekus
saubs Svieg. Pateds Zista gretiau nei patigliai: per 30 min. paték, per 3 paras
patireliai. HPdeL. bryoniaepateli ir patiréliy maitinimosi n¢gtakoja.

Efektyvaus fotosensibilizatoriaus hematoporérimdimetileterio per 48 val.
bulvinés lirjomyzos organizme nelieka. Jis paSalinamas auskyla.
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