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Summary in English:

Plum Sawflies Hoplocampa flava L. and Hoplocampa minuta Christ are the main pests
of European plum. Currently control measures are exclusively based on application of
synthetic pesticides in time of fetal fall and no other measures are available for
commercial production. Therefore, the aim of this investigation was to evaluate the

potential of entomopathogenic nematodes (EPN) as biocontrol agents of these pests.

First, a national survey on the presence of EPN was conducted on the territory of Bosnia
and Herzegovina. In total, 221 soil samples were collected and the presence of EPN was
evaluated. Eight samples were positive yielding in total of 12 isolates and four species.
Molecular identification confirmed the presence of Steinernema feltiae, S. kraussei, S.

carpocapsae and Heterorhabditis bacteriophora.

The susceptibility of different larval stages to commercial strains of S. feltiae, S.
carpocapsae and H. bacteriophora was tested under laboratory conditions. The only
susceptible stage of the pest (90-100%) were the larvae immediately after they exited
infested fruits, but before making the cocoon. Cocooned larvae were not susceptible to
the nematodes. This result was confirmed in the field experiment. Adult Plum Sawfly
susceptibility was assessed in field trials in cages and open field trials. In the cages, EPN
reached an efficacy of up to 100%, while in the open field trials efficacy was on lower
levels, which can be explained by lower amounts of water used to deliver the nematodes

on the soil surface compared to the trials in the cages.

To determinate optimal timing of EPN application against adult stages of Plum Sawflies,
a temperature driven model for adult emergence was developed for conditions of

Northern Bosnia and Herzegovina.

In conclusion, this research results indicate a promising potential of EPN as biocontrol
agents of Plum Sawflies, but timing of application and amount of application water are

the key factors influencing their efficacy.



Caskerak Ha CPIICKOM je3HKY:

Ocwunie nwpuBe Hoplocampa flava L. u Hoplocampa minuta Christ cy Haj3Hauajuuje
mTeOUnHe NIJbUBE. Mjepe cy30Hujama Koje Cy TPEHYTHO IOCTYMHE Mpou3BOhaunMa cy
UCKJbYYHMBO 3aCHOBAHE Ha MPHMjEHH CUHTETUCAHUX WHCEKTHUIMAA Y BpHjeMe OTIajarma
natuma. CTora je [MJb OBE JAHcepTaluje OWO Ja Cc€ OIUjeHH I[OTCHIIH]jal
earomomnatoreanx Hemartona (EITH) kao Owonmomkux areHaca y cy30Hjamy OBHX

IMITETOYHUHA.

VY3o0pkoBame ¢ rsbeM yrBphuBama npocucyta EITH y bocan n XeprieroBunu mo npeu
nyT je paheHo Kpo3 OBy aucepTanyjy. Y3er je ykynHo 221 y30pak, Koju je UCIIUTaH Ha
npucyctBo EITH. Ocam y3opaka koju cy OWIM MO3UTHUBHH JaIM ¢y YKynHO 12 u3onara.
MonexkynapHa WACHTUHKAIMja je TOTBpIwiIa mnpucyctBo uetupu Bpcre EITH

Steinernema feltiae, S. kraussei, S. carpocapsae u Heterorhabditis bacteriophora.

OcjeTrBOCT Pa3IMYUTUT CTAIWjyMa JIapBU OCHIIA IUBMBE Ha KOMEpIHjaIHEe TpenapaTe
Bpcra S. feltiae, S. carpocapsae and H. bacteriophora je ucnurana y mabopatopujcKum
ycnoBuMa. Jenuno cy 6uie ocjetsbue (90—100%) napBe koje cy HamycTuie omrehenu
IUIOZI, a TpHUje TpaBjbemha KokoHa. Hematone Hucy mmane Qekear Ha JapBe YHyTap
KokoHa. OBHU pe3ynTaTu cy noTBphenu y mosbckuM ycimoBuMma. Eduxacnoct EIMH y
cy30Mjalby MMara ocHila IIJbUBE HCIHUTAHA j€ Y TOJBCKUM OTJIeluMa y TYyHeIuMa
NPEKPUBCHUM MpekaMa W Ha OTBOpPEHOM moiby. Y TyHenuma, EITH cy mokasane
edpuxacHocT 10 100%, 10K je Ha OTBOPEHOM NOJbY Ta e(h)UKACHOUCT OWiIa HUXKa, IITO Ce
MOJK€ 00jaCHHTH JIa je y OBHM OTJIeIMMa KOPUIIITCHO 3HAYajHO Marh¢ BOJIC 3 AILTUKAIIN]Y

HEMATO/Ia.

Ha 6u ce yrBpawio ontuMaiiHo BpujeMe artnkanuje EITH 3a cy30ujame mmara ocuia
IIJbMBE, Pa3BHJCH je€ MOJEI MOYeTKa M3JIMjeTalha MMara 3aCHOBaH Ha TEMIIEpaTypH 3a

ycioBe cjeBepHe bocHe u Xepuerosuse.

V 3aksbydKy ce Moxe pehu 1a je 0Bo ucTpaxkupame nokasano fa EITH umajy norenujan
3a cy30ujame ocula IUUbKBE, alli ce 3a e(UKAacCHy NpUMjEeHY MOpa BOJIUTH payyHa O

IPEIM3HOM BPEMEHY AIUIMKAIHje M KOJIMYNHH BOJIE Ca KOJOM C€ HEMATO/Ie alTUINPA]y.
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Chapter 1

Introduction



Through history human beings always had the aim to have higher yields in agricultural
production. To achieve this goal the greatest contribution gave breeding of new varieties
with higher yields, improving production systems and increasing fertilization.
Intensification of production systems created favorable conditions for many pests. Those
pests belong to different groups of organisms like insects, nematodes, mites, fungi,
bacteria, viruses, phytoplasmas and weeds. Research results and development of new
technologies, especially in the fields of mineral plant nutrition and pesticides resulted in
the "Green revolution". This revolution brought better global food security but very soon
raised problems in production, human health and environmental issues. Introduction of
pesticides during the twentieth century provided easy-to-use tools to eliminate pests and
together with plant breeding and innovative plant nutrition contributed to achieve higher

yields, particularly in developed countries.

Pesticides enable farmers to control pests but also to switch production to more intensive
systems, which need more fertilization to increase yields. However, in these production
systems plants are more sensitive to pests and more pesticide application is required. As
aresult of these innovations in agriculture, consumption of pesticides raised several times
within the last five decades. Very soon the high consumption of pesticides brought along
several problems. Development of pesticide resistance, risk to human health and the
environment are major forces that push production systems more towards sustainable use

systems.

Relying on control of pests based only on pesticides, farmers have faced problems with
resistance against several groups of pesticides (Panini et al., 2016). In some cases these
problems left farmers without solutions for certain pests and diseases. Sometimes,
resistance against different groups of pesticides made things worse. Newly developed
pesticides should be more environmentally friendly and more selective. These challenges
require from pesticide industry more investment and time to bring new compounds to the

market.

Reports on risks to human health of farmers and consumers of food caused by pesticides
and their residues confirmed the connection between serious diseases and pesticides.
Moreover, contamination of water resources for human consumption, negative effects on

non-target species and on the general environment increased public attention.



All those issues gradually resulted in phasing out of the most harmful active substances
and mitigation of pesticide use. The main force in this process is public awareness which
resulted in supermarket chains developing their own specific requirements regarding
pesticide residues in food products. Moreover, recently, the European Union developed
legislation that requires food safety and environmental friendly agricultural production
(Directive 2009/128/EC). Change in production systems is necessary to achieve these
demands. For example, in many cases cultivars that are widely accepted (like in apple
production) are highly susceptible to pests and they should be replaced by varieties that

have higher levels of resistance to particular pests and diseases.

A production system that is now mandatory at European level is Integrated Pest
Management (IPM). It puts weight to not only control with more acceptable pesticides
but also on monitoring, forecasting and prevention. Biological control, the use of natural
enemies to control pests, is given priority over the use of chemical compounds in IPM.
Biological control also is the only tool organic farming has available and this sector has

a tremendous potential for growth.

Biological control is performed in four ways: classical biological control, conservation
biological control, inoculation biological control and inundation biological control
(Eilenberg et al., 2001). Classical biological control is control of introduced pests,
diseases or weeds by introduction of their natural enemies from the country of origin.
Conservation of natural enemies means actions taken to protect and maintain biological
control agents. The aim is to maintain the existing biocontrol potential by adapted use of
production tools. Inoculation biological control refers to introduction of biological control
agents that are expected to proliferate and distribute in the area by themselves. Inundative
biological control is the periodic release of large numbers of living organisms to control
pests and diseases. Host plant resistance, autosterilization, genetic manipulation of
species, mechanical. phisical and cultural controls, non-conventional insecticides (insect
growth regulators, etc.), and transgenic plants are covered by some definitions of
biological control. Nowadays, biological control mostly refers to inundative biological
control when biological control agents are used as a biopesticide. Biopesticides that are
used as biological control agents are viruses, bacteria, protozoa, fungi, nematodes,

insects, mites, snails and vertebrates.



Biopesticides have several advantages over synthetic pesticides. They are often safer for
application personnel, food consumer and the environment. Biopesticides have a much
narrower target spectrum compared with pesticides that affect many non-target organisms
as well. They are very often effective in small quantities and decompose more quickly.
In inundative biological control, that nowdays is the most common, effect depends on the

effect of relised population, but not its offspring. They have an immediate effect.

Successful commercialization of several species of entomopathogenic nematodes (EPN)
in the families Steinernematidae and Heterorhabditidae have occurred during the past
three decades. Beside successful mass production their advantages as biological control
agents are their extraordinary host range, at least proven under laboratory conditions and
fast killing of hosts. They can actively seek or ambush hosts, can be applied with
conventional application equipment, are safe for food consumers, vertebrates and non-
targets and ease to register compared to synthetic chemicals (Lacey and Georgis, 2012).
Their success as biological control agents is also due to their mutualistic relations with
their symbiotic bacteria, Xenorhabdus and Photorhabdus. About 90 % of all insects spend
at least one stage of their life cycle in the soil, presenting an excellent target for EPN.
However, disadvantages of EPN that limit their higher market share are still higher
production costs compared with pesticides, limited shelf life, refrigerated storage, and
environmental limitation like requirements for adequate moisture, temperature, and

sensitivity to UV light (Lacey and Georgis, 2012).

The Black Plum Sawfly (Hoplocampa minuta Christ.) and the Yellow Plum Sawfly (H.
flava L.) (Hymenoptera, Symphyta, Tenthredinidae) are widespread key pests of plum
fruits. They can cause significant damage, sometimes up to 100 %, if no control measures
are applied. Currently control measures are based exclusively on pesticide application
and no other measures are available for commercial production. Shift to integrated
production with decreased pesticide application and development of organic production
is demanding alternative measures for farmers since no control measures are or will be

available for these key pests of plums.

This thesis deals with the evaluation of the efficacy of EPNs against Plum Sawflies. Since
Plum Sawflies spend most of their time in the soil they present potential good targets for

EPNss. In literature there is no evidences for studies related to the control of Plum Sawflies



with EPN or other biological control agents. This thesis project studied the potential of
EPN against Plum Sawflies under laboratory and field conditions. Related to this topic,
parameters of the life cycle of Plum Sawflies were studies in order to improve timing of
EPN application and a survey on the presence of EPN in Bosnia and Herzegovina was
conducted, since it is a prerequisite for biological control agents registration to confirm
their presence in the country. Moreover, results obtained from this study could be
extrapolated to a closely related species, the Apple Sawfly (Hoplocampa testudinea) and

Pear Sawfly (Hoplocampa brewis).



Chapter 2

Literature review



2.1. About nematodes

Nematodes are a highly diverse, abundant and ubiquitous animal Phylum. These
unsegmented worms are highly consistent in their anatomy, but buccal morphology
suggests diverse feeding groups. Life style ranges from bacterial and fungal feeding,
through plant and animal parasitism, to carnivores and omnivores (Yeates, 1993). They
occupy almost all terrestrial, freshwater and marine niches. In the 1914 edition of the
Yearbook of the United States Department of Agriculture, N.A. Cobb wrote on the
abundance of nematodes: "If all the matter in the universe except the nematodes were
swept away, our world would still be dimly recognizable, and if, as disembodied spirits,
we could then investigate it, we should find its mountains, hills, valleys, rivers, lakes and
oceans represented by a thin film of nematodes. The location of towns would be
decipherable, since for every massing of human beings there would be a corresponding
massing of certain nematodes. Trees would still stand in ghostly rows representing our
streets and highways. The location of the various plants and animals would still be
decipherable, and, had we sufficient knowledge, in many cases even their species could
be determined by an examination of their erstwhile nematode parasites." In 2001, the
phylum Nematoda comprised of 26,646 described species, out of them 8,359 are parasitic
in vertebrate hosts, 10,681 are free-living species, 4,105 are species parasitic in plants,
and 3,501 are species parasitic in invertebrate hosts (Hugot et al., 2001). The most studied
animal on earth, the bacterial feeding nematode Caenorhabditis elegans, is a model
organism in biology, particularly in genetics and a source of spin-off results to

nematologists.

2.2. Nematodes associated with insects

Nematodes associated with insects have been described from more than 30 families
(Stock and Hunt, 2005). However, biocontrol potential is concentrated in seven families:
Mermithidae, Allantonematide, Neotylenchidae, Sphaerularidae, Rhabditidae,
Steinernematidae and Heterorhabditidae. The potential of nematodes is not restricted only
to biocontrol of insect pests. There are commercial products of slug parasitic nematode,
Phasmarhabditis hermaphrodita (Wilson and Gaugler, 2000), while predatory and fungal

feeding nematodes have been studied as biocontrol agents of plant-parasitic nematodes



and plant pathogens respectively (Choudhury and Sivakumar, 2000; Lootsma and
Scholte, 1997).

2.3. Entomopathogenic nematodes

Among all members of the phylum Nematoda the most attention as biocontrol agents have
received obligate insect pathogenic nematodes of two families, Steinernematidae and
Heterorhabditidae, known as entomopathogenic nematodes (EPN). Although the first
species of EPN has been described almost 100 years ago, their innundative application
only started 30 years ago. Increased understanding of the nematode biology, host range,
epizootiology, advances in production technology, formulation, storage and application
resulted in an exponential increase of interest on the market (Arthurs et al., 2004). Beside
research advances, their rapid expansion was supported also by exemption or ease of
registration based on reports of no effect on humans, mammals and plants or environment
(Ehlers, 2005). Their successful biocontrol attributes are based on the unique partnership
of host seeking nematodes and lethal insect-pathogenic bacterium carried inside the
nematode’s intestine, presumed to have arisen through convergent evolution (Poinar,
1993). Half a century had to pass from description of the first species to their mass
production due to the development of cheap broad-spectrum insecticides that shifted
attention away from biocontrol agents. Since the 1980s, application of EPN has
experienced growth due to the development of relatively cheap, large scale liquid culture
production technology and pressure on pesticide use due to the development of resistance,

surpassing residue levels in food and negative impacts on the environment.

2.3.1. Classification

The families Steinernematidae and Heterorhabditidae are based in two orders of
Rhabditida (de Ley and Blaxter, 2002) (Tab. 2.1.). Increased numbers of described
species and new molecular characterization techniques have expanded species
identification from morphometrical data, cross fertilization to the restriction fragment
length polymorphism (RFLP) profiles and sequencing of the internal transcribed spacer
(ITS) and D expansion segments of the 28S ribosomal RNA (Hunt, 2007). Useful stages
for morphological identification are dauer juveniles (DJ) and males while in

Heterorhabditidae, although a group with less number of species, this approach is more



difficult. Sequencing techniques revealed different polyphyletic origin of the two families
(Blaxter et al., 1998) that had already been stated based on morphological
characterization by Spiridonov and Belostotskaya (1983). Hunt (2007) reported 55 valid
steinernematid and 11 heterorhabditid species. The family Steinernematidae contains two
genera, Steinernema Travassos, 1927 and Neosteinernema Nguyen & Smart, 1994, while
the family Heterorhabditidae contains one genus, Heterorhabditis Poinar, 1976 (Hunt,
2005).

Table 2.1. Placement of the families Steinernematidae and Heterorhabditidae within the

phylum Nematoda (de Lay & Blaxter, 2002)

NEMATODA (phylum)
Enoplea (class)
Chromadorea Inglis (class)
Rhabditida Chitwood (order)
Tylenchina Thorne (suborder)
Steinernematidae Chitwood and Chitwood (family)
Rhabditina Chitwood (suborder)

Heterorhabditidae Poinar (family)

2.3.2. Life cycle

Steinernema and Heterorhabditis belong to two phylogenetically distinct families but
have many features in common. The similarities, including the association with the
symbiotic bacteria, is probably due to their convergent evolution (Poinar, 1993). The only
stage that is infective is the third juvenile stage, called dauer juvenile (DJ). It is a
developmentally arrested stage that is adapted to endure harsh environmental conditions.
During this stage, bacteria are in a quiescence and DJs are acting as a vector. They actively
seek for their insects hosts, and this strategy can be in a range of ambusher to cruiser.
Once the suitable host is found, the nematodes penetrate it through mouth, anus, spiracles
or through intersegmental membranes of the insect cuticle (Peters and Ehlers, 1994).
Once the DJ entered the insect haemocoel, bacteria are released. Pathogenesis and
successful epizootics depend on each of the three, the insect, nematode and bacteria. The

insect might have defence mechanisms to specific nematode-bacteria complexes, whereas



virulence factors of both, the nematode and bacteria, act separately or together to
overcome hosts defence systems (Griffin et al., 2005). The death of the insect ensues
usually within 24-48 hours. The DJ starts to feed on bacteria and develop to the fourth

juvenile stage and adult.

Whereas Heterorhabditis are heterogonic, having both, hermaphrodic (automictic) and
amphimictic (male and female) modes of reproduction, Steinernema is characterized only
by cross fertilization (amphimixis) (Griffin et al., 2005). Only one exception, S.
hermaphrodita, exists (Griffin et al., 2001). Thus, Heterorhabditis can reproduce in a
host when a single DJ has invaded it, whereas for Steinernema at least two individuals of
different sexes are required. Most of the juveniles of hermaphroditic heterorhabditids
hatch within the mother body, feed on its uterus and intestine, causing maternal death
(Johnigk and Ehlers, 1999). This phenomenon is called endotokia matricida and is
common for rhabditid nematodes. Feeding on parental tissue provides juveniles with
enough food supply to develop to DJs. Adult stages that reproduce by amphimictic
reproduction only develop from laid eggs. DJ of both families retain the cuticle of the
second pre-dauer stage juvenile, but it is more loosen in steinernematids and in most cases

lost during soil movement (Campbell and Gaugler, 1991).

Depending of food resource, two to three generations of the nematodes are completed
within the insect cadaver. EPN finish their development in the DJ stage that emigrates
from the cadaver and seeks for other suitable hosts. Several hundred thousands of DJs

can emigrate from a single insect cadaver, depending on its size (Griffin et al., 2005).
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Dauer juveniles
enter the host The symbiotic

bacteria are released

The insect dies,
nematodes develope
to adults
Offspring exit from
the insect cadaver
searching for new host

Figure 2.1. Life cycle of entomopathogenic nematodes (Ehlers 2001).

2.3.3. Bacterial association

The entomopathogenic nematode species belong to two families, while the bacterial
symbionts of the genera Xenorhabdus and Photorhabdus are placed in a monophyletic
clade of the family Enterobacteriaceae (Rainey et al., 1995). Xenorhabdus is related with
Steinernematidae while Photorhabdus is related with Heterorhabditidae. Specific feature
of Photorhabdus is their ability to produce bioluminescence. The physical location of the
bacterial cells carried within the DJs differs between the nematodes of the two families.
While Xenorhabdus cells are situated in the anterior part of the DJ’s intestine in a bi-
lobed vesicle in the anterior part of intestine (Ciche et al., 2006), Photorhabdus are
distributed throughout the intestine of the DJ. Photorhabdus are released through the
mouth opening, while Xenorhabdus are defecated. Heterorhabditidae need their bacterial
symbionts to kill the insect and for their reproduction, while Steinernematidae can

reproduce on non-symbiotic bacteria as well, however, with much decreased yields. The

11



nematodes transmit only their specific bacterial species/strains, meaning that they are able
to discriminate their symbiont from non-associated species (Akhurst, 1983). Once the
nematode enters the host and the bacteria are released, the collaboration of the nematodes-
bacteria complex starts to overcome the host immunity. The nematode inhibits the
prophenoloxidase cascade, which is necessary for non-self-recognition and melanization,
as well as the antimicrobial activity of the hemolymph (Ciche et al., 2006). The bacterium
influence insect immunity through suppression of the phenoloxidase activation,
cytotoxicity to haemocytes, production of lipopolysaccharide (LPS) factors and proteases
that kill haemocytes and by production of high molecular weight toxins (Ciche et al.,
2006). The relationship between the nematodes and their associated bacteria goes from

complete dependence on each other to being able to independently kill an insect.

2.3.4. Distribution

Entomopatogenic nematodes have been reported from all continents, except Antarctica.
The most sampled continent is Europe. Steinernematidae are more often recovered from
samples with exceptions to surveys targeting sandy soils and warmer climatic conditions
where Heterorhabitidae are dominat. Steinernema carpocapsae, S. feltiae,
Heterorhabditis bacteriophora and H. indica are worldwide distributed (Hominick et al.,
1997). These species might be apparently efficient in their distribution by combination of
wide host range, host movement, wind, water and human activities. The most common
species in Europe are S. affine and S. feltiae (Sturhan and Liskova, 1999).
Entomopathogenic nematodes have shown habitat preferences dependent on host
distribution and vegetation type (Hominick, 2002). There have been no reports of the
presence of EPN in Bosnia and Herzegovina due to lack of relevant surveys. The type
isolate of S. bicornutum is from Vojvodina (Tallosi, Peters and Ehlers, 1995). Moreover,
the presence of S. feltiae was confirmed in Vojvodina too. In Slovenia several species
have been reported: S. affine, S. feltiae, S. carpocapsae, S. kraussei and H. bacteriophora
(Laznik and Trdan, 2012). Divers climate and soil conditions, insects and vegetation

diversity imply species richness of Bosnia and Herzegovina.
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2.3.5. Host range

Range of insect’s hosts of EPN species under laboratory conditions, inundatively realized,
and naturally occurring populations can differ (Peters, 1996). Natural hosts of described
species are often not obtained since nematodes are recovered from soil by trapping in
larvae of the Great Wax Moth, Galleria mellonella. Even for S. krausseri, the very first
steinernematid species described, only two insects species were reported to be infected
with this nematode (Peters, 1996). However, S. carpocapsae has been recovered from
insects belonging to four orders (Peters, 1996). The S. carpocapsae holotype population
was described from Cydia pomonella (former Carpocapsa pomonella) but it is the only
species recovered from this insect (Peters, 1996). The natural control potential of EPN is
rather limited since they are found in more balanced relation with hosts and seldom cause
epizootics. However, agricultural practice can increase mortality of pests supporting
nematode populations and their persistence in soil. Successful establishment of EPN in a
field is a prerequisite for biocontrol success and it depends on a high host density, a fact

that was already obvious for pioneers of EPN application (Glaser and Farrell, 1935).

2.3.6. Mass production

For biocontrol application EPN can be produced in vivo or in vitro (Ehlers and Shapiro-
Ilan, 2005). In vivo production in Wax Moth larvae is cheap but labour-intensive and
suitable only for providing material for trials or small scale applications. Production in
vitro can be on solid or in liquid media. Solid media production is suitable for medium
scale applications having a main advantage in small investments in biotechnology
equipment. Production in liquid media in biofermenters has high installation costs and
needs advanced knowledge of nematode biology, but on the other hand, big markets can
only be supplied with larger amounts of product at reasonable price when produced in
liquid culture using fermenters. Factors that can contribute to further development of EPN
production technology in order to become more competitive to pesticides are
strengthening of process stability and downstream-processing, increasing product shelf-
life, improvement of transport logistic and marketing. The most widely commercially
available EPN species are S. carpocapsae, S. feltiae and H. bacteriophora, but also S.
kushidai, S. riobrave, S. scapterisci, H. indica and H. megidis have been or are used

commercially.

13



2.3.7. Application techniques

Application technology for field distribution of EPNs depends on cropping system and
target pests. Virtually they can be applied by any agronomic or horticultural ground
equipment keeping in mind agitation, nozzle type, pressure and temperature. Nematode
density is about 1.05 g/cm?® and they will settle in a tank without agitation. Nozzles should
be at least of 500 pm diameter and sieves should be removed. Some species of EPN can
stand pressure of up to 20 bars, but generally it should not exceed 10 bars. Temperature
of water in tank should never exceed 30 °C, bearing in mind that pumping will heat water
and sunshine can further heat the tank mix. EPNs are usually applied to soil at a rate of
2.5 x10° DJ/ha or higher (Shapiro-Ilan et al., 2012). Soil biotic agents can have positive,
neutral or negative effect on EPN applied to soil (Kaya, 2002). Interaction with other
entomopathogens can be synergistic, like with Bacillus thuringiensis (Koppenhofer and
Kaya, 1997) and Metarhizium anisopliae (Ansari et. al., 2004), but also antagonistic like
with Beauveria bassiana (Brinkman and Gardner, 2000).

Since nematodes are aqueous animals they will be more efficient in moist soils. However,
optimal soil moisture is species and soil type dependent (Koppenhofer et. al., 1995).
Similar to interaction with other biocontrol agents, interaction with pesticides depend on
nematode species, specific chemical, dosage, time of application, however, in most cases

no inhibition of EPN activity was recorded (Koppenhofer and Grewal, 2005).

2.3.8. Safety and regulation

A comprehensive overview on safety and regulation of EPN was published by Ehlers
(2005). Entomopatogenic nematodes are exceptionally safe for users and the
environment. Since their first release as biocontrol agents in 1935 to control Popillia
japonica there is no report of any negative effect on the environment. They can hardly
have long-lasting, negative impacts on non-target organisms since they do not persist for
long time on the soil surface and usually disappear when host insects are absent. Risk in
application of exotic species can hardly cause extinction of local insect populations but
rather result in temporary reductions (Bathon, 1996). EPN do not have negative impacts

on bacterivorous, fungivorous and omnivorous nematodes. However, they reduce
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abundance and number of genera of plant-parasitic nematodes (Somasekhar, 2002). There

are no reports of negative effects of associated bacteria on humans or mammals.

In most cases in approval procedure, EPN are covered within the group of macro-
organisms together with beneficial arthropods and thus in many cases are exempted from
registration. The European and Mediterranean Plant Protection Organization (EPPO)
published a document (List of biological control agents widely used in the EPPO region
- PM 6/3) in which they propose that national plant health authorities should only list
macroorganism species and dispense them from authorization, or simplify the notification
procedures as proposed in EPPO Standards PM 6/1 (First import of exotic biological
control agents for research under contained conditions) and PM 6/2 (Import and release
of non-indigenous biological control agents) (EPPO, 2016). The document contains a list
of seven species of nematodes: H. bacteriophora, H. megidis, S. carpocapsae, S. feltiae,

S. glaseri, S. kraussei and P. hermaprodita.

2.3.9. Examples of successful applications of EPN

Field application of EPN against insect pests has been extensively reviewed in literature
(Arthurs et al., 2004; Grewal et al., 2005; Lacey and Georgis, 2012; Lacey et al., 2015).
Entomopathogenic nematodes showed high levels of efficacy against numerous tested
insect pests. Most of the pests are soil dwelling organisms and present potentially good
targets since EPN are from soil environment as well. Good efficacy was demonstrated
against soil dwelling pests such as the Large Pine Weevil, Hylobius abietis L. (Williams
et al., 2013), Oriental Fruit Moth, Grapholita molesta, (Riga et al., 2006), Small Hive
Beetle, Aethina tumida (Shapiro-Ilan et al., 2010), Western Corn Rootworm, Diabrotica
virgifera virgifera (Toepfer et al., 2008). Some successful examples against pests that are
in cryptic habitats, like tree borers: the Mediterranean Flat-headed Root Borer Capnodis
tenebrionis (Garcia del Pino and Morton, 2005) and the Peachtree Borer Synanthedon
exitiosa (Shapiro-Ilan, 2009) are reported in the literature. In greenhouses, significant
progress has been made against different pests including control of the Sweet Potato
Whitefly Bemisia tabaci, (Cuthbertson et al., 2007), the Diamond Back Moth Plutella
xylostella (Schroer and Ehlers, 2005), Tomato Leaf Miner Tuta absoluta (Batalla-Carera
et al. 2010), Western Flower Trips Frankliniela occidentalis (Premachandra et al., 2003)

and different fungus gnats (Diptera: Sciaridae) (Tomalak et al., 2005). Above ground
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pests in cryptic habitats are also targeted by EPN, like the Red Palm Weevil,
Rhynchophorus ferrugineus (Llacer et al., 2009) or the Codling Moth, Cydia pomonella
(Lacey et al., 2010).

2.4. Plum Sawflies

2.4.1. Life cycle and distribution

In Southeast Europe two species of Plum Sawflies Hoplocampa minuta L. (Black Plum
Sawfly) and Hoplocampa flava H. (Yellow Plum Sawfly) are the main pests of European
plums (Prunus domestica L.). They belong to the order Hymenoptera and the family
Tenthredinidae. Their only known hosts are European plums and Myrobalan plums
(Prunus cerasifera). Moreover, in Nordic countries, Hoplocampa fulviconius is dominant
(Bovien and Stapel, 1940). Closely related species are Hoplocampa testudinea and
Hoplocama brevis, which are important pests of apple and pear, respectively. The two
species of plum sawflies are univoltin insects spending most of the time in the soil as
diapausing larvae and prepupae. They have a common life cycle. Adults emerge in time
of flowering of early plum cultivars. The females lay eggs into the calyxes of blossoms
and larvae hatch when fruits begin to develop. During the course of feeding the larvae
leave damaged fruit and burrow into intact one. As a result, one larva can destroy 3 to 6
fruitlets. Damaged fruitlets fall off. The insects overwinter as prepupae within a cocoon
in the soil at depth of 5-20 cm. As in poikilothermic animals, developmental stages of
plum sawflies are in relation to enviromental temperature. Graf et al. (1996a) in
laboratory experiment found that the developmental threshold for post-diapause
development of Apple Sawly was 4.0, 4.1 and 5.0 °C for coocons buried in vermiculite,
potting compost and exposed cooccons, respectively. They found that post-diapausing
development requires a thermal constant of 209+24 °C temperature sum at days with
temperature above 4.5 °C. These data might be important for forcasting nematode

application against adult stages.

2.4.2. Importance and management of Plum Sawflies

Plum sawflies are serious pests in plum orchards in Europe. Damage in organic

production and non-treated orchards can be in the range of 36-96% (Bovien and Stapel,
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1940; Caruso and Cera, 2004; Oroian, 2009; Andreev and Kutinkova, 2010; Rozpara,
2010). Plum Sawflies management is based on broad spectrum insecticides of the group
of pyrethroides and neonicotinoides in countries where these products are still registered.
Application of insecticides is in time of petal fall, but some growers apply already at the
beginning of the blossom. The only biocontrol agent that was extensively studied against
Apple Sawfly was the parasitoid wasp Lathrolestes ensator, but with limited results (Zijp
and Blommers, 2002). Plant extract of Quassia amara can significantly reduce numbers
of infested fruit by Apple Sawfly (Neupane, 2012).

2.5. Plum production

Plums are a diverse group of species of stone fruits that belong to the genus Prunus.
Among more than a dozen described species only two are of worldwide commercial
significance, the hexaploid European plum (Prunus domestica) and the diploid Japanese
plum (P. salicina and hybrids). In Europe, the European plum is the most widely
cultivated species. Plums are mostly consumed fresh, but large volumes of plums are used
through Eastern and Central Europe for distillation and production of fruit brandy called
»Sljivovica-sliwovitz®, both comercially and homemade. The name derived from the
Slavic word for plum ,,8ljiva". Cultivars with high sugar content are also dried without
removal of stone and called prunes. Although plums are on second place after apples by
area among pome und stone fruits, they are on fourth place in total production (Table 2.2.)
due to lower yield. World leading country is China producing more than half of the world
plum production (Table 3.). However, two countries of South East Europe are on second
and third place, Romania and Serbia, while Bosnia and Herzegovina depending on the
year is in the top 10 or 20 countries. In Bosnia and Herzegovina plum production has
intensified after a decline at the end of 20" century. The main reason for decline was
sensitivity of the main cultivar Pozegaca to plum pox virus (PPV). In the last two decades
new cultivars, tolerant to PPV, were introduced and high density plantation was

implemented (Mici¢, et al., 2015).
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Table 2.2. Pome and stone fruit crops, worldwide production 2014 (FAOSTAT).

Crop Harvested area (ha)  Production Metric t x 1000 Yield Metric t/ha
Apple 5,5051,851 84,630 16.7
Plums 2,521,100 11,280 4.5
Pear 1,574,446 25,799 16.4
Peach 1,494,837 22,795 15.2
Apricot 508,974 3,365 6.6
Sweet cherry 440,228 2,245 5.1
Sour cherry 207,323 1,362 6.6

Table 2.3. Countries producing more than 100,000 t plums per year (FAOSTAT data 2017).

Production Metric t Average
Country -

2012 2013 2014 Metric t

1. China 5,942,918 6,092,277 6,241,635 6,092,277
2. Romania 424,068 512,459 495,287 477,271
3. Serbia 297,446 568,840 401,452 422,579
4. TIran 297,700 314,500 328,944 313,715
5. Chile 315,172 313,994 296,439 308,535
6. Turkey 297,026 305,393 265,490 289,303
7.  USA 266,000 193,800 231,800 230,533
8. India 215,000 220,000 225,000 220,000
9. Spain 210,700 172,400 232,765 205,288
10. Italy 172,247 210,398 214,880 199,175
11. France 198,970 170,960 194,000 187,977
12.  Argentina 161,942 166,345 171,232 166,506
13.  Ukraine 147,200 183,550 163,180 164,643
14. Russian Federation 130,000 142,000 140,000 137,333
15. B&H 111,005 226,898 74,075 137,326
16. Algeria 105,490 128,786 107,191 113,822
17.  Uzbekistan 93,000 100,000 120,000 104,333
18. Poland 102,498 102,402 106,057 103,652

World 10,714,641 11,435,270 11,282,527 11,144,146




2.6. Thesis objective

2.6.1. Background

Until now, there is no biological control aproach that can be used by farmers as an
alternative for broad spectrum insecticides in Plum Aawflies management. EPNs efficacy
was evaluated through several studies on closely related species, Apple and Pear sawfly
(Vicent and Belair, 1992; Zijp and Blommers, 1993; Curto et al., 2007). However, only

the larvae were targeted by foliar and ground application with limited success.

Biology of Plum Sawflies was mostly studied with the aim of scheduling pesticide
applications, which is mainly in time of petal fall (TamoSiunas et al., 2014). Insect
development, as poikilothermic animals, is temperature dependent based on temperature
and time, thus development of certain stages can be predicted. A model for prediction of
adult emergence and hatching was developed for the Apple Sawfly (Graf et al., 1996a;
Grafet al., 2002).

Surveys on the presence of EPN were done in many parts of the world with different aims,
for screening for new species or strains with wider host range, better desiccation tolerance
and temperature adaptation, extended longevity, or requirements for presence of
indigenous species prior registration. These efforts contributed to broaden our knowledge
of this group of animals. In the meantime, classical morphology-based identification, due
to recent advances in molecular biology, is complemented with molecular tools. Even
molecular based techniques are easier and allow less trained personnel, they should be

used in combination with classical taxonomy tools.

2.6.2. The aim of the research

The aim of this research was to evaluate the biocontrol potential of entomopathogenic
nematodes (EPN) against the key pests of plums, the Yellow Plum Sawfly (Hoplocampa
flava L.) and the Black Plum Sawfly (Hoplocampa minuta Christ).
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In order to reach this aim specific objectives were:

1. To screen Bosnia and Herzegovina for presence of EPN to eneble their registration

as biocontrol agents.

2. To select the most suitable developmental stage of Plum Sawflies suitable for

control with EPN and the most effective EPN species.

3. To develope temeperature driven model of the pest development forcasting to

determinate time of EPN application.
2.5.3. Working hypothesis
The working hypothesis is:
e There are natural populations of EPN in B&H.
e Larval and adult stages of Plum Sawflies are susceptible to EPN.

e Precise application of EPN can be determined by a temperature-dependent
forecasting model of the completition of Plum Sawflies stage that preceeds the

target stage.
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Chapter 3
Distribution of entomopathogenic nematodes in Bosnia

and Herzegovina
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3.1. Introduction

Among the numerous beneficial organisms that can be considered as biocontrol agents
are nematodes. Many nematodes are associated with insects but entomopathogenic
nematodes from families Steinernematidae and Heterorhabditidae are receiving the most
attention as control agents of insect pests. These two nematode families belonging to the
order Rhabditida are not closely related since they evolved insect associated parasitism
independently (Blaxter et al., 1998). They are obligate and lethal pathogens of insects in
nature (Koppenhofer, 2007) that kill their hosts in association with their symbiotic
bacteria. Steinernematidae are associated with bacteria from the genus Xenorhabdus and
Heterorhabditidae with Photorhabdus. The third stage infective juvenile, called dauer, the
only free living stage, enters a host through natural openings (Griffin et al., 2005) or
occasionally through the cuticle (Bedding and Molyneux, 1982) and release the bacteria
into the haemocoel. The nematodes and bacteria collaborate to counteract insect
immunity that results in insect’s death usually within two days (Ciche et al., 2006). After
insect’s death, bacteria proliferate and become the major source of food for the
nematodes. The nematodes complete several life cycles, depending on the food supply,

and leave the cadaver as dauer stages in search for other hosts (Griffin et al., 2005).

The first entomopathogenic nematode was described by Steiner as Aplectana kraussei
(now Steinernema kraussei) in 1923. Due to the successful use of chemicals for insect
control further research of this subject was neglected until the 80-ties of the last century
when mass production of EPN in solid and liquid cultures started to increase. With a
growing market demand for nematodes as biocontrol agents the increase of research in
this subject also augmented. Collection of indigenous EPN may provide isolates that are
more suitable for inundative release and some countries restrict the import of exotic
strains or species, although no major risks related to the use of EPN have been identified
(Ehlers, 2003). The presence of EPN has been reported from all continents except
Antarctica (Hunt, 2007). By the begining of 1990s only 9 steinernematide and 2
heterorhabditid species had been described (Hunt, 2007). Development of molecular
techniques facilitated rapid increase of new species. Puza et al. (2016) reported 92 valid

steinernematid and 18 heterorhabditid species.
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Although many surveys have been conducted in Europe, the knowledge of EPN
geographical distribution in the region of former Yugoslavia remains obscure. There are
no reports on the presence of EPN from Bosnia and Herzegovina. The only neighboring
country where EPN were reported is Serbia, from where S. bicornutum was described
(Tallosi et al., 1995) and there is a report on the presence of four steinernematids and one

heterorhabditid in Slovenia (Laznik and Trdan, 2012).
3.2. Materials and methods

3.2.1. Sample collection

Soil samples were colected in autumn 2012 and 2014 from all territory of Bosnia and
Herzegovina. In total, 221 soil samples were collected and the presence of EPN was
evaluated. The sampling sites were within 100 m along passable roads and were selected
based on accessibility and habitat. If different vegetation prevailed in close vicinity
additional samples were taken. The distance between sampling sites was at least 10 km.
Each soil sample was composed of approximately 1000 ml of soil collected randomly in
5 sub samples taken from corners and the center of an imagined one square meter at a
depth of 15-20 cm. All subsamples were mixed together and placed in a polyethylene bag
to avoid dehydration and transported to the laboratory. At each site, vegetation, GPS

coordinates and elevation were recorded. The sampling was performed once per site.

3.2.2. Isolation of nematodes

The soil samples were processed after their arrival to the laboratory. Entire soil samples
were thoroughly mixed and 250 ml subsamples were placed in a 400 ml plastic container.
Ten last instar larvae of Greater Wax Moth Galleria mellonella (L.) were placed on the
soil and the containers were inverted (Bedding and Akhurst, 1975). The containers were
held at room temperature (20-25°C) for 15 days. Dead larvae were collected at 3-days
intervals and placed on White traps (White, 1929). Recovered nematodes were
propagated in vivo in G. mellonella and stored at 6°C. At regular intervals populations

were passed through G. mellonella at 6 months intervals.
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3.2.3. Identification of nematodes

To confirm identification of isolated nematodes, molecular identification was performed.
DNA was extracted from 20 dauers, which were handpicked and transferred in 10 pl of
distilled water on a glass slide. Each nematode was cut with a sterile scalpel into 2 or 3
pieces under a dissecting microscope. All pieces were transferred to one 1.5 ml Eppendorf
tube and total DNA was extracted using the DNeasy Blood and Tissue Kit (Qiagen,
Germany) following the protocol supplied by the manufacturer. Extracted DNA was

stored at -20°C. Nucleic acids were not quantified prior to PCR amplification.

3.2.4. Amplification of internal transcribed spacer regions

The universal primers TW81 (5'-GTTTCCGTAGGTGAACCTGC-3") and AB28 (5'-
ATATGCTTAAGTTCAGCGGGT-3") described in Joyce et al. (1994) were used in the
PCR reaction for amplification of the ITS region. PCR amplification was conducted in
50 pl reactions using the standard Tag DNA polymerase mixture (Sigma-Aldrich). The
amplification profile was carried out using Applied Biosystems 2720 thermocycler,
which was preheated to 95°C for 2 min, followed by 35 cycles of 94°C for 30 s, 50°C for
30 s, and 72°C for 1 min, and then 72°C for 8 min.

3.2.4.5. Electrophoresis

After DNA amplification, 5 ul of PCR product was mixed with 2 ul of 5x loading dye
(Qiagen) and loaded on 1% agarose gel for checking the quality of isolated DNA.
Ethidium bromide (2 pl) was added to 80 ml of gel for visualizing. The electrophoresis
was performed at 100 mA and 100V for 45 min. Presence and size of amplified products
was determined by comparison of 1kb DNA molecular ladder (Fermentas) on a

transilluminator.

3.2.4.5. Sequencing and sequence analysis

Amplified DNA was sent to Macrogen (The Netherlands) for sequencing. Obtained
sequences were visualized by Chromas software and edited manually by using Bio-edit
software. The forward and reverse sequences were compiled into one contig sequence per

sample. Obtained DNA sequences were compared with sequences from GenBank by
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means of a Basic Local Alignment Search Tool (BLAST) of the National Center for
Biotechnology Information (NCBI).

3.2.4.6. Phylogenetic analysis

Obtained sequences were aligned together with homologous sequences retrieved from
GenBank using the default parameters of muscle alignment tools of SeaView (Gouy et
al., 2010). A maximum likelihood analysis was performed using Mr Bayes 3.2.6. (Miller
et al., 2010). Oscheius sp. obtained from this study and Caenorhabditis elegans were

selected as outgoups.

3.3. Results

Entomopathogenic nematodes were isolated from 8 (3.6 %) out of 221 soil samples from
different regions of Bosnia and Herzegovina (Fig 3.1. and Tab. 3.1.). Coloration of G.
mellonella cadaver revealed presence of 11 steinernematides and 1 heterorhabditid

isolate. One sample yielded 3 isolates and two samples two isolates.

Isolates were identified based on sequencing of the ITS region. PCR products showed a

length of +£850 bp in the agarose gel (Fig. 3.1.).
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wfe Steinernema kraussei
W Steinernema carpocapse
X Steinernema feltiae

@ Heterorhabditis bacteriophora

Fig. 3.1. Map of Bosnia and Herzegovina showing distribution of EPN-positive samples.
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Table 3.1. Data on sampling sites yielding EPN.

Location
Species Isolates Elevation (m) Vegetation
N E
S. kraussei E-1 43°50'52" 18°28'03" 666 grassland
S. kraussei 230 44°04'51" 18°31'22" 995 pasture
242.1,
S. carpocapsae 242.2, 44°43'07" 18°17'54" 335 plum orchard
242.3
S. feltiae 226 43°54721" 18°40'13" 1261 pasture
S. feltiae 202 44°38'15" 17°16'15" 401 shrubs
02,
S. feltiae 44°43'54" 17°08'45" 298 meadow
02.1
E-17.1,
S. feltiae 44°3924" 16°0124" 297 river bank
E-17.2
. alfa-alfa (next
H. bacteriophora E-32 44°49'05" 17°3827" 157

to the river)
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Figure 3.2. PCR products obtained following amplification of EPN isolates.

BLAST search revealed that 12 amplicons matched with sequences of different species
of entomopathogenic nematodes from GenBank. Eleven sequences matched with species
of the genus Steinernema and one with the genus Heterorhabditis. Three isolates showed
similarity of 98-100% with S. carpocapsae, two with S. kraussei and six with S. feltiae.

The heterorhabditid isolate revealed 100% similarity with H. bacteriophora.

The most common and widely distributed entomopathogenic nematode was S. feltiae. It
was found on high elevation point (1261 m), but also in hilly areas in Western and
Northern central parts of the country (elevation 300-400 m). Two samples were from

grasslands, one from shrubs and one from river banks.
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Figure 3.3. Phylogenetic relations of isolates from Bosnia ad Herzegovina (in bold) based on

ITS-rDNA sequences as inferred from Maximum Likelihood (ML) analyses.

3.4. Disscusion

The present study represents the first survey on the distribution of entomopathogenic
nematodes in Bosnia and Herzegovina. It reveales the presence of four species, three

steinernematids and one heterorhabditid.
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Eight samples were positive, with a prevalence of 3.6 %, yielding in total 12 isolates.
From one sample three isolates (44°43'7"N, 18°17'54"E) and from two samples two
isolates (44°39'24"N, 16°1'24"E and 44°43'54"N, 17°08'45") were obtained. Prevalence
might vary widely (2-40%) between surveys (Hominick, 2002). More targeted surveys,
sites with insect aggregations (Mracek and Becvar, 2000) or selected soil and vegetation
types (Griffin et al., 1999), yielded much more isolates. In this survey natural habitats
were preferrably targeted. Except for a very limited survey by Tallosi et al. (1995) that
yielded in the description of S. bicornutum, there was no surveys on the presence of EPN
in neighbouring countries of Bosnia and Herzegovina. Surveys on the presence of EPN
in neighbouring countries of former Yugoslavia were done in Italy (Tarasco et al., 2014),
Hungary (Toth, 2006) Bulgaria (Gradinarov et al., 2010), Greece (Menti et al., 1997) and
also Slovenia (Laznik and Trdan, 2012), with prevalence of 6,6%, 30.8%, 20.7%, 4,6%
and 5.4%, respectively.

S. feltiae is common in most parts of the world (Hominick, 2002), and its natural hosts
range is among the insect orders Coleoptera, Lepidoptera and Diptera (Peters, 1996). It
can be found in different habitats but it prefers sandy soils (Campos-Herrera et al., 2007;
Tarasco et al., 2014).

S. kraussei was recovered from two samples from grassland and a scrub habitat in a
mountain region. In other studies this nematode was also associated with forests and high
altitude where average temperature is below 9°C (Campos-Herrera et al., 2007; Tarasco

etal., 2014).

S. carpocapsae was isolated from one orchard with extensive plum production. This
species was described from the Czech Republic by Weiser (1955) and it is indigenous for
Europe. However, it is not frequent in samples from Central and Northern Europe
(Hominick, 2002), presumably preferring more temperate regions. Although
entomopathogenic nematodes are often associated with more sandy soils, this species can

be present in soils with 30-32% clay content (Campos-Herrera et al., 2007).

The only heterorhabitids isolate belongs to the species H. bacteriophora. The sample was
taken from the edge of alfa-alfa field next to a small river. Its locality is from the Northeast

and at the lovest elevation (157m) compared to other localities positive for EPN. This
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nematode species has a cosmopolitan distribution but prefers warmer conditions
(Hominick, 2002). Mostly it is found at lower elevations on sandy or sandy loam soils
near the sea or rivers (Rosa et al., 2000), but is also associated with other type of soils

and vegetations (Tarasco et al., 2014).

Although S. bicornutum is present in Serbia (type locality) and distributed in Central
Europe (Hominick, 2002), it was not recovered from samples within this study. Moreover,
although S. affine is after S. feltiae the most common steinernematid species in Europe

(Hominick, 2002) its presence was not confirmed in this survey.

Entomopathogenic nematodes were recovered mostly from the Central part of Bosnia and
Herzegovina from mountains and hills. Habitat and elevation of isolates were in consent
with preferences of identifided species reported from various surveys, revealing
preference of species for habitats. Entomopathogenic nematodes were not recovered from
samples from Northern, Southern and Eastern parts of the country. Certain localities,
although possibly attractive for EPN, were not sampled due to pollution with mines from
the last civil war. Despite numerous samples were taken from forest habitats, EPN were
not isolated. Only a limited number of samples were taken from agricultural fields, but
from some of them EPN were isolated, indicating suitable environmental conditions for
EPN. Specific climatic and eadphic characters of the positive localities may indicate

conditions best suited for certain EPN species and their application in biological control.
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Chapter 4
Efficacy of entomopathogenic nematodes against Plum
Sawflies (Hoplocampa minuta L. and Hoplocampa flava

H.) under laboratory and field conditions
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4.1. Introduction

Plum Sawflies, black (Hoplocampa minuta L.) and yellow (Hoplocampa flava H.) are
univoltin host specific, primary pests of European plums (Prunus domestica L.). Adults
emerge in time of start of plum blossoming. Larvae attack young fruits which, when
damaged, fall to the ground. Management tactics for Plum Sawflies is based on broad
spectrum insecticides. Application of the pesticides can have harmful effects on bees and
other beneficial insects and mites. The only biocontrol agent that was extensively studied
against Apple Sawfly is the parasitoid wasp Lathrolestes ensator, but with limited results
(Zijp and Blommers, 2002). Plant extract of Quassia amara can significantly reduce
infestations of fruits caused by the Apple Sawfly (Neupane, 2012). Synthetic chemical

insecticides cannot be used to control sawflies in organic production.

Incorporating effective biological control agents in management of Plum Sawflies might
lead to reduction of pesticides use. The use of entomopathogenic nematodes (EPNs) could
offer an interesting alternative to chemical control of sawflies (Vicent and Belair, 1992).
Beside research advances, their rapid expansion was supported also by exemption or ease
of registration based on reports of no effect on humans, mammals and plants or the
environment (Ehlers, 2005). Their biocontrol success is based on a unique partnership of
the host seeking nematode and a lethal insect-pathogenic bacterium carried in the
nematode’s intestine, presumed to have arisen through convergent evolution (Poinar,
1993). The infective third juvenile stages (infective juvenile or dauer juvenile DJ) survive
outside the insect and enter the insect host through any opening (mouth, anus, spiracles).
The death of the insect is due to nematode activity together with the Gram-negative
symbiotic bacteria, which are carried within the gut of the DJs and are released after host

invasion.

Entomopathogenic nematodes are highly effective against numerous tested insect pests.
Most of the target pests are soil dwelling organisms since entomopathogenic nematodes
live in soil environment too. Good efficacy was demonstrated against soil dwelling pests
such as the Large Pine Weevil, Hylobius abietis L. (Williams et al., 2013), Oriental Fruit
Moth, Grapholita molesta, (Riga et al., 2006), Small Hive Beetle, Aethina tumida
(Shapiro-Ilan et al., 2010), Western Corn Rootworm, Diabrotica virgifera virgifera

(Toepfer et al., 2008). Some successful examples are against pests that are in cryptic

33



habitats like tree borers, like the Mediterranean Flat-headed Rootborer Capnodis
tenebrionis (Garcia del Pino and Morton, 2005) and Peachtree Borer Synanthedon
exitiosa (Shapiro-Ilan, 2009).

In the present study the potential of three entomopathogenic nematode species,
Steinernema feltiae, Steinernema carpocapsae and Heterorhabditis bacteriophora was
tested under laboratory and field conditions for biological control of different life stages

of Plum Sawflies.

4.2. Material and methods

4.2.1. Laboratory assay

4.2.1.1. Source of sawfly larvae and cocoons

Plum Sawflies cannot be cultured on artificial media. Therefore, last instar larvae were
sampled from a naturally infested plum orchard in Banja Luka, Bosnia and Herzegovina.
Insect-proof nets were placed below plum tries at the beginning of May, before first
fruitlets infested by sawflies started to fall to the ground. Infested fruits were collected
daily and placed in a bucket with sterilized silver sand to allow larvae to exit fruits (Fig.
4.1.). Larvae at this age are fifth instar larvae and for nematode susceptibility assays
larvae were used within 24 hours. The remaining larvae were left in moist silver sand to

let them produce cocoons.
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Figure 4.1. Fruits infested with Plum Sawflies larvae, collected for laboratory assay from
naturally infested orchard.

4.2.1.2. EPN

The three EPN strains, S. feltiae, S. carpocapsae and H. bacteriophora, commercial
strains of the company e-nema GmbH (Raisdorf, Germany) were used for this study.
Infective juveniles were produced at 24°C on last instar larvae of the Great Wax Moth
Galleria mellonella L. according to Woodring and Kaya (1988). Nematode strains did
not exceed three times passages through the insect before used in the experiments. They
were used within two weeks after the harvest. They were stored at 5°C, and left at 20°C

one day before application.
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4.2.1.3. Larval susceptibility in Petri dishes assay

Four ages of fifth instar larvae were tested, larvae immediately after they exited infested

fruit before making the cocoon and cocooned larvae 10, 20 and 40 days after starting

Figure 4.2. Petri dish with Plum Sawflies larvae seven days after treatment with EPN (A)

and cocooned Plum Sawflies (B).
of constructions of cocoons. Additional assays were done with mechanically opened 50
days old cocoons. The assay was conducted in 5.5 cm Petri dishes. The Petri dishes were
filed with 10 g of 180-500 um sterilized silver sand moistened to 10 % by weight with
distillated water. In each dish, 10 larvae or 10 cocoons were placed. Three dosages of
nematodes were used, 500, 1000 and 2000 DJ per dish delivered within 300 pl of water,
which dosage correspond to 21, 42 and 84 DJ per cm™. The untreated control was treated
with water only. Petri dishes were sealed with Parafilm to avoid evaporation and
maintained in dark at 20°C. Larval mortality was determined after 7 days (Fig. 4.2.). The
larvae were dissected to confirm mortality caused by the nematodes. Each treatment
contained 5 replicates. Using identical experimental parameters, the experiment was

repeated once.

w
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4.2.1.4. Larval susceptibility in foliar application assay

Branches from plum trees, each with at least 30 fruits infested with Plum Sawflies, were
brought to the laboratory to test foliar application of entomopathogenic nematodes. The
fruit size was up to 1 cm.The nematodes were applied on branches at concentration of
2,500 DJs ml-1 with back pack sprayer. The suspension was added until it started to drip.
The branches were placed in jars with water to avoid their wilting and kept at room

temperature (Fig. 4.3.). After 48 hours fruits were opened and larval moratlity was

assesed.

Figure 4.3. Plum branches with fruits infested with Plum Sawflies larvae. The branches were
treated with 2.500 DJs ml" of commercial products of Steinernema feltiae, S. carpocapsae and
Heterorhabditis bacteriophora. Larval mortality was assessed 48 hours following EPN
application.

4.2.2. Larval susceptibility in open field trials

The orchard

A 10 years old orchard of 1 ha size planted with 3 varieties, Cadanska lepotica, Catanska

rodna and Stanley, situated 25 km East from Banja Luka, Bosnia and Herzegovina, was
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selected for a field test to evaluate EPN efficacy against Plum Sawflies. The trees had

been planted at a distance of 4 x 2 m.
EPN

The three nematode species supplied by e-nema GmbH as commercial products and tested
earlier in the laboratory assay were also used for the open field trial. The nematodes were
stored at 5°C prior to application and used in the original commercial formulation. They
were applied at a rate of 0.5 x 10° m™ with a sprinkling can before anticipated larval drop
in the row space on 26™ of April 2014. Application was done in a row space of two meter
width under the canopy of three trees at 6 p.m.. The nematodes were suspended in water
and applied in a rate of 0.75 I m™. Additionally, 1.5 1 m™ water was applied immediately
following nematode application. Control plot recieved the same amount of water without
EPN. Application was repeated the next year on the same experimental plots (21 of April
2015). The trial was not repeated. Weather conditions, precipitation and average

temperature for both years are presented in Fig.4.4.
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Figure 4.4. Precipitation and average temperature from the meteorological station Banja
Luka, in 22 km distance from Crni Vrh, where field trials on larval susceptibility was
conducted in 2014 (left) when EPN where applied on the 26™ of April, and in 2015 (right)
when EPN were applied on the 30™ of April.

Assessment of efficacy

To assess efficacy, number of emerging adults was recorded in the following years (2015

and 2016). Before adult emergence was anticipated, each treatment area below the trees
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(each 3 trees) was covered by a 6 m long, 2 m wide and 1 m high tunnel of insect-proof
net of 1 mm mesh size (Fig. 4.5.). White sticky traps made of white tarpaulin of 22 x 13

cm size were coated with sticky plates and placed under the net to catch adults. At the

end of the flight period, the number of adults on the white sticky traps were counted.

Figure 4.5. Insect-proof net placed before anticipated adult emergence (before start of plum
blossom) and white sticky trap placed under it. After the end of the flight period (after blossom)

number of caught adults on the trap was assessed.

4.2.3. Adults susceptibility in covered plot trials
Insect-proof cages

The trial in 2013 was conducted in a plum orchard planted in 2006 with a distance of 4 x
2 m in Popovac, municipality Celinac, Bosnia and Herzegovina. The orchard had not been
treated with pesticides during the previous 3 years. Significant damage caused by Plum
Sawflies was observed during 2012. To isolate treatments from the rest of the orchard in
order to avoid migration of flies, cages were constructed. The cage construction was
temporary made of iron sticks placed over 12 plum trees to support an insect-proof net. It
was divided by net into 4 compartments. Totally it covered a row space of an area of 2 m

width and 24 m length. The net was thrips-resistant with a 150 x 490 um mesh size or
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mosquito net 1 x 1 mm and fixed to the ground to prevent adult Plum Sawflies to move

outside or inside of the compartments.

Figure 4.6. Insect-proof cages for assessing efficacy of EPN against adult Plum Sawflies.

The cages were constructed before anticipated start of adult emergence (just before first white

balloons) A: Vijacani, B: Nevesinje, C: Popovac and D: Srebrenik.

In 2014, six cages were constructed at Popovac, Crni Vrh, Vijacani, Nevesinje and two
at Srebrenik, all in Bosnia and Herzeovina. In 2015, five cages were constructed at

Popovac, Crni Vrh, Srebrenik, GradiSka and Nevesinje.
Nematode application

Commercial products of three nematode species also used before were received from e-
nema GmbH, Germany. The nematodes were stored at 5°C prior to application and used

in the commercial formulation. They were applied at a rate of 0.5 x 10° m? with a
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sprinkling can (Fig. 4.7.) before anticipated adult emergence from the ground.
Anticipation was done by monitoring presence of first white baloons on plum trees. White
sticky traps were hanged to confirm start of adult emergence. The nematode products
were applied with 0.75 1 m™ of water. In addition, 1.5 1 m water was applied immediately

after nematode release. Control plots recieved the same amount of water without EPN.

Figure 4.7. EPN application against adult Plum Sawflies inside cages in row space at a rate of

500,000 DJ m™. The amount of water with suspended nematodes was 0.75 1 m™ following 1.5

1 m? water post application.

Assessing nematode efficacy

To assess the nematode efficacy, the number of infested fruits in treatments and control
was counted in the same year application. The net was therefore placed under the trees
(Fig. 4.8.), at the end of April before start of fruit drops, to catch infested fruits that were

falling from the trees. Fruits with damage of Plum Sawflies larvae were counted.
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Figure 4.8. Assessing nematode efficacy. A: The net was placed under trees canopy before

start of first fruit drop (end of April) to collect fruits. B: Damaged fruits collected from

different treatments.

4.2.4. Open field trials
Year 2015

A 20 years old plum orchard of 3 ha in PoZega, Croatia with the cultivar Cadanska Rodna
was divided into 6 plots each of 0.5 ha, representing 3 treatment plots and 3 control plots.
The orchard was in first year of transition from conventional to organic production. S.
feltiae, the commercial product of the company E-Nema GmbH (Raisdorf, Germany),
was applied with a tractor blast sprayer at the rate of 0.5 million nematodes m™ in the
rows with 0.2 1 m? water. Additionally, 0.2 1 m water was applied within 30 min
following nematode application. Sawflies damage was assessed by flower inspection for
the presence of deposited eggs. In each plot, 100 flowers per 10 trees were inspected at

the stage of petal fall.
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Year 2016

In 2016, in three plum orchards cultivars Cacanska Rodna, Ca¢anska Lepotica and
Stanley in Vojnié, Croatia and one plum orchard cultivars Cacanska Rodna, Cacanska
Lepotica Cacanska Najbolja and Stanley in Babié¢i, Kozara, B&H the same nematode
product as in 2015 for open field trial was applied on large scale. In Croatia the orchards
were 7 to 8 years old and in organic production systems. The size of the treated area of
the three orchards in Croatia was 3.2 ha, 3.6 ha and 2 ha and the size of the non-treated
areas that were used as control were 1 ha, 1 ha and 2 ha, respectively. Damage by Plum
Sawflies in previous year exceeded 80%. A twelve year old plum orchard in B&H in
conventional management system was chosen, where pesticides had been regularly
applied, but in 2015 it still suffered damage by Plum Sawflies of 10% due to late
pesticides application. The size of the nematode-treated area in this orchard was 1 ha and
the non-treated control 1 ha. The nematodes were applied with tractor blast sprayers at
full doses of 0.5 and half dose of 0.25 million DJs m™ with 0.2 1 of water m (Fig. 4.9.).
The orchard floor after nematode application with blast sprayer is presented on Fig 4.10.
The full dose was applied in the 1% orchard in Croatia and the orchard in B&H, while half
the dose was applied in the 2" and 3™ orchards in Croatia. An additional water application
of 0.2 1 m™ followed nematode application within 30 min in the orchards in Croatia, while
the nematode application in B&H was during rainfall (Fig. 4.11.). Application was done
before presence of first white baloons on plum trees; in the orchard with full dose in Croatia

on the 16" of March, in first orchard with half dose on the 17" of March, in second orchard with

half dose on the 18" of March, and in the orchard in B&H on the 21% of March.
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Application by tractor blast sprayer at a rate of 500,000 DJs m? with 0.2 1 m™ following

additional 0.2 1 m? of water within 30 min. B: Application by tractor mounted sprayer at a
rate of 250,000 DJs m™ with 0.2 I m™ following additional 0.2 I m™ of water within 30 min.
C: Application of tractor blast sprayer at a rate of 250,000 DJs m~ with 0.2 1 m™ following

additional 0.2 1 m™ of water with tractor mounted sprayer.
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Figure 4.10. Density of water drops with EPN after application in Vojni¢ with 0.2 1 m™
showing surface coverage of suspension. A: Ground surface with Petri-dish. B: Petri-dish

with water drops.

A

Figure 4.11. Nematode application in Babic¢i, Kozara, B&H. Application was during rainfall
(A) before first adults of Plum Sawflies were captured on white sticky trap (B).
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At the stage of petal fall, 12-13 trees were inspected for eggs presence (Fig. 4.12.), except

for the second orchard, where 6 trees per treatment were checked. About 500 flowers per

tree were inspected.

Figure 4.12. Flowers with deposited eggs of Plum Sawflies. A: The egg deposited in the calix
(blue arrow), B: The egg deposited in the receptaculum, C: Three eggs deposited on one flower.

4.2.5. Biometrical analysis

Data were compared by fitting General Linear Models with subsequent post-hoc tests in
cases of observed statistically significant difference. The observed difference was

considered statistically significant in cases of p<0.05.
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4.3. Results

4.3.1. Larval susceptibility in Petri dishes assay

All three nematode species caused mortality of larvae exposed to DJ before forming a
cocoon (Fig. 4.13.). Mortality of the larvae at a concentration of 2000 nematodes per 10
larvae was 100% for all nematode species. When 1000 DJs were applied, the mortality
reached 99% with S. carpocapsae and 98.9% and 98.0% with H. bacteriophora and S.
feltiae, respectively. Five hundred DJs caused the highest mortality again with S.
carpocapsae (96%), while H. bacteriophora and S. feltiae caused 95% and 92%
mortality, respectively. The overall mortality in the control was 12+7.5%. These larvae
in the control died because they were not able to make the cocoon. Less than one third of
the larvae managed to produce a cocoon, however, within the cocoon the nematodes were
also able to infect the insects. Statistical analysis revealed that there was no significant

difference of studied factors of dose and species (p=0.5). However,
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Figure 4.13. Percentage of last instar infected larvae of Plum Sawflies exposed to Steinernema
feltiae, S. carpocapsae and Heterorhabditis bacteriophora under laboratory conditions before
making cocoons. Ten larvae were exposed to 500, 1000 and 2000 DJs in 5.5 cm Petri dishes

filed with sterile silver sand. Mean of mortality in % + SD.
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there was a statistically significant influence of dose (p=0.049), i.e. higher dose of 1000
nematodes resulted in higher mortality in all studied nematode species compared to 500,
while there was no statistically significant impact of the various studied nematode species

(p=0.382).

In contrast, to larvae without cocoon, cocooned larvae of 10, 20 and 40 days after starting
to produce cocoons were not susceptible to the nematodes. When 50 days old cocoons
were mechanically opened and larvae exposed to the nematodes 98% to 100% mortality

was observed.
4.3.2. Larval susceptibility in foliar application trial

EPN could not cause mortality of Plum Sawflies larvae within fruits 48 hours after

treatments with DJs. Mortality of larvae caused by EPN was not observed.

4.3.3. Efficacy of nematodes in the field trials

The experiments under field conditions revealed that the nematodes could control Plum
Sawflies larvae. The control effect after one year was highest with H. bacteriophora
84.6%, while the lowest was obtained with S. feltiae 38.5 %. After a repeated application
in the following year, the highest efficacy was in the plot treated with H. bacteriophora
(94.1%), while on the two other treated plots an efficacy of 88.2 % was recorded (Fig.
4.14.).
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Figure 4.14. Reduction in number of adults of Plum Sawflies caught on white sticky
plates on plots treated with S. feltiae, S. carpocapsae and H.bacteriophora at 500,000
DJs m? compared to untreated control in the assay with larval susceptibility under

field conditions conducted in 2014 and 2015.

4.3.3. Open field assays

Trials with cages

Application of all three nematode products/species to control adults before anticipated
emergence from the soil in spring resulted in reduction in plum fruit infestation by plum
sawflies larvae. However, these results were variable, indicating that some other factors

could influence the nematode efficacy (Tab. 4.1).
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Table 4.1. Efficacy of Steinernema feltiae, S. carpocapsae and Heterorhabditis bacteriophora

against adult Plum Sawflies in trials with covered cages. Trials were conducted in 2013, 2014

and 2015. DJs were applied prior to anticipated adult emergence at a rate of 0.5 x 10° m™in

0.7 1 m™? water following additionally 1.5 1 m™. Efficacy was assessed by counting infested

fruits in treatments and untreated control.

o~
‘5 Efficacy (%) g .é
5 3
Z = e &
'S & £ &
Q 2] =
S = S.f. S.c. H. b. £ .8
2 = =
g £ £
M o
Popovac 13/04/2013 97.4 94.6 89.9 28
Srebrenik  14/03/2014 78.6 329 81.6 52
Srebrenik ~ 14/03/2014 No damage in control 5.2
Vijacani 14/03/2014 No damage in control 28
Popovac 13/03/2014 Fruits damaged by Monilia 28
Crni Vrh 13/03/2014 Fruits damaged by frost 28
Nevesinje  29/03/2014 Fruits damaged by frost 3.5
Topola 01/04/2015 100 100 92.0 8.4*
Popovac 03/04/2015 -52.6 30.3 321 25.2
Crni Vrh 03/04/2015 Fruits damaged by frost 25.2
Srebrenik  31/03/2015 No damage in control 1.8
Nevesinje  26/04/2015 16.4 23.5 18.7 0.0

* During application it was raining
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In 2013, in the treatment with S. feltiae, 97.4% reduction of fruits infestation was
observed compared to the untreated control. S. carpocapsae and H. bacteriophora
reduced damage by 94.6% and 89.9%, respectively. The nematodes were applied 2 days
before the first adults were captured on white sticky plates. Nematode application
preceded high rain precipitation and followed warm weather during blossom with daily

maximum up to 30°C.

In 2014, at the locality Srebrenik, the highest efficacy was recorded with H.
bacteriophora with 81.6% control, followed by S. feltiae with 78.6%. At one locality high
humidity caused an infection with Monilia sp.of all fruits of the sensitive variety Stanley
which lead to a destruction of the fruit immediately after fruit set. At two localities late
spring frost burned all flowers. At two other localities there was no damage in the control

plots and all treatments.

In 2015, at the locality Topola, application of S. feltiae and S. carpocapsae caused 100
% efficacy, while H. bacteriophora reduced the sawfly population by 92.0%. At the
locality Nevesinje, a reduction of 16.4%, 23.5% and 18.7% of the infested fruits in
treatments with S. feltiae, S. carpocapsae and H. bacteriophora was recorded compared
to control, respectively. At the locality Popovac in the compartment treated with S. feltiae
there were 52.6% more infested fruits compared to the control, while S. carpocapsae and

H. bacteriophora reduced the infestation by 30.3% and 32.1%, respectively.
Open field application
2015

There was no Plum Sawflies eggs observed on flowers in both, control and treatment

plots.
2016

Graphical presentation of infestation levels in treated and non treated plots on Fig. 4.15.,

with precipitation and mean air temperature around time of application on Fig 4.16..
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In the first orchard in Croatia where 500,000 nematodes m™ had been applied, the
percentage of flowers with layed eggs was 9.9+2.9%, while in non treated control it was

31.5+6.4%. Reduction of infestation in the treated plot was 67.8 %.

In the second orchard, where 250,000 nematodes m? had been applied, 7.4+2.3% of the
flowers were with deposited eggs on flowers receptaculum and in control 12.7+£1.8%. A

reduction of infested flowers in the treated plot was 41.7%.
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Figure 4.15. Percentage of flowers with deposited eggs in treatments and control. Field trials with
application of Steinernema feltiae against adult Plum Sawflies were conducted in the orchards in
Vojni¢, Croatia and Babi¢i, Kozara, B&H. Application in first orchard in Croatia with half dose
(250,000 DJ m™) was on the 17™ of March, in second orchard with half dose on the 18™ of March,
in orchard with full dose on the 16™ of March, and in the orchard in B&H on the 21° of March

during the rain.
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Figure 4.16. A: Precipitation and mean tempertaure for Karlovac, 15-20 km away from
orcahrds in Vojni¢ Croatia, and B: Precipitation and mean tempertaure for Banja Luka, 30 km

away from orchard in Babi¢i, Kozara B&H.

In third orchard, where also half the dose of 250,000 nematodes m2 had been applied,
13.0% of flowers were with deposited eggs in treatment and control plot was the same
like in first orchard 31.54+6.4%. Therefore, reduction of fruit infestation in the treated plot

was 41.2 %.

Difference in percentage of flowers with depsoited sawflies eggs in treatment and control

in all three orchards in Croatia was statisticaly higly significant (p<0.001).

In the orchard in B&H, where EPN were applied at full dose, there were 0.1+0.1% flowers
with deposited eggs recorded, while in the control 5.5+2.5% of the flowers were with

eggs, meaning the control effect was 98.2%.

4.4. Discussion

Plum Sawflies spend most of their life cycle in cocoons buried in the soil. Our work
demonstrates that at this stage they are not susceptible to EPN. However, at two short
time intervals, when the larva enters the soil and when adults emerge after pupation
leaving the cocoons, they are highly susceptible. At these stages successful control can

be obtained with EPN.
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There are only a few studies on the susceptibility of Plum Sawflies to EPN. Tomalak
(2006) reported that mature larvae of the Black Plum Sawfly (Hoplocampa minuta) are
susceptible to Heterorhabditis megidis and S. feltiae, while after construction of the insect
pupal cocoon larvae within it were almost unaffected by the nematodes. It was confirmed
in this study since no mortality of larvae was observed when cocoons were treated with
EPNSs. In laboratory assays Ulu et al. (2016) recorded the LDoo for H. bacteriophora, H.
marelatus, S, feltiae and S. carpocapsae of 15, 19, 25 and 34 DJs, respectively, per last
instar larva of the Yellow Plum Sawfly. Doses applied in our assay (21, 42 and 84 DJs
cm?) are similar to the field application dose (50 DJs cm™) and larvae were highly
susceptible, both, under laboratory and field conditions. Even with a treatment at the
lowest number of DJs, larval mortality was more than 90 %. In our trials, a mixture of the

two species of Plum Sawflies was recorded, but the Black Plum Sawflies was dominant.

Several studies stated susceptibility of the closely related Apple Sawfly(H. testudinea)
and Pear Sawfly (H. brevis) to EPNs (Vincent and Belair, 1992; Zijp and Blommers,
1993; Curto et al., 2007). H. bacteriophora, S. feltiae and S. carpocapsae caused 100%
mortality after 72 h on directly exposed Apple Sawfly larvae (Vincent and Belair, 1992).
In the same study S. carpocapsae application at a rate of 40 and 80 DJs cm™ in the
following year resulted in reduction of captured adults by 72% and 68%, respectively.
Field trials in organic pear orchard carried out by Curto et al. (2007) showed that S. feltiae
soil application reduced the adult Pear Sawfly population in the next year too. Moreover,
foliar application in the same trial reduced the number of infested fruits on the same level
like rotenone. Foliar application of S. carpocapsae after fruit set resulted in significant
reduction of secondary damage of apples by Apple Sawfly (Vincent and Belair, 1992).
Six foliar applications of S. carpocapsae during the adult flight resulted in significant
reduction of primary damage in two years but not in the third (Belair et al., 1998).
Secondary damage was not reduced. In our study, foliar application of DJs did not result
in Plum Sawflies larvae infestation by EPNs. The publication (Vincent and Belair, 1992)
does not state time of application but in our trial application was in time when larvae were

already inside infested fruits.

There are reports of two parasitoids of Apple Sawfly, Lathrolestes ensator and Aptesis

nigrocincta. Low levels of parasitism with these parasitoids limits their potential for
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strategy for Apple Sawfly control (Zijp and Blommers, 2002; Babendreier, 2002). In our
study no parasitoids were observed. Beside parasitoids, the entomopathogenic fungus
Paecillomyces farinosus was reported to cause 40 % mortality of apple sawflies larvae
(Grafetal.,1996c). In our study cocoons that spent several months in the refrigerator were
very often parasitized by fungi. Beside live organisms, several biopesticides of botanical
origin were tested against Apple Sawfly. Extracts from plants, like Quassia amara and
Azadirachta indica, provided efficacy of 10.3% to 60% and 0% to 43 %, respectively
(Danelski et al., 2014) and in another studies in treatments with Q. amara 3.8%, 3.2%,
and 2.9% fruitlets were damaged while in the control 9.9 % were infested, but there was

no difference in secondary damage (Neupane, 2012).

Organic fruit production is a growing market and new solutions for control of pest insects
apart from pesticide applications should be adopted. Several approaches and control
agents were tested against Plum Sawflies and closely related Apple and Pear Sawfly, but
results were not consistent or low control effects were recorded. This study reveals that
by precise timing of the application of EPN against emerging adults approximately two
to one week before start of adult emergence and against larvae just before construction of

their cocoon can be a successful strategy to control Plum Sawflies.

This is the first report of a successful adult Plum Sawflies control by EPN. There are not
many reports of successful adult control of insects by EPN, while larval stages have been
frequently reported to be susceptible. We observed a high efficacy of up to 100% with all
three entomopathogenic nematode species S. feltiae, S. carpocapsae and H.
bacteriophora in reducing damage on fruits by their application on the orchard floor
against emerging adult Plum Sawflies. However, in some of our trials, the control effect
was on lower level or was absent. Several factors could have influenced these results.
Precise timing of nematode application, way of application and soil moisture are essential
for successful Plum Sawflies control. EPN should be applied in row space just before first
adult emergency. Application should be with enough water especially in orchards where
tree row space is maintained with grass mulching. Priority should be given to S. feltiae
since it is active at lower temperature which is necessary for application in time of plum
blossom. Soil treatment against Plum Sawflies larvae in time before first larval drop to

the ground and start of producing the cocoon showed high efficacy as well. However,
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priority should be given to application against adults since duration of adult emergence is
shorter compared to duration of descent of larvae into the soil, meaning that nematodes

should be shorter time available in the soil.

The most important influencing factor for success of the EPN application is soil moisture
Weather conditions when we consider soil moisture are more favorable for EPN activity
in early spring in time of adult emergency than in time of larval drop from the trees as

during the winter enough moisture has usually been provided.

Application against Plum Sawflies adults might not only have the potential to control of
Plum Sawflies adults but also provide side effects by targeting overwintering stages of
the Plum Fruit Moth (Grapholita funebrana). Whether these two pests can be controlled

with one EPN application needs further investigation.

Result of this study reveals that EPNs can be effective in controlling adults and larval
stages of Plum Sawflies. Proper timing of application is essential for success and therefore
studies on the development of target stages of the Plum Sawflies are necessary. Foliar
application and application against cocooned larvae did not provide satisfying control
results. It can be expected that results obtained in control of Plum Sawflies can be

extrapolated to the two closely related species, the Apple Sawfly and Pear Sawfly.
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Chapter 5
Temperature-dependent prediction of emergence of
the Plum Sawflies (Hoplocampa flava and Hoplocampa

minuta)
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5.1. Introduction

Ectotherms, among which are insects, relay on external sources of heat for their
development. Because they require certain combinations of temperature and time their
development is in the function of given temperature and time during which it acts. There
are two values that define this process: the lower developmental threshold (LDT), at
which development ceases and the sum of effective temperatures or degree days (DD) a
sum of temperatures above the LDT necessary to complete the different developmental
stages (Ludwig, 1928). Based on these two values, the development of certain life stages
of an insect can be predicted. To define these values it is necessary to obtain data about
the minimal thermal requirements for development, which is usually done through
experiments. In case we lack these data, thermal requirements of closely related species

can possibly be used to estimate those (Jarosik et al., 2011).

Plum Sawflies — Black and Yellow (Hoplocampa minuta Christ, 1791 and H. flava
Linnaeus, 1761) are the main pests of European plum (Prunus domestica), (Caruso and
Cera, 2004; Oroian et al. 2009; Andreev and Kutinkova, 2010; Rozpara et al., 2010;
TamosSiunas et al., 2014) but much more studied is the closely related species Apple
Sawfly (Hoplocampa testudinea). They are univoltine species that belong to the order
Hymenoptera, family Tenthredinidae. They hibernate in the soil as prepupa in a cocoon.
Adults emerge in spring in time of blossom of early varieties and lay eggs in freshly
opened flowers. These eggs hatch after petal fall. A larva of Plum Sawflies hatches from
the egg when fruits start their development. They then penetrate fruits and feed on the
seed and the flesh around of the seed. The fruits with the larva inside are recognized by
entering hole. Damaged fruits drop to the ground. During the course of feeding one larva
of the Plum Sawflies can destroy up to 6 fruits what makes these pests extremely
destructive. Together with the last infested fruit, the larva of the Plum Sawflies falls to
the ground and burrows into the soil and cocoons at a depth of 5 to 20 cm. Then it turns
to prepupa and stays in diapause until the next spring, but a portion of the population can
prolong diapause to two or even three years. Its life cycle is synchronized with the host

tree phenology but they can differ in years (TamoSiunas, 2014).
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Figure 5.1. Yellow Plum Sawly (Hoplocampa minuta Christ, 1791) on the left and Black
Plum Sawfly (H. flava Linnaeus,1761) on the right.

Figure 5.2. Plum fruits infested with Plum Sawflies larvae.
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Management of Plum Sawflies is based on synthetic insecticides application. Application
of insecticides is in time of petal fall what can be harmful for beneficial insects and mites
that are present in orchards at that time. Environmental friendly entomopathogenic
nematodes have a potential as biological control agents against Plum Sawflies.
Entomopathogenic nematodes are highly effective against soil dwelling stages of insects.
Against Plum Sawflies they are applied into the soil before adult emergence, since the
nematode invade the insect during adult emergence from the soil. For successful control,
the correct timing of application is essential. The closer the application towards first adult
emergence, the better is the activity of the nematode material and the higher is the chance
for successful control. Precise forecasting models for adult emergence are crucial for
successful control. There is a report by Tamosiunas et al. (2014) from Lithuania about
condition that favour Plum Sawflies emergence at the beginning of May. They proposed
a temperature sum model to predict first adult emergence and started calculating the
degree days (DD) for the temperature sum accumulation on the 1% of April. However, in
the Southern regions of Europe first adult catches in some years have already been
recorded in March. Prediction of the start of the sawflies flight activity is based on DD
(Grafet al., 1996a; Zijp and Blommers, 1997; Tamosiunas et al., 2014).

The aim of this study was to investigate when emergence of the adult stage of the Plum
Sawflies can be expected based on LDT, starting day for DD accumulation and

temperature sum based on conditions in Northern parts of Bosnia and Herzegovina.

5.2. Material and methods

Plum Sawfly flight was monitored during 2012-2016 in a 0.2 ha orchard situated in Banja
Luka, with 45 plum trees of the varieties Ca¢anska rodna, Cacanska lepotica and Stanley
grafted on Myrobalan Plum (Prunus cerasifera Ehrh.). Every year before the beginning
of the flight, 5 hand-made white sticky traps where placed in the tree canopy at a height
of 1.8 m. Sticky traps were made of white tarpaulin of 22 x 13 cm, to which on both sides
transparent sticky traps for codling moth trapping were attached. The traps were checked

daily for presence of adults.

Daily temperatures were recorded at 2 m above ground, 5 cm and 10 cm underground at

an official meteorological station Banja Luka situated 4.5 km from the orchard.
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5.3. Results

400

2012 2013 - ==2014 —_— - =2015 - - 2016

350

300

[\
W
S

Accumulated DD
[\®)
S
(e

o S e =S =S AN AN AN AN AN AN NN OO N OO NO T OANTOANT A 0 — O — O Wn
— e e e e e o e e e e = S — — AN AN NS S — — N S s~ r— NN S~ —
B T e B 2 I o B o T o 2 T N
— O — O — O — O — O — O — — = = = AN AN AN N en N on N < <
— — AN — — AN A N
Date

Figure 5.3. Accumulation of sum of the effective temperatures (DD) backward from the date
of Plum Sawflies emergence over 5 years (2012-2016) for soil temperature at 10 cm and LDT

4.0°C.

The temperature sums, recorded at 5 cm under bare ground, that were accumulated from
the 1% of January until the day of first adult captures in each of 5 experimental years were
169£10 and 145+10 when as LDT were taken 4.0°C and 4.5°C, respectively. When the
15" of January was taken as a starting day for accumulation of degree-days, average
temperature sums and standard deviation were 163412 and 132+13. At later starting days
standard deviation increased even more, as for the 1% of February when accumulated DD
were 151+£23 and 134+21. The temperature sums measured at -10 cm showed a similar
tendency of standard deviation and also dependence on the day of start of temperature
accumulation (Fig. 5.3.). The lowest standard deviation of accumulated DD for soil was

around the 1% of January while for air temperature around the 15" of January (Fig. 5.4.).
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The date with lowest standard deviation can be taken as a starting point for accumulation.
Difference in DD and days of observed adult emergence and average for 5 years are

presented in Tab. 5.1. and Tab. 5.2.
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Figure 5.4. Standard deviation of mean of the accumulated temperature (DD) backward from
the date of first adult emergence of Plum Sawflies over five years (2012-2016) for
temperatures measured at 2 m above ground, 5 cm and 10 cm underground for two lower

developmental threshold temperatures (LDT) of 4°C and 4.5°C.
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The day of first adult capture was during the period from the 12 of March until the 12
of April, average on day 89.0+12.7 (28" of March) since January 1%

Postdiapausal development of sawflies occurs in the soil and thus it seems obvious to use
the soil temperature to predict adult emergence. However, most weather stations in
orchard only measure temperature at 2.0 m above ground. Therefore, temperature sums
at 2.0 m were analysed for two LCD 4.0°C and 4.5°C. When the 1% of January as a starting
day of DD accumulation was chosen, the average temperature sums were 200+14 and
177+15 for LCD 4.0°C and 4.5°C, respectively. The average DD when accumulation
started on the 15" of January were 181+8 and 161+11, while on the 1% of February they
were 152421 and 138+24.

The purpose of the study was not to measure length of sawflies diapause, but it could be
seen from the Figure 5.3. that in 2014 it lasted 30 days. In November and December 2013,
soil temperature at 5 cm were below the LCD for 30 consecutive days. There were
additional 12 and 14 days for the LCD of 4°C and 4.5°C, respectively, during the second
part of January below the LCD. But between these two periods below LCD additionally
65 and 53 DD were accumulated for lower and higher LCD, meaning that diapause was

already broken.

5.4. Discussison

The date of the first Plum Sawflies catch varied over the years. Since it occurred in a
range of 32 days, a fixed date cannot be used as a source for prediction of start of sawflies
emergence. Accumulation of degree days, (DD) is used as a useful tool to predict start of
sawflies flight (Graf et al., 1996a; Zijp and Blomers, 1997; Tamosiunas et al., 2014;
Sjoberg et al., 2015). Empirically, the lowest standard deviation for accumulated DD was
when accumulation started on the 1% of January for both soil temperature measurements
at5 cmand 10 cm (Fig 5.2.). There was no difference between the two thermal thresholds
0f4.0°C and 4.5°C (Tab 5.1.). Standard deviation increased if the starting day was chosen
later. Therefore it is proposed to start accumulation of temperature data on the 1% of
January and consider the accumulated DD temperature sum of 169+10 and 145+10 for
LCD of 4.0°C and 4.5°C, respectively, when soil temperature is measured at 5 cm for

start of Plum Sawflies flight in the Northern part of Bosnia and Herzegovina. In a study
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performed in Lithuania (TamoSiunas et al., 2013) it was proposed to take the 1% of April
as a staring day for accumulation. However, this study revealed that in conditions of
Northern Bosnia and Herzegovina the average date of first adult flight advanced more
than a month compared to Lithuanian conditions. Moreover, they calculated 84 DD for
4°C as LCD while in our study the smallest variation was assessed for a DD of 169.
Different climatic conditions of Southern parts of Europe require different parameters of
prediction of the start of the flight of Plum Sawflies compared to studies in Northern

countries.

For farmers it is more suitable to use air temperature, since the majority of them do not
have thermometers for soil temperature. The smallest variation of temperatures during
the 5 year study was assessed when the starting day was the 15" of January. Farmers
could use this date as starting point of accumulation of temperature and can expect that
first adults will appear on 181+8 DD and 161£11 DD for LCD of 4.0°C and 4.5°C,
respectively. The prophylactic manner of entomopathogenic nematodes application
therefore requires application before first adult emergence. To avoid late application in
practice, due to deviations from the mean temperature sum, it is suggested to subtract
twice the standard deviation (2 x 8 and 2 x 11 DD) from the mean air temperature.
Consequently application should be at 165 DD or 138 DD for a LCD 4.0°C or 4.5°C,

respectively, measured from the 15 of January.

The length of diapause for Plum and Apple Sawflies seems quite different although they
are closely related species. Graph et al. (1996b) concluded that diapause of Apple Sawfly
came to the end at the begining of March for conditions of Switzerland, but when cocoons
were exposed earlier to temperasture above developmental threshold they needed more
DD to finish their development. This could explain the smaller variation of DD when
calculation started on the 15" of March, since sawflies just finished diapause (Zijp and
Blommers, 1997; TamoSiunas and Valiuskaite, 2013). However, our study revealed that
the smallest variation in DD for Plum Sawflies was when the 1% of January was chosen
as a starting day for temperature accumulation suggesting that the length of diapause is
shorter in Plum Sawflies compared to Apple Sawfly. From this study it could be
concluded that the diapause of studied population lasted less than 32 days but more than
21. In 2012, 21 days below 4.0°C were not enough to break diapause, but in 2014 after
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32 days below the thermal threshold accumulation of DD started. Diapause in Plum
Sawflies terminates already by the 1% of January for conditions of North Bosnia and
Herzegovina, while for Apple Sawfly it is at March for conditions of Central and Northern
Europe. The Apple Sawfly is an important pest only in North of the Alps (Graf et al.,
2002), since they need longer time for diapausal development, conditions which are often
not achieved in Southern Europe. Apple Sawfly is present only in mountain regions of
Southern Europe with a longer period of temperatures below LDT. Due to a shorter
diapause length of Plum Sawflies and their ability to fulfil diapause requirements they are

key pests of plums in South Europe as well.

Different climatic conditions of Southern Europe compared to Northern and Central
Europe require different approaches for calculation of first adult emergence that is crucial
for effective entomopathogenic nematode application against adult Plum Sawflies.
Farmers can apply the nematodes on 165 DD when air temperature is measured for LDT
and starting day of accumulation is the 15" of January. In case that farmers have data of
soil temperature at 5 cm, accumulation of temperature should start on the 1% of January
and application should be on 149 DD. Due to a shorter diapause length of Plum Sawflies
they are important pests all around Europe, while a longer diapause of Apple Sawfly

restricts them more to Central and Northern Europe.
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Chapter 6

General Discussion
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Plum Sawflies are key pests of plums. They are predominantly suppressed by synthetic
pesticides. Recent bans of many registered pesticides for sawfly control and the
introduction of integrated and organic approaches in production required by consumers
and retailers, impose the search for new tactics for the control of these pests.
Entomopathogenic nematodes (EPN), natural insect pathogens, have a high efficacy
against several soil-dwelling insect pests. Improvements in production and application
technologies for EPNs have brought them into the position of being much more
competitive with pesticides. They are exceptionally safe for humans and the environment
and do not require registration in most countries, why the market is exponentially growing

for these nematodes and their bacterial biocontrol symbionts.

Larval susceptibility of Plum Sawflies under laboratory conditions was proven in the
studies of Tomalak (2006) and Ulu et al. (2016) with mortality of over 90%. However,
there are no reports on the susceptibility of other life stages, timing of application and
field test results with recommendations for farmers. Moreover, the closely related species
of the Apple Sawfly (Hoplocampa testudinea) and the Pear Sawfly (Hoplocampa brevis)
could be controlled in the same or similar way based on the approach proven for Plum
Sawfly control. With this background the present study was initiated to evaluate the
potential of commercially available strains of EPN for Plum Sawfly control by: 1)
laboratory and field tests of different EPN species targeting the most susceptible stage of
Plum Sawflies; 2) optimizing timing of field application by monitoring temperature
requirements of the target stage of Plum Sawflies and 3) a survey for EPN in Bosnia and
Herzegovina to check for the presence of certain species, which is a prerequisite for

registration of EPN as a biocontrol agent.

In this study, EPN showed potential to suppress populations of Plum Sawflies. The waste
majority of reports targeted larval stage with EPN. In this study, beside larvae adults of
Plum Sawflies were suppressed by EPN successfully. Soil stages are vulnerable but only
during their migration through the soil. Larva inside cocoons are protected and EPN were
not able to penetrate the cocoon. Only migratory stages in the soil were susceptible, larvae
during migration through the soil before they enclose in the cocoon and adults during
their emergence. The cocoon presents a mechanical barrier, which EPN are unable to

penetrate. This structure presents a mechanical barier that protects the pest during its
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diapausing stage when it is exposed to soil inhabiting natural enemies and environmental
factors (Danks, 2004). Cocooned larvae or pupae would present the most desirable target
stage since the complete population could be targeted at once. Since Plum Sawflies spend
the majority of the year in the soil inside the cocoon, almost 10 months, it would leave
plenty of time for EPN application. However, this stage is not accessible, but migratori
stages are. EPN can infect Plum Sawflies in short time during larval migration through

soil, but before it encloses itself inside cocoon and during adult emergence.

While under laboratory conditions mortality of larvae of Plum Sawflies caused by S.
feltiae, S. carpocapsae and H. bacteriophora did not differ significantly, under field
conditions the lowest number of emerging adults after one and two years treatments was
in the plot applied with H. bacteriophora, although all nematodes had an efficacy above
90% after two years of applications on the same plots. However, the highest efficacy
against adults during their emergence from the soil was achieved with S. feltiae.
Environmental factors such as temperature, moisture, aeration and soil type, but also
biotic factors as target insect and soil biota can influence success of EPN application

against certain pests (Lacey and Georgis, 2012).

Difference in efficacy of EPN against different life stages of Plum Sawflies might be
influenced by both, environmental and biological factors. Since under laboratory
conditions all nematodes showed similar efficacy against larvae of Plum Sawflies, one
could assume that differences after field application do not lie in the host susceptibility,
but in better performance of H. bacteriophora at environmental conditions during the

trial.

Application of nematodes against the larval stage require their presence before the start
of emergence of larvae from the infected fruitlets. This process starts at conditions of
Northern Bosnia and Herzegovina at the end of April or beginning of May and lasts for
approximately three weeks. During this period the nematode should be able to parasitise
larvae that have emigrate from infested fruit, drop to the soil and migrate to deeper soil
horizonts for cocooning and later pupation in spring. The larvae usually migrate to soil
layers of 0-5 cm and seldomly down to 20 cm. Since the nematodes do not need to search
for the target host, but rather can wait and invade it, foraging strategy of cruiser nematodes

are not advantagous over ambushers. However, the nematodes should persist up to three
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weeks and be able to infest larvae of Plum Sawflies. Soil moisture is the most critical
abiotic factor that affects the nematodes (Stuart et al., 2006). Therefore it would be crucial
to keep the soil moist at the level close to field capacity, providing optimal conditions for
EPN activity. However, targeting adult stage one month to 45 days earlier would provide
much better enviromental condition since average temperatures are lower and soil
moisture is higher due to accumulated water during the winter. Soil temperatures in time
of blossoming is lower than in time of larval drop to the soil. In conditions of Banja Luka,
Bosnia and Herzegovine during the study period 2012-2016 plum blossoming started
from mid of March till mid of April, while the larvae start to drop at the end of April until
the beginning of May. Moreover, adult emergence of Plum Sawflies happens over a

shorter time compared to larval descent into the soil.

Efficacy of EPN against adult Plum Sawflies varied during the 3 years trials, but generally
S. feltiae provided the highest efficacy against adult Plum Sawflies among treatments in
cages. Temperature could be the reason why this nematode was the most succesful in
suppression of damage produced by Plum Sawflies larvae. During the time of blossoming
soil temperatures are at lower levels and cold active nematodes provide a better potential
for control. In the study of Chen et al. (2003), S. feltiae was able to invide a host at 10°C,
S. carpocapsae at 15°C and H. bacteriophora at 20°C. However, their efficacy increased
with increase of temperature. Variation in efficacy among treatments could be due to
weather conditions in different years. When the rainy weather preceeded, nematode

application efficacy reached up to 100%.

In open field trials, S. feltiae efficacy differed depending on nematode concentration and
weather conditions during nematode application. The highest efficacy was in the trial
when application was during rain fall. Moreover, in this orchard floor in the rows, in time
of application, was without grass. Application of 0.2 1 m™ water suspension of EPN over
grass in open field trials resulted in efficacy much lower compared to trials in cages when
the nematodes were applied in suspension of one liter m? following application of
additional one liter m™ post nematode application. Applied EPN should reach top layer
of the soil. The soil is a more suitable environment for EPN survival compared to the
grass surface and is better to parasitise emerging adults of Plum Sawflies. It seems that

in case of application over grass, much more water is needed to assure that nematodes

71



reach the soil. Field application with the rate of 10,000 liters of water/ha is not practical
for farmers. Application during rain revealed efficacy of almost 100%. However, rain
periods did not preceed adult emergence for an acceptable time period in some years.
Moreover, the slope of orchards would not allow application during rain at many sites.
Keeping row space grass-free in time before blossoming could provide better conditions
for nematode application as well. When EPN were applied during rain or sufficient
amounts of water were provided for application to the bare ground, levels of control were
comparable to insecticide applications. It might be possible to even use less nematodes
under these conditions to achieve similar efficacy and thus contribute to a better economy

of Plum Sawflies management.

In some trials application of EPN was even two weeks before first adult emergence.
Mortality of EPN post application is highest during the first minutes and hours following
application, reaching approximately 40-80% (Smits, 1996). Remaining population
decrease was estimated at 5-10 % per day. Decreasing the time of nematode persistence
in the soil can be obtained by more precise timing of the application. In the case of
application of EPN against adult Plum Sawflies, ideal timing would be just before start
of adult emergence. In poikilotermic animals, like insects, development of certain stages
is temperature dependent. Emergence of adults of Plum Sawflies in conditions of
Lithuania is at the beginning of May (Tamosuinas et al., 2014). The model that anticipates
this event is based on calculating of sum of temperatures from the 1% of April. However,
in this study under conditions of Northern Bosnia and Herzegovina emergence of adults
started in a range from the 12" of March until the 12 of April suggesting that a different
model should be proposed. The lowest standard deviation of accumulated soil
temperatures at 5 cm during the five years was when calculation started on the 1% of
January, whereas for air temperature it was from the 15" of January. Calculated
temperatures were 169+10 DD and 181+8 DD for soil and air temperature and thermal
threshold 4°C. To avoid late application in practice it is suggested to subtract twice the
standard deviation from the mean. Consequently, application should be at 149 DD for soil
temperature at 5 cm calculated from the 1% of January, and 165 DD for air temperature

from the 15™ of January for a thermal threshold of 4°C.
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During the study the presence of parasitoids was not observed in Plum Sawflies, but
pathogenicity of entomopathogenic fungi to cocooned larvae was frequent. Probably,
their populations are not able to cause epizootics, since in untreated orchards Plum
Sawflies are highly devastating. There is about 700 described species of fungi determined
as entomopathogenic, and 171 products were registered as mycoinsecticides or
mycoacaricides by 2007 (Faria and Wright, 2007) giving space for another research area

of their application against Plum Sawflies.

Based on this study EPN are able to control Plum Sawflies if application is done under
certain conditions. At the moment, biological control of Plum Sawflies by EPN is still
more expensive than application of synthetic insecticides. On the other hand, production
costs of EPN are lowering continuously, bringing them into better position and more
frequently used by farmers (Shapiro-Ilan et al., 2012). Farmers in organic production do
not have product that can successfully control these pests. Entomopathogenic nematodes
could be incorporated in their control strategy. In strategy of management of Plum
Sawflies, farmers have to consider that they are univoltine species and that portion of
population stays in diapause for two years. This means that if in two consecutive years
there was no observed damage or it was very limited, in next year population of sawflies

will not make damage above economical threshold.

Considering common parts of the life cycle of Plum Sawflies and Apple and Pear Sawfly,
management of the pests can be based on a similar approach (Happe et al., 2016).
Moreover, application of EPN in spring could affect overwintering populations of Plum

Fruit Moth (Grapholita funebrana) and Codling Moth (Cydia pomonella).

Graph et al. (1996b) concluded that lenght of diapause of Apple Sawfly came to the end
at the begining of March for conditions of Swityerland. When they were exposed earlier
to temperatures above developmental threshold accumulated sum of efective temperture
increased lineary but when cocoons were exposed earlier to above developmental
threshold temperasture they needed more acumuated sum to finish their development.
This could explain the smaller variation of DD when calculation started on the 15" of
March, since sawflies have just completed their diapause (Zijp and Blommers, 1997;
TamosSiunas and Valiuskaite, 2013). However, our study revealed that the smallest

variation in DD for Plum Sawflies was when the 1% of January was chosen as a starting
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day of temperature accumulation, suggesting that the length of diapause is shorter in Plum
Sawflies compared to Apple Sawfly. From this study it could be concluded that the
diapause of studied population lasted less then 32 days but more than 21. In 2012, 21 days
below 4.0°C were not enough to brake diapause, but in 2014, after 32 days below thermal
threshold, accumulation of DD started. Diapause in Plum Sawflies terminates already by
the 1% of January for conditions of Northern Bosnia and Herzegovina, while for Apple
Sawfly it is in March for conditions of Central and Northern Europe. The Apple Sawfly
is an important pest only northof the Alps (Graf et al., 2002) since they need longer time
for diapause development, while Plum Sawflies are key pests in all Europe, due to shorter
diapause length. The lengths of diapause for Plum Sawflies and Apple Sawfly seems quite
different although they are closely related species, what could be the main reason for their

distribution within Europe.

Results of the survey revealed presence of four species of EPN in Bosnia and
Herzegovina. S. feltiae appears to be the most common species, followed by S. kraussei
and S. carpocapsae. H. bacteriophora was the only representative of heterorhabditids.
Besides geographic diversity in the country the nematodes were isolated from soils from
central parts in the mountains or hills. The only species that was isolated from lower
elevation was H. bacteriophora. The nematodes were isolated from their preferred
habitats reported from previous reports. Two isolates of S. kraussei were found from
mountain regions where annual temperature is below 9°C. S. feltiae was isolated from
different altitude and vegetation types confirming its cosmopolitan adaptation. S.
carpocasae was isolated from an orchard and from clay soil. Interestingly, nematodes
were not isolated from samples collected from the northern flat areas of the country, and
eastern and southern parts. A significant number of samples were taken from forests, but
entomopathogenic nematodes were not obtained. Another type of survey, more targeted
to sites with more insects prevalence could yield more isolates. In legislation of the
country it is obligatory to confirm that a species is indigenous for the country before it
can be introduced in the environment as a biological control agents. Therefore, results of
this survey are the basis for registration of species of entomopathogenic nematodes as
biocontrol agents in Bosnia and Herzegovina. Beside Plum Sawflies some other insect

pests, such as Plum Fruit Moth (Grapholita funebrana) can be controlled by
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entomopathogenic nematodes too as a part of integrated pest mangement or in organic

production.

In conclusion...

The survey revealed presence of three steinernematids and one heterorhabditid species in
Bosnia and Herzegovina. This is the first report of the presence of S. feltiae, S. kraussei,

S. carpocapsae and H. bacteriophora for the country.

Adults and larval stages of Plum Sawflies can be effective controlled with EPNs. For

adult control S. feltiae could be proposed and for larvae H. bacteriophora.

Efficacy of EPN depends on soil moisture, soil cover and amount of applied water.

Optimizing these factors provides control level similar to sinthetic pesticides.

To determinate optimal timing of EPN application against adult stages of plum sawflies,
a temperature driven model for adult emergence was developed for conditions of

Northern Bosnia and Herzegovina.
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YHUBEPIUTET ¥ BALOJ JIVIIH

HNOJbOITPUBPEJHHU ®AKYJIITET
BT Y By

or B

MU3BJELITAJ

0 ouyjenu ypaliene 00oKmopcke oucepmayuje

I IIOJAIIH O KOMUCHUJIH

1) Omrykom HacraBuo-nayunor sujeha Ilossonpuspemnor daxyarera Opoj 10/3.1347-6-
15/17 om 23.05.2017. roxuHe MMEHOBAHA je KOMHCHja 3a TIHCame M3BjelliTaja O OljeHH
ypaheHe mOKTOpcKe mmcepTalije M 2a oa0paHy DOKTOPCKE OUCEPTAlMje KaHujaTta mp
Bbpanumupa esxuha moa nacaosom "Kontpona ocuua uususe (Hoplocampa flava L. n
Hoplocampa minuta Christ.) eHTomMonaTtoreHuM Hematogama" y cibenehem cactaBy:

e Tlpod. ap [opmama Bypuh, pemosun npodecop Ynusepsutera y bamoj Jlyun,
[Mosmonpusepenau ¢axkynTeT, yxe HaydHe oOmacti: XopTukyntypa u OuyBame
TEHETHYKHMX pecypca, IPeicjeHuUK,

o Tlpod mp Pand-Ymo Enepc, Baupeguu mnpodecop VYuusepsurera y Kiy,
[MomonpuBpento-npexpambenn taxynrter, Ihemauka, y:xa Hayuna obnact 3amrura
Onsbaka, MEHTOP,

e TIlpodp. mp Cmexanma Xpuumh, pemoBnn npodecop VYruBep3urera Llpue Iope,
Brotexunuku dakynTer, yka HayuHa o0macT EHTOMOIOrH)a, YwiaH,

e [Ipod. mp Mapex Tomamak, pemoBHM npodecop HaluMOHATHOT HCTpPaKUBAYKOD
MHCTUTYTa, WHCTUTYT 3a 3amTury Omipa, [losman, IMosscka, yKa HayyHa oOmacT
EnTomonoruja u 1eMaTonoruja, 4iaH,

o TIpod. mp Cranucnas Tpmam, pemoeun npodecop YHuBepautera y JbyOibanu,
Bbrorexnnuku daxyarer, CroBenuja, yxa HayuHa o0macT 3amTura O1ibaka, YiaH.

2) HaBecTH cacTaB KOMHCH]je ¢a Ha3HAKOM MMEeHa H Ipe3MMEHA CBAKOT 4iaHd, HAYYHO-HACTABHOT 3Bakhd, HATHBA
yiKe HayuHe 00nacTH 3a Kojy je n3abpaH y 3Base U HA3ZUBA YHUBEP3NTeTa/PaKkynTeTa/MHCTUTYTA Ha KOjeM je
YJIal KOMHCH]E 3a110CTEH.

ITIMMOJALIN O KAHIAHUIATY

1, bpauumup, Munoma, Fhexwh.

2. Pohen 04.01.1979. rogune y bamoj Jlynu, bocna u XepierosuHa.

3. Epacmyc Mynayc mnporpam: EBporickd MarucTepHj H3 HEMAaTOIOTHje, Marucrap
IOJBOIIPUBPETHAX HayKa.

4, Yuusepsurer y T'enry, Benruja, nacnmop maructapcke tese: "Yrtuuaj Tagetes patula cv
Single Gold na Meloidogvne chitwoodi, Pratylenchus penetrans u Steinernema feltiae”.
Hayuna ofnacT: nossonpuepese Hayke, onopamena 30.06.2010. ronune.

5. Hayuna o01acT moJp0IpuBpeaie HayKe

6. Jloxtopcka auceprauvja je npujasieeHa 2015. romune, cknagy ca 3aKOHOM O BHCOKOM




Obpazan -3

108/13; 44/15; 90/16).

1) Hme, 1Me jeIHOT ponuTe/ba, NPCIHME;

2) Jlatym pofjelba, onutisa, ApKasa;

3) Hasur yHHBepsuTeTa n dakynTeTa H Ha3HB CTYIH]CKOT NporpaMa akaneMckux crymnja I mukmyca, omHOCHO
MOCTH]/IMIIOMCKHX MarHCTAPCKHX CTYAR|A H CTEYEHO CTPYUHO/HAYYHO 3BahE;

4) MakynTeT, HA3HB MArHCTapcKe Te3e, HaywHa o0NacT M JaTyM oI0paHe MarHcTapeKoT paja;

5) Hayuna obmacT H3 Koje je cTedeHo HayyHO 3Bake MarucIpa HayKa akaJeMcKo 3Bake MacTepd;

6) CofiHa yIHca Ha IOKTOPCKE CTYAN]S W HAKME CTYAH]CKOL IIpOrpaMa.

111 YBOJIHH U0 OIJEHE JOKTOPCKE JAUCEPTAIIUJE

1. Hacnos gokropcke mucepramyje "KonTtpona ocuna nsuse (Hoplocampa flava L.
Hoplocampa minuta Christ.) eHTOMONATOreHUM Hematoaama',

2. Tema auceprauuje je npuxsahiena oa crpaHe HacrasHo-HayuHor Bjeha
[MomonpuspenHor daxynrera oxmyka op 10/3.3951-1-12/15 o 23.11.2015. ronuue u
Cenata YruBepautera 0p 02/04-3.4139-128/15 ox 28.12.2015. roaunse.

3. Canpskaj IOKTOpCKE qUCEPTAIlHje 10 OrIaBlbuMa je cibeaehu:

1 Veon 1-5;

2 llpernen nutepatype 6-20;

3 MOHHMTOpHHT Ha IPUCYCTBO EHTOMONATOIeHUX HeMaToa y bocHu n
Xepueroeunun  21-31;

4 EdukacHOCT eHTOMONATOIEHUX HEMAaToAa ¥ Cy30Hjamky OCHIIA LI/LUBE
(Hoplocampa minuta L. n Hoplocampa flava H.) y nadopaTopujcKuM U
TIOJECKHAM YCIIOBMMA 32-56;

5 TemnepatypHu MOAEN [10jaBe NPBUX UMara ocHua nuusnee (Hoplocampa flava
u Hoplocampa minuta) 57-67,

6 Onmita auckycuja  68-75;

7 Jlutepatypa 76-88;

[Ipuno3u y aucepTanujy cy:

Crivcak Tadbena, crivka W rpagmka  §89-93;

Buorpaduja kananaata 94-95.

4. Jloxropcka nucepTaldja je Hanucana Ha ykynxo 103 crpanuue, A4 dopmara ox uera
je 9 yBOJHHMX CTpaHHLA: MOAHACIOBHHIE, TOJALM O MEHTOPY, CAXKETaK Ha CHIVIECKOM
W CPIICKOM jE3MKy, 3aXBald M cajapiaj; 3aTUM 88 cTpaHMua TeKcTa AHCEpTaluje Ha
eHrieckoM jesuky ca 7 tabema, 24 rpadmkona u cnmka, mommc 115 xopuurthenux
ITUTEpaTypHUX M3BOPA, K0 U 6 cTpaHuua ca mucToM Tadena, rpaQUKoHa M CIUKA U

1)} Hacnmoe DOKTOpPCKE AHCCpTaLHjc;

2} BpijeMe H OpraH KOjH je NPHXBATHO TCMY TOKTOPCKE JIMCepTallHje

3) Cagpskaj JOKTOPCKE AHCEPTALM]E ¢4 CTPAHMUEHEM;

4) Hcrahi ocHOBHE IMoJaTKe © HOKTOPCKO] muceprauuju: obum, Opoj rabenma, cnuka, mieMa, rpadukoHa, 6poj
[UTHpaHe THTepaType H HABECTH IMOITIABIEA.

IV YBO/I U ITPETJIE JINTEPATYPE

1. Ocnue wwbuse Hoplocampa flava L. u Hoplocampa minuta Christ cy najsnadajHuje
WTEOUMHe NIBMBE. Mjepe cy30OMjama Koje Cy TPEHYTHO JOCTymHe npouspohaumma cy
MCKJbY4HBO 3aCHOBAHE HA NPUMjEHH CHHTCTHCAHMX MHCEKTHUMJA Y BPHjEME OTNajaarba
natuna. Crora je HJB OBE QHCEpTanrje O1o j1a cc OLHMjCHU MOTEHIN]all eHTOMONATOTCHHX
nematoga (EINH) xao GuWomomkwx areHaca y cys3OWjamy jeIHMX 0] Haj3HAYajHH]HX
WITETOYHMHA NUUBKMBE, *KyTe NUbUBHHE ocuue (Hoplocampa flava L.) n UpHE NUBMBHHE
ocune (Hoplocampa minuta Christ). Komepumjanuu npemapatu Ttpu spere EITH
Steinernema feltiae, S. carpocapsae u Heterorhabditis bacteriophora ¢y TcCcTHpanu 3a
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KOHTPOJIMCAHUM NadOpaTOPHjCKUM YCIOBUME, TOTYKOHTPOIHCAHUM MOJLCKHM YCIOBUMA
W TMOJbCKHM yciioBuMa. Kpos oa Tectupama onadpaHa je BpcTa HEMaroaa Koja je
nokasana Hajpehy eduKacHOCT, Te UCIIUTaHU HAJIIOTOTHW|H YCIOBH HBeHe npumjere. [a
Ou ce mobossmana epukacnocT mjemosama EITH npalied je sXUBOTHH HUKITYC IITETOYHHE,
¢ moceOHMM OCBPTOM Ha CTagujyM KojH je cy3dujad. [lowTo cy ce umara ocHua U/bHBE
IIOKA3aIM Kao HajlIOroJHU|U CTAANjyM 3a cy3bujame, pa3BHjeH je Moxen nmpahema mojase
MMara y 3aBHCHOCTH OJ TeMenepatrype. 3eM/bUIIHM y30puu U3 wnujene boche u
XepuerosuHe Cy CaKyIUJbEHH W HCITMTAHM HA TPUCYCTBO ayTOXTOHUX momynanuja EITH.
ITomTo NOKanmHa JIErMCNATHBA, 33 PErMCTPAlM]y NpenapaTa 3a OMONOLIKY KOHTDOIY,
3aXTH]EBa TIOTBPAY TIPUCYCTBA BpCTE HA TEPUTOpHje OpsKaBe, TOTBpAa IIPHCYCTBA BpPCTa
ETIH omoryhuhe peructpanujy u npuMjeHy IbUXOBUX IpenapaTa Ha Tepuropuju buX.
Lipra ocuna uwense (Hoplocampa minuta Christ.) ¥ xyTa ocuna msuse (H. flava L.)
(Hymenoptera, Symphyta, Tenthredinidae) ce jenHuM HMEHOM Ha3MBAjy OCHUE LIBUBE,
Onc mpeacraBieajy  jellHe OJ] Haj3HAYajHUJUX I[UTETOYWHA MIJBUBC H IIHPOKO CYy
pacnpocTpambene. Mory aa mpoy3poKyjy BeoMa 3HadajHe IITeTe, KOJ€ NOHEeKai H3HOCe U
no 100%. TpenyTHo Mjepe cy30Oujama ce 3acHHBAjy MCK/BYUHBO Ha IIPHMjEeHH
CHHTETHYKHX MMECTUIIIA jep Npou3BoljaurMa HUCY JOCTyIHE Apyre Mjepe cy3bujama koje
cy DOBOJBHO cukacHe, [lpuMjcHa HHCCKTHLMIA je V BpHjeMe OTHaama JaTHlla, Maja y
HEKMM MOApPY4jHMd TMpPOM3BONjdvd Bpule TPETMaHe M Ha TMOUETKY IBjeTama IUBUBE.
Jenunn OMONOIIKK areHCc KOjM je [eTajbHO IpoyuaBaH 3a cysdujame OnuMCKe IITETHE
BpcTe, jaOyKMHC OcHIle, j¢ TlapasuTcKa ocHua Lathrolestes ensalor. Pesyntatn cy
nokasau ma edexar cysOujama HUje 3an0Bo baBajyhn. Takohe, cnuyan HHBO KOHTPOIE
NOCTUTHYT j& U ¢a NPUMJEHOM eKCcTpaKkara Ouibke (uassia amara.

Beoma OnmcKe BPCTE OCHIIAMA HIJBMBE CY M IITCTHC BpCTe jabykuHa ocuua Hoplocampa
testudinea u kpyuikuna ocuta Hoplocama brevis. Oculle IbMBE UMajy jeJHY TeHEpaLH]y
TOOMIIELE ¥ BeRMHY BpPEMEHA MTPOBENY Y 3€MJbU Kao OJpaciie Japee y kokoHy. Fbuxos
KHBOTHH LIUKIYC j€ roToBo HaeHTHdaH. Eximoznja umara ce goraba y BpHujeMe LiBjeTama
paHux coptd uubkie. JKeHKE MoNHjexKy jaja y dawmbiHe mucTHhRC U3 KOJHX c€ Kajla IO
TIOYHE Pa3Boj Muie napse u yOymyjy v mion. TokoM pasBoja napee owrelyjy cjemeHy
kKyRWIY IITO TOBOAM IO OTMAjame Iutoaa. JedaHa JapBa MOXKE Ja OWITETH 3-0 MI0I0BA.
LlTeTouHHE NPE3UMIBABAJY KA0 OJpacie IapBe y KOKOHY Y 3¢MJbH Ha myOuuu 5-25 cm,
IomTo Cy OCHIE IUBUBE, K40 ¥ CBM MHCEKTH, IOMKUIOTCPMHE KHRBOTHH:E HBUXOB Pa3Boj
j€ Y INPeKTHO] BE3U ca BAFbCKOM TEMIIEPAaTypOM.

Jlo caga HHje pasBHjEeH METOA 3a OMOJIOMIKO Cy30Hjame OBMX LITETOUMHA Koju Ou 0o
IPUXBATIEHMB MTpou3Bohaunma. [TomTo BefiMHY BpeMeHaA OCHLE LIBUBE IPOBEY Y 3EMIBH,
OHE TIPEJCTABIbA]Y TIOTEHLIM|alHO NOrojHe OpraHu3Me 3a cyzbujame kopumhemem EITH.
Kposz mpernen murepaType, mMoxke ce BuijeTd aga cy EINH Ttectupane 3a cysdujame
jaOykuHe W KpyIUKHHE OCHIIE yV OApchcHUM ycnoBumMa. MeljyTHM, JeIHHM CTagu)yM KOjH
je cy36ujan je napsa. bpuienu ¢y U ¢onujapHH TPETMAaHK H TPETMaHH 3€MJBHIITA aTH Ca
OTpaHUYCHUM PE3yITaTHMA.

EnToMornarorene Hematojie mpumnanajy tumy Nematoda. OBa rpyTia ’KHBOTHERA j€ BEOMA
pasHonmka, OpojHa W IWHMPOKO pacmpoctpamena. [lo Tumy wucxpase Mory OHMTH
OakTepnoBopHe, (hYyHTHBOpPHE, MPETATOPCKE, OMHUBOPHE, T€ TMAPA3HTH JKHUBOTHHA H
oumaka. Mehy oBum rpynama HajBeliy naxmy HayYHHMKA MIPHBIAYE HEMATOAE NApPasHTH
KUBOTHESA M OWibaka., HemaTome TOBC3aHE Ca HHCEKTHMA Cy omnmcaHe y mpexo 30
haMunrja, anK je moTeHIHjal 3a OHOIOKO cy30Hjame MITEHNX HICEKaTa OrpaHuyeH Ha 7/
damunuja. Wnak, Hajsehy Mmakey Kao CpEACTBO 3a OMONIOMIKO Cy3OHjame MNpHBIauc
Hmematonae u3 asuje (amuinje Steinernematidae u Heterorhabditidae, nosmate kao
CHTOMOTIATOTCHC Hematone. Mako je mpBa BpcTa €HTOMOIATOIEHHX HEMaToJa OIMCcaHa
npuje rotoeo 100 roguua, ®LMXOBA MacoOBHA IIpUMjeHa 3a cy30Mjame IITEHMX HICEKATA
noyena je Texk npuje 30-tak rommua. Homa casnama o OMONOTWjM HemaTola, Kpyry
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ETIH, pesyatupanu cy ekcrnoHeHuujanaum nosehamem ynotpebe oBux OHONOIIKHX
arcHaca. [lopeg Hay4yHOr M TEXHONONIKOT HampeTka, Op3oM pacty ymotpebe EITH
JONpHHHjENa je M JIErHCIaTHBa KOja MM HE 3aXTHjeBda PerHcTpauujy Hpenapara HiM je
OHa JocTta jenHocraBHa. OBaKaB CTAaTyC je 3aCHOBAH HA MOJAUMMAa KOjU KaXky Oa Hema
HCTATHBHOT yTHLIAja Ha JbYyIe, CHCape, JKUBOTHY CpEeIuMHY U OHIbKE. YCIJelIHOCT Y
cy30Hjarby HITEHUX MHCEKaTa 3acHOBaHA j¢ Ha OJHOCY HeMaTole W OakTepHia, Koje
HEMaToe HOCE ¥ CBOM NpobaBHOM cucTeMy. CMaTpa ce 1a je 0Baj OJHOC pa3BH|EH KpO3
KOHBEPreHTHY eBosyuMjy. bp3o mosehawe ynorpebe EITH oa 80-tux roauna npoutor
BHjEKa, Y 3aIITHTH OWJbaKa je 3acHOBAHO Ha CMamkelky [HjeHe KOIITama IIpernapata,
nosehawy npobnema ca pesucTeHTHOWNY Ha WHCEKTHUMIE, Hanazuma o MoBehaHuMm
KOHLIEHTaplIijaMa OCTaTaka IICCTUIMIA Y XpaHH T€ ILHXOBOM HEraTMBHOM e(eKTy Ha
AWBOTHY cpenuny. ETTH ce Mory npousBecTH ¥ in vive WIH in vilro yclioBuMa. In vivo je
NPOU3BONKA Y JapBamMa BOCKOBOT Mosblia. OBaj BUI MNpOM3BOAKE je jedTHH, alu
3aXTHjera Be/MKy noTpedy 3a pagHoMm cHarom, Ha oBaj HaYWH ce MOTY IPOH3BCCTH Mamkbe
KOJHYHHE 3a oriefe. [Ipoussoama in vitro Moxke OUTH y UBPCTOM HIIM TEUHOM MEIH]YMY.
[Tpousronrma y 4BpcTOM MEIHjyMY je ITOTOIHA 3a CPErbe BEIMKE aniuKaluje, 2 OCHOBHA
TIPEIHOCT je HUCKA ITFjeHa HHBEeCTHIH]a Y onpeMy. [Ipou3Boaska y TeHHHM MEIujuMa uMa
BeJIMKE MHCTAJAIIMOHE TPOIIKOBe 3a OuodepmeHTope, a MNOTpcOHO je M BHCOKO
TEXHOJOMIKO 3Hame O [polecy Trajema HeMaToga Yy oBUM  ycnosuma, Mnak,
KOHKYPEHTHOMCT Ha BEIHKUM TpKUIITHMAa moryhe je noctuhu caMo y3 NpoM3BOY
Benukor obuma xao wro ¢y Onodepmentopn. [pumjena EITH 3aBucH 0 caMc KynType T¢
LUMIbAHOT WTeTHOr opranusma. Teopercku EITH ce mory annmiupaTti OHI0 KOJOM ONPEMO
32 TPHMjeHY MeCcTHIMma, Bomehw padyHa O Mujellamwy, THIY OH3HH, MPHTHCKY H
TeMilepaTypu paaHor pacteopa. EITH cy HOTIyHO cHTypHE 3a pajHHKC KOjH PYKYJy ca
TpenapaTuMa, ald | KHBOTHY cpeguny. On npse npumjeHe EIIH 3a cysbujame HEeKor
WTEHOT OpraHu3ma, a To je Popillia japonica w3 1935. rogusHe, HeMa TIOHATaka O
HETaTHBHOM YTHIA]y Ha JKHBOTHY cpeauHy. EITH roropo ma ne MOry MMAaTH HHUKaKap
HeraTHBaH JyTropodyHd cekaT Ha HEIIbaHe OpraHu3Me IIOLITO HHCY IEP3HCTCHTHC HA
NOBPIIMHY 3¢MJb¢ M Yy Clyuajy oncyTtsa goMahuna Gpso yrumy. Y BehivHn ciysuajesa,
ETTH ¢y y mpotecy pervcTpaiyje TpeTupaHe Kao W APYTH MakpoOpraHM3MH, 3aj€IHO ca
KOPHCHHMM 3rJaBKapHMa, Te Cy 4YecTo H3yseTe on perucrtpauuje. [Ipumjena EIIH 3a
cy30ujame INTETHHX OpPraHH3aMa jc y JHTepatypu JeTabHo obpahena. Oue cy cc
nokasage e(uKacHe y Cy3Oujamby MHOTHX INTETHHX Hicekarta, Y BehuHH ciaydajesa
npuMjeryjy ce y Cy30ujamy 3eMIBHIIHMAX CTaJWjyMa HHCEKaTa MOWTO Cy M came
TIPUCYTHE Y 3EMJBH Y IIPUPOAHKUM CTaHUIITHMA. [lopen Tora, nocTojc ¥ IpUMJEpH IIje cy
EIMH eduxache y cy30mjaiby MITeTOYWHA YHyTap OWJBHOT TKHBA, HA HAI3CMHAM
OpraHuMa U y 3aTBOPEHUM NMPOCTOPUMA,

[pucyctso EITH je moTepheHo Ha CBUM KOHTHHCHTHMA H3y3€B AHTapKTHKA. KOHTHHEHT
Ha KOMe je y3opkoBame BpuieHo Hajuemhe je Espoma. Steinernematidae cy uewhe
TIPUCYTE ¥ Y30pIMMa H3Y3€R Y Y30pLMMa ca IJECKOBUTHX 3€MJBHILTA,

V nurepaTypd He MocToje Imomanu o OWolomkoM cysbujamy ocuua nubuse. Oba
JQUCcepTaldja HMalla je 3a IAJb da uenuta noTeHnujan EINH y cy30ujamy oculia mjbUBE Y
1abopaTOPHjCKMM U MOJbCKUM yermonma. [a 6u ce nosehana eguxacuoct EITH npahenn
Cy MapaMeTpH JKHBOTHOT LHMKIyCd UMJbAHMX INTETOMMHA C LMIbEM TIPElM3HH]E
annukallje. Y30pkoBame Ha TIPUCYCTBO ayToxToHuX nonynanuja EITH y buX je ypaljeno
jep je TpUCYCTBO BpPCTE Yy INPUPONHMM TOMyJaldjaMa MpeIyclIoB perucTpaluje
npenapara. ITopen Tora pesyiaTaTH OOOHMjeHM KpO3 OBO HCTP@KHBAILE, MOTY Ce
EKCTPAIONPATH MO oapeheHnM ycIoBMMa Y LIIBY Cy30Hjama ocHla jabyKe U KpyIIKe.
Hayusu DOmpHHOC OHCEPTAUMje OrVIeAa cC y TPUMjEHH HOBOT TPHCTYNA y Cy30Mjamy
ocula LUBMBE, KopumhemeM eHTOMOmaroreHnx Hemaroma., Cys3Oujame umara
eHTOMOIIATOTEHMM HeMAToJaMa Huje yoOMuajeHo, a 0BO MCTPAXKUBAKE J€ MOKa3aIo 1a
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na y mpupomHuM crtanuwitiMa y buX oburaBajy HajMame 4 BpCcTe eHTOMOIATOTEHMX
HCMATOJI4, IITOo npeacTassba BK Hanas EITH y buX.
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H XHIoTE36; -

2) Ha ocHoBy lIperiiela IMTEPATYPE CHXKETO MPHKAZATH Pe3yliTaTe NPETXONHUX UCTpakuBama y Be3u npodacma
KOjH je WCTpakHBaH (BoadTH pauyla ia ofyXBaTa HajHOBHja W Haj3HAYajHH|a ca3Hama M3 Te 0OJdCTH Kox
Hac W Y CRHJETY);

3) HarecTH JOTIPHHOC TE3¢ ¥ pjelldBalby H3YUaBAHOL IPeIMeTa HeTpakHBaka,

4) Hapeetn 04CKHBAHC HAYYHE M MPArMATHYHE JOTIPHHOCC JHCCPTALH)C.

V MATEPHUJAJI U METO/ PAJA

1) Cau oriein M NCIUTHBAA CY N0OpO OpraHU30BaHU, a METOJC Cy IIpaBUIHO ojabpale u
npuMjewene. [lormaBme 3 ce omHocu Ha mpernen npucycrsa EINH y buX u muxoBy
uieHTHGUKaLKM]y. Ysopuu cy yseTd ca Lmjene Teputopuje bocne n Xeplerosuse.
VkymnHo je y3er 221 y3opak u ucnuran Ha npucycteo ETTH. Mjecra y3opkoBama cy 6una
Ha ymasseHoctd g0 100 m ong mpoxogmux myTeBa, a ojadpaHa Ccy Ha OCHOBY THIIE
BEreTalyje U IPUCTYMAYHOCTH. 33 CBAKH JOKUIUTET Y3€TH Cy TIOJAIll O THITy BEereTaluje,
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noHoulewy y naboparopujy uM3mujelnad of 4era je yzero 250 ml y3opka M CTaB/BEHO y
mracTHuHy nocyny oa 400 ml. [leceT jeAMHKM IOC/beNmEr JapBalHOI CTaavjyMma
BOCKOBOT Mosblia (Galleria mellonella 1.) je cTaBIbEHO Ha TOBPUIMHY 3eMJbE U MOCYIA j€
MOK/IOTJBEHA M OKpeHyTa Haomauke. MpTee mapme cy cakylJbaHe y WHTEpBaIuMa ox 3
JaHa ¥ cTaB/baHe Ha BajToBy kiomnky. obHjcHe HeMaTolde ¢y YMHOXKCHE in vivo Ha
JapBaMa BOCKOBOI MoJblla M 4uyBaHe Ha 6°C. /la Ou ce uaenTHukOBannm no0ujeHH
M30NaTH W3BpLIeHa je MonekynapHa wuaeHtudukammja, JHK je wusomoana u3 20
HHIWBYAYa fgayep craadjyma. Ymuoxkena JJHK je nocnara y Makporen (Xonauauja) roje
je m3BpuieHo cekBeHimonupame. Jodujene JHK cekeenue cy ymopehene ca 0azom
nogaraka y GenBank y3 momoh Basic Local Alignment Search Tool (BLAST)
HanponanHor mcHTpa 3a OWOTeXHonowky HH(popMmatuky (thce National Center for
Biotechnology Information, NCBI). o0mjene cexBerne cy ¢mmoreHeTcku nopeheHe ca
cekseHuama 13 GenBank y3 nomoh nporpama SeaView. u Mr Bayes 3.2.6.. Oscheius sp.
nodujeH y npouecy mouutoputra u Caenorhabditis elegans uz GenBank ¢y KopuLITeHH
Kao ayTrpyI.

[Mornasme 4 ce omHocu Ha onjeHy eduracHoctn EITH y cysbujaby ocuia uubHBe,
HenuruBama w orneau cy obaembenn y nabopaTopHjcKMM H TOJBCKUM  YCIOBHMA.
Kopumrenn cy xomcpumjanau npcnapate Tpu Bpere EIIH Steinernema feltiae, S.
carpocapsae W Heterorhabditis bacteriophora, xomnanuje E-mema w3 Ibemauxe. 3a
1adopaTOPHjCKH OrNIe]l KAHAMAAT je CaKylHo JIapBe OCHLA LIbMBE M3 BONiLaka Koju ce
Hanasu y bamoj JIynun. [TogeTkoM Maja, mpHje HEro cy NpBH ILUIOA0BH OLITEheHH 011 OCHILIE
IWJBMBE TIAJIM Ha 3¢MJbY, IMOCTABIBEHE CY MpEXKe 3a 3allTHTY 04 MHCeKara Cy HCIoX
crabana mupmBe. Ha Mpeke cy majanu MI0AOBM KOJU CY CBAKOAHEBHO CAKYIJbAHHU H
CTaBJHCHM ¥ KaHTY ca CTCPUITHWMM KBapLHM NHjeckoM. JIapBe Koje Cy HaIyCTHIE IJIOJ0BE
Cy CaKyIUhaHE M KOPUINTEHE Y eKcrepuMeHTHma.KopuiiTeHe cy l1apBe 4eTpu CTapOCTH:
OHE KOj& Cy TOr AaHa M3alule M3 ruoma, Te jnapee koje cy npuje 10, 20 u 40 nama
dbopmupare koxoH. 10 mapBH WIK KOKOHA j€ CTABJBEHO Y METPHjeBY NOCYdy NpedYHuKa 5,5
cm y Kojy je craBibeno 10 g crepunHor KBapliHH nujccak Bennunie 180-500 pm osnaxkceH
ca aecTunoBaHoM BoaoM Jio 10 % sanpeMuHCKe Biare. 3a GoiujapHy NMpUMjEHY I'paHe ca
omTeh¢HUM TTOABMMA JOHEINIeHe ¢y ¥ nmaGoapTopujy v tpetupane EITH. Haxon 3 nana
IUIOJOBH CY OTBOPEHH, T¢ YTBpHEH MOPTAIHTET JapBH. TecTHpame OCjeT/bUBOCT IAPBH Y
MoJBCKUM ycstouma paheHo je y 10 rommua crtapom pohmwaky. Tpu mpemapara EINH
KOPUIITEHHX ¥ Tab0opaToOpHjCKUM MCOMTHBamHMa KOPHIITEHH CY U Y [OJHCKOM OTIIEIdy.
Hemarone cy ammmumpase 26.04.2014. rommme y mosu 0.5 x 10° m? ca xantom 3a
3aITHjeBarbe, TIPUje OUCKUBAHOT CHITA3KA IPBUX JIapBH Y 3cMIBY. ATIIHKaLHMja [perapara jc
ypaljeHa y peHOM TPOCTOpY IIMPHHE 1Ba MeTpa. Hemarone cy annuuupane ca 0.75 1 m™
Bofe, y3 AoaathHux 1.5 1 m™ uucTe BOAE HAKOH anyMKalKje cpeacTasa aa O ce yTBpauma
cpukacHocT. Bpoj mMara ca cBake TpeTHmpaHe nospuiMHC yTBphen je y 2015, u 2016.
roguen. [lpHje oOuYeKHBAHOT M3NHjeTalkba HMara IOCTABJ/LEHE CYy H3HAI TPETHpaHe
TIOBPIIMHE MPEXKE 3a 3AWITHTY Of MHeekarta. Vcmoa cBake Mpeke mocTasibeHa je Gujena
JeeIbUBA IIoYa. Ha Kapjy nera ocuie Oujelie Tiiode Cy mperieiane u yTepheH je Opoj
JEOMHKH y CBAakKOM TPETMaHy M y KOHTpoiH. Ornen ca yTephuBameM ¢(MKACHOCTH Yy
Cy30Hjarby MMara y moayKOHTPOIMCAHUM TTOJBCKMM ycnoBuMa pabed je y 2013., 2014, u
2015, roauun, a Gu ce Tperupana NOBpIINHA M30710Bana 04 ocTaTtka sBohimaka crabna cy
NpeKpHBaHa MPEKOM 3a 3aIUTUTY O MHceKaTa. Mpexka je cTaBJbeHa MPEeKo NpHBpEMEHe
JKeJbe3He KOHCTPYKIHje Koja je HampasibeHa npeko 12 crabana. Mpexka je yuspiuhena a
YHYTpALUOCT TYHENa NojMjesbeHa je Ha 4 qujena. Mpexka je npexpusaia peaHu IpocTop
nmprHe 2 m a 6una je ayrauka 24 m. Mpeska je aut Tpuric BeauduHe oTBopa 150 x 490
LM WK 3@ 3aIITHTY 0 KoMapaua oteopa | x 1 mm. Hemartone cy anjvumpane y peaHoM
npocTopy y ao3u ox 0.5 x 10° m™ ca kaHTOM 3a 3anujeBaie NpHje OUCKHBAHE EKIO3Hje
uMara ocule nubnee. IIpoljjeHa OueKMBEHE €KJO3Mje NPBUX MMara oapehuBana je Ha
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nioua, [la 61 ce yTBpaMia ehUKACHOT NMOjeaAHHMX BpPCTAa HEMATOAA BpIUEHO je Gpojame
omTchCHUX InoaoBa. ¥ Ty cBpXy MpeKa je [OCTaBJECHA MCHoj cTadama KpajeM alpuia,
IpHje MoYeTKa OTNajama 100Ba ycben owreheba 01 OCHlA LUbMBE. 33 orjene Ha
OTBOPEHOM TIOJBY omabpaHu cy mo MoOTryhHOCTH OpraHcku BOWKAIM ca BETHKUM
nporecHTOM omTtehewa y nperxoaHoj roauan. OpadpanHu Bohmanu cy w3 XpBaTcKe H
buX. Hemartoze cy annuimpaHe noMolly aToMu3epa WM TPaKTOPCKUX MPCKAIKIa y IBHje
mse. Tlyna jo3a je ussocuna 0.5 x 10° m™? a npuMjemuBana je M ymona Mama 103a.
Hemaroze ¢y annuumpane ca 0,2 nutpa Boge m=, V pohmauuma y XpBaTcko] v poky o4
30-tak MuHYyTa amuirpasno je 0,2 1/m? 1ok je 3a Bpujeme annmukanuje y Bohmaxy y buX
najgana kuwa. Y BpujeMe ornanama nmatuua 12-13 crabana je npernegado. Ilperaen je
MofApasyMHjeBao yTBphHBamwe NPUCYCTBA MOMOKCHMX jaja Ha 50 uBjeroBa mo cTadmy.
[Mogamu cy ymopehenn xopuimhemeM OMINTEr JTHHEAPHOr Mojella ca ofrosapajyhum
TECTHpAEM Yy Clyuajy yTephuBama cratuctudke pasnvke. CTaTHCTHUKH 3HAuYajHa
pas3iHKa jc moapasyMHjeBaHa YKoIuKo je p<0.05.

Ilormaeme S5 oOpahyje exnoswjy #mara OcCHlla INUBHBE 3aCHOBAHY Ha JIOREM
TeMIEPAaTypPHOM TIpary pasBoja, akyMyJIMpaHoj TeMrepaTypy y ycloBuMa cjeBepHe bocHe
n Xepuerosune. [Ipahewme je BpuicHo ToxkoM S5 roguHa 2012-2016. rogune y Bohmaky
nmospumHe 0,2 ha ca 45 cradana uweuee cMjemter y bamoj Jlyuu. Copre uieuse cy
YauaHCKa POJHA, YAYAHCKA JBEMOTHIIA M CTeH/IE) KAIeMIBCHH Ha UaHapuky (Prunus
cerasifera Ehrh.). Csake rojinHe NpHHje TIOUeTKA JIeTa ¥ BONHAK je MOCTaBbaHe 3 PyyYHO
nspahennx Oujennux JeerupMBUX TnToda. [lmoue cy HampaBiecHC on Oujenie mepaic
numensuja 22 x 13 cm. Ha o6je crpane nocrasiseHe cy Oe300jHe JberbuBe ninode. OBako
HanpaBJbeHe KIonKe ofjeleHe ¢y y BAELCKH AMO KpOIhe HA BUCHCHY on 1,5 m. Kionke
Cy TPOBjCpaBaHe THCBHO HA MPHCYCTBO UMAl'a OCHIIC IIUBMBE. Mjepene ¢y CPeimbe THEBHE
TeMIIEpaType Baslyxa Ha 2 m H3Had 3eMJBE, T¢ TeMIIepaTypa 3eMJbe Ha JyOunu 5 ¢cm and
10 ¢cm ¢y Bpuiena y meroponomkoj cranuuy bamwa Jlyka. Mereoposolika cTaHHNA j€
ynaseeHa 4,5 km o Bohmaxa.

2) 1. Ilpumjewene MeToe CY afeKBaTHe, IIPELM3He W caBpeMeHe. Pe3yiraTH HCTpaXkuBaba
Cy MpeAcTaB/bCHH jacHO.
2. Huje Ommo oacTynama o/l [IJIaHa HCTPaKUBamba.
3. WcTpaxuBaHM TapaMeTpd Odjy JOBOBHO HHGOpMalWja 3a [DOHOLICHE HAYJYHO
3aCHOBAHMX 3aKJbY4aKa.
4. CratucTruka o0Opaja rnojiataka je aackaTHo ypaheHa.

1) OGjacHUTH MATEPH]aT KOJH je oﬁpaﬁﬁéﬁn, KpPUTEPH]yMe KOJH Cy y3eTi y 003Hp 3a H300p MATEpHjala;
2) JIaTi kpaTak YBHI Y HPHMH]CH-EHI METOJ HCTPAKHBAKI IIPYU YEMY J€ BAXKHO OUMjCHUTH cibenehe:
1. ,ﬂ{l T CY HIJHM.HjC}bCllC METO/IC HCTPARHBA dACKBATHE, 1O0BOJBHO TAYHE H CABPCMELHC, lfiMaj}"hH ¥ BHOY
nocturuyha Ha TOM NMO/BY ¥ CBJETCKMM HHBOHMA,
2, Ja nm je goummmo Ao MPOMJCHC ¥ OIDHOCY HA IUIAH MCTPRKHMBAKE KOjH je /aT TPHITHKOM IIPHjaBe
JOKTOPCHKE TE3C, aK0 |SCTC 3alUTo,
3. Jla au MCOMTMBaHW MapaMeTpH Iajy JOBOJBHO eNeMcHATa uiM je TpefaNo MCIHTHBATH jOll HEKe, 3a
NOY30aHO HCTPAKUBAIGS,
4, Jlamm je cTaTHCTHYKA 0fpana MoaTaKd aqeKBaTHa.

VIPE3VYJITATH U HAYYHH JOITPHHOC UCTPAKHUBAIBA

1. Pesysrati MOHMTOpHHTA Ha mpucycTso EITH rokasanu cy na cy y buX npucyrne uetnpm
BpCTE EHTOMONATOTEHNX HemaTtoaa. S. feltiae je BpcTa koja je HaheHa y HajBuLIE y30paKa,
HaKOH uera ciujene S. kraussei u S. carpocapsae. H. bacteriophora je jemuHa BpeTa M3
pona Heterorhabditis. Y1 mopen reorpadcke pasnonuxoctv buX, Behuna NMO3UTHBHUX
Y30paKa je W3 CPeiULIEbEr OPICKO-IIaHMHCKOT perHoHa. Jeouua Bpcra Koja je Hahena y
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KOJHMX Cy HEMATOJe W30JI0BaHe OAroBapajy NUTepaTypHUM HaBoauma. [[Buje monynauuje
S. kraussei cy HaljcHe Ha JIOKQIUTETHMA y IUIAHHHCKOM PETHOHY TIjE je Cpelmba JHCBHA
TeMnepatypa ucnon 9°C. S, felfiae je HaheHa Ha JOKaIMTETHMMa ca pa3IMYUTHUX
HAOMOPCKMX BMCHHA M THIIOBA BEreTamuje, IITO TOTBpHyje HEHO KOCMOTIOIHTCKO
pacnpocTpambelme. S. carpocasqe je W30/I0BaHA C€a IJOKaluTeTa ca TJIHHOBHTHUM
3eMJBHMILTEM Ha KOJEM CE€ €KCTaH3MBHO raje NUBMBE. 3HauajaH Opoj y3opaka Y3eT je W3
wyma, and y muMa Hucy Hahene EITH. Hapeanu monurtopuur, xoju OuM yK/byyHBao
Joxkanutere ca rehom OpojHomhy nacekara, Morao 6u uMaTty Behy maHCy 3a mpoHanasak
nonynanuja ETTH. ¥V nomahoj nerucnatipu je 00aBe3Ho 1a ce NMOTBPIM TIPHCYCTBO BPCTE
Y OPUPOAHO] CPEeOHHU TpHje HEeTO Ce [Ja J03BOJa CPEeICTBY Ja Ce KOPHCTH Y OHONOLIKO]
3aIITHTH. 300T TOra, pesyiTaT OBOT MOHMTOPUHIA [PEICTaB/bajy OCHOBY 3a
perucTpanujy YeTHPH BPCTEe CHTOMOMATOTEHUX HEMATO/1a 3a OHOTIOUIKY KOHTPOIY.
Pesynratn owujene eduxacnoctn EIIH y cysdujamwy ocunua nusuee. Kpos oBo
HCTpaknBame, ce mokasano ga EITH umajy moTenuujan 3a cy3dujame ocura MIbuBe. Y
CBUM HCTpaXKMBamauMa UWJbAHH JKMBOTHM cTaaujym je Owuna Jsapea. Kpoz oo
HCTpakHBame, IOPCH JIapBH T10Ka3aHo je M Ja ce MMara ocHlla MIJbHUBe MOTY Ccy30HjaTu ca
EITH. 3emspmiunu craaujymu ocuua unubuse cy ocjerbueu Ha EITH, anm uckibyumso
TIOKpeTHY cTajinjymu. Jlapse yHyTap xokoHa cy 3awrihese, jep EIIH me Mory aa npoapy
Kpo3 KokoH, CaM0 TIOKPCTHH cTamujymu cy ocjetspuBu Ha EITH, napse TokoM KpeTama
KpO3 3eMJbY, [IpUje Hero GOpMHUpAjy KOKOH ¥ UMara TOKoM exnosuje. Kokon npejcrasiba
Mexannuky Oapujepy koja wruth napse on EIIH w 3a Hemarome mnpencrarisa
HempemocTHRy mpenpeky. [lopen EITH, kokoH TIpedcTaBiba MEXaHuuky OapHjepy U
3AITHTY 3d JapBy W O APYTHX NPHUPOIHHX HelpujaTeba. Jlapsa y KOKOHY MM JIyTKa,
TIpe/ICTaBIbajy [TOTEHIIN|aIHO HajIoroqHMju ctaanjym 3a TpetMan ca ETTH, nomro 6u cBu
YIAHOBH TOMYJIALHje MOTUTH A e Cy301jy Y jeQHOM TpeHyTKY. ¥ OBOM CTaMjyMy OCHLIE
JBMBE MpoBeay rotoBo 10 mjeceun wto O OCTaBHIO BHILUE HErO NOBOJBHO BPEMEHA 33
arkanyjy ETTH, MehyTiM, oBo HCTpakMBamke je MOKa3ano Ja OBM CTaJHjyMH HUCY
noroauu 3a cy30ujame. EITH nemarone Mory na HHOHUIKpajy TOKOM KpaTKOT BpPEMEHa
Kaja ce JapBe WK umara Kpehy Kpo3 3eMiby.

ok ce y nabopaTOpujCcKAM YCJIOBMMA MOpAaTalHTeT JlapBM OCHIA IIBHBE HMUJE
pa3IMKOB&0 y 3aBHCHOCTH of Bpete EITH, Hajmawy 6poj nmara je yxsahen y TpeTMaHuMa
ca H. bacteriophora, vako cy c¢Be TpH BpcTe MMaiae edukacHocT mpexko 90% naxoH
armukanmje EITH kpos mBuje yzactomue roauue, Ha edukacnoct EIMTH y mossy mory
VTHIIATH YCIOBH JKHBOTHE CPedHHE Kao IITO Cy TeMIepaTypa, BIAKHOCT, IPO3PaYHOCT U
MEXaHHYKHK CacTaB 3€MJBHINTA, T U OMOTCKU (HaKTOPH Kao MITO Cy OpOJHOCT OpraHu3Ma
KOjH c¢ cy30Hja, T¢ IPHUCYCTBO OCTaNUX OpraHu3aMa y 3€MIbHILTY.

Mpunukom amnukanuje EITH 3a cy30ujake 7apBH OCHI@ UILBMBE, MHOTPEOHO je
00e30MjenuTH ad CY HEMATOJIe NMPUCYTHE ¥ 3eMJLHLITY NIPHje HETO IIPBE JapBe MajHy Ha
3eMJbY U IIOYHY Ja IIpaBe KokoHe. Y yciosuMa cjesepHe buX oBaj npoliec Mounmbe KpajeM
anpHIa WK TOYETKOM Maja M Tpaje OTIpHinKe Tpu ceaMHule. [la Ou ce nocTuria xebeHa
erkacHoCT ToTpebo je ma ¢y HemaToae crocobHe fa nmapasuTHpajy JapBe OCHIA CBO OBO
spujeme. Jlapse Hajucinfie dopmupajy KOKOH Y TMOBPIIMHCKOM C/l0Jy 3eMJBHMINTA Ha
my6unan 0-5 cm a Beoma pujeTko u a0 Ay6une ox 20 cm. [NomrTo HemaToae He Tpeba na
Tparajy 3a japsama ocHua, Beh ma "uekajy", EI1H koje umajy u3paxkeHy KapakTepHCTHKY
32 AKTHBHHM TpaKCcieM JoMahuHA HUCY Y NPEJHOCTH y OHOCY Ha BpCTe Koje JomahuHa
yeKajy Ha jeaHom mjecty. MehyTum, Hematone Tpeba ma Gyay criocobHe 1a HajMarbe TpH
CeIMHUIIE 3aApKe BUCOKY OPOJHOCT W BUTANHOCT Y MOBPIIHHCKOM CJ10jy 3€MJBHINTA Oa On
Guwie crnocoGHe [1a M3BPIIC Mapa3sUTHpaibe JIapBH OCWIla. BIaKHOCT 3eMIBHINTA je
Haj3HauajHUjH abHOTCKM (akTop Koju ytude Ha eduxacxoct EITH. 36or Tora 6u 6mio
HEOMXOIHO AP/KATH BJKHOCT 3eM/LHINTA BIHU3Yy MOJGCKOr BOIHOT KamauuTeTa, Yynme Ou
ce ofesbujennan ONTUMAIHN YCTIOBU 3a AjenoBame Hematoga. MelyTum, yKomuko ce
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ce o00e30jehyjy OOJBH €KONOWIKH YCIOBH 33 JjeNoBame HeMarond. TemempaTypa
3CMJBHINTA Y BpHJEME €KIIO3HjC UMara jC 3HauajHO HIKA Y OJHOCY Ha BPHjCMC Ka/a JapBc
najiajy Ha 3eMiby. ¥ ycnoBuma cjeBephe buX mouerax 1BjeTama IUBHBE U €KIIO3M)jE HMara
ocula ubMBe y mepuomy 2012-2016. ronuHe ce KpeTao o CpeauHe mapTa 10 CpeavHe
arpuna. Ilopen Tora exno3uja UMara c¢ JcIiaBa Kpo3 3HaTHO Kpahu MepHOA BpeMcHa ¥
nopehemy ca CHIIACKOM JIapBH Y 3eMJLHIIITE.

Edukacuoct EITH y TOTYKOHTPOJIMCAHMM TTOJBCKHM OrJIgAnMa 3a Cy30Hjamke uMara ocuna
LJBMBE j€ Bapupana TOKOM Tpu rogune. Mnak, S. feltice ce moka3zana xao BpcTa Koja
nocjeayjc HajboJBH TOTeHIMjan 3a cys3Oujame ocuila uysMBe. Paszmor 3a oBo Ou Morao
OuTH ¥ TeMenpaTypa Y BpHjeMe alUTHKalHje ¥ OUeKWBAHOT JjeTI0Baka HEMAToad. TOoKOM
URBjETaa, TEMITEPATYPE 3EMIBHINTA CY HEIITO HUKE W BPCTE KOj€ CY aKTHBHUjE HA HHKHUM
TCMIICpaTypaMa HMMajy TOBOJBHHje yciaoBe. Bapmjamuja y ebHKacHOCTH Yy II0JCAMHNM
OrNeMMa y pa3iHYUTUM TOIWHAMa MOKE OHTH 300T panuke y BPeMEHCKMM IPUIHKaMa.
Kama cy annmukanuju HemMaToaa niperxoanie oboprHe edukacHocT je umna 1 10 100%.

Y orieaMma Ha OTBOPEHOM MOJbY eQUKACHOCT S. feltiae 3aBucHIa je o KOHILEHTpALHje
HCMaToJa M BPCMCHCKHX VCJIOBA TpHje B TOKOoM amuukanuje. Hajseha edukacHocT je
MOCTHUIHYTa Y YCIOBHMA Kaaa Cy HeMaToAe anjauunpane TokoM kuile. [Topen Tora y oBom
BolilaKky pelHH TPOCTOp je Omo Ge3 mpucyTHmx Koposa. Anmmkauuja EITH ca 0.2 1/m?
nnyc 0.2 I'm? Boge y poky o 30 MMH y PEIHOM MPOCTOPY Ha OTBOPEHOM j¢ Jalla MHOTO
Mamy e(QHKacHOCT y OJHOCY Ha ammuKanujy Hematoma y 0,75 I/m? mayc 1,5 I/m® Bose
HENOCpEIHO HAKOH alyIMKaluje Hemaroaa. Anjiuupane Hematoge Tpeba na gocnujy Ha
TOBPIIMHCKH CII0] 3€MJBHIITA, jEP j& 3eMJBHIITC MHOTO NoBOJbHHM]e cTanumTe 3a EIIH y
OJIHOCY Ha NOBPIUKMHY JKcTa, Y ciydajy Kaja ce aluliKaluja BpIIH 110 TpaBH, IOTPeOHO je
3HAYajHO BHIIE BOAE Ja OM HEMAToAe AOCTEIC HA MOBPIIMHY 3eMJbe. ATIIHKaluja
gemarona ca 10 000 aurapa BoJe MO XeKTapy He YHHM Ce M3BOI/BMBOM 3a mpoussohaue.
Takohe KMIIHU MEPHOI HE MPETXOAM YBHMjEK CKIO3MjU umara. Yak M y caydajy KWIIHOT
nmepuona, HaruOu Bohmaka YECTO HC [03BOJbABAjy alMKaLHjy HEMaToJa TOKOM
najlapiHa. McXaHuuka WM XeMHjcKa o0paja peHOT IpocTopa, YyuMe OM e MOCTUIIo a
y BpUjeMe allIMKalldje HEMATo[a HeMa TPaBHOT MOKpHBaya, fana O 3HauajHO MOBOJbH]E
yCIOBE 3a amnMkauujy Hemartoga. Kaga je zemspniute Owio BnakHo M kaaa ¢y EITH
anMIMpaHe ca JOBOJBHOM KOMHYMHOM BOJE FMHMXOBa €(QHKACHOCT jC JOCTHITIA
ebukacHoCT HHceKTHUMA. Takohe, obesbjehemeM ONTUMATHMX YCIOBA aNajMKalHje
Morna 61 ce cMamHBaTH M mo3a EITH, urme G ce YTHIIATO Ha CMarEH:C LIMjEHE KOTaka
cy36ujama ocHlla IIUEHBE OBHM OMOTOIIKUM areHCOM.

Pesyntati ekilo3ujc WMara ocuia mubWee, EXmo3uja MMara OCHIC IIBHBE y YCITOBHMa
JIuteanuje je moueTkom maja (TamoSiunas, ef al., 2014). Monen koju npensuha mojasy
¥Mara je 3acHOBaH Ha CyMH e€(EeKTMBHMX TeMIEpaTtypa oj npeor anpuna. Mehytum, y
OBOM HCTP@XKMBAKY Y yCIIoBHMa cjeBepre buX nodeTak CKIO3Mje MMara c¢ ACIIABao y
nepuony ox 12.03. mo 12.04. cyrepumyhu na je 3a ycnose buX morpeban npyraduju
momen. Hajmama BpHjeqHOCT cTanmapAHe ICBHjalije aKyMyJIWPaHHX BpPHjEIHOCTH
TeMIIEpaType 3a 3eMJBHINTE Ha IyOHHM 0O 5 ¢m Ol BpeMcHA XBaTalba [IPROT WMara TOKOM
TIETOTOAMIIELET MCTPaKUBarba, Ouila je Kala je akymynauuja [odumana MpBor jaHyapa,
IOK je 3a TeMmrepaTypy Basayxa 1o Ouno 15.01. Axymynnupana cyma CpeImux THEBHHX
TeMepaTypa H3HaI Ipara passoja je msHocuna 169+10 DD 3a zempumte v 181+8 DD 3a
Ba3lyX Kaja je 3a TeMIIcpaTypHH Ipar passoja ojadpara Bpujeanoct ox 4°C. [la 6u ce
u30jerno Kalllbelhe y alUIMKALMjH CPEICTaBa y MpPAKCH c¢ 3a TPEHyTaK alidkaruje
npenopydyje Aa ce oI CPelre BPHjeNHOCTH OQy3Me OBOCTPYKA BPHMJCHHOCT CTaHIApAHE
nesujaumje. C Tora 6W y clydajy da ce mpaTH TEMIICPaTypa 3eMIBHINTA aIlIMKAlHMja
Tpebana Gutu kama ce akymymupa 149 DD og 01.01., a 3a Temnepatypy Basmyxa 165 DD
Kaga ce akyMmyaauuja noude o 15.01, YV o6a cayuaja temneparypuu npar je 4°C,
PesynTaTti OBOr WCTpakuBama cy nokasanu ga ce EITH mory ycmjemso KOpuCTHTH 3a
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IIJBMBE j€ jOII YBHUJEK CKYIUBE O Cy30Hjara CHHTETHCAHHM WHCEKTHIHIANMA. Y IPYTy
PYKy HHjCHa KolTawa npousBoaibe EINH ce cTanno cMamyjy, YuMe ce cTaBsbajy y 0oby
no3unujy 3a kKopuwheme on crpawe npoussohada, Mnak npoussohaun Hemajy apyre
moryhHocTH 3a cy30Hjame ocHIla NUBHBE Y OpraHckoj nponssoamu. Ctora 6u ETTH morme
OMTH yKJbYYeHe Y cy30Hjame ocHulla 1JbMBE. Y IIpolecy MIaHupama cy30Hjama ocHula
UUbMBE Mpou3Bohaun Tpeba da WMajy Ha yMy Ia Ce pajd O INTETOYHHAMa KOojeé MMajy
jeany reHepaudjy roauuiise. TO 3HAYM Jd YKOMHKO C€ KBAanWMTEHA arjidkaudja M3BpLIM
TOKOM JBHje TOJUHE, Y HAPEIHO] TOOHHHM OCHIE IUBbHBE He OM Tpebano aa mory
IPUYUHUTH eKOHOMCKe miTete. [Topern Tora, ako ce y3me ¥ 003Up CIMYHOCT ¥ JKUBOTHOM
HUKNYCY jaOyKMHE M KpPYIIKAHE OCHIE, PpEe3yNTaTH OBOT HCTPaKMBama ce MOry
EKCTPATOJIMPAaTH M 3a Cy30Wjame OBHX IUTETOYMHA, T€ IPHUMjCHHUTH CIHYaH KOHLENT
cy30mjama.

2. JHoOujeHn pe3ynTaTH Cy jacHO TpWKa3aHW, T€ AAeKBATHO KPMTHYKHM aHAIM3UpPaHH H
untepnpetrpand. CasHama 00 KOJHX C€ JOMUIO KPO3 MCTpaKHBame cy Beoma 100po
CMjelITeHA ¥ KOHTEKCTY JHTepaType Koja omucyje ciaudHy npodneMaTtuky. Karaumar je
jacHO 00pa3lmoKHO Kako Iheropa OOCTHTHyha JoNpHHOCE pjelaBamy ojpehene
npoOeMaTrKe, Kao ¥ 3Ha4uaj caMuX JOCTUTHYNa ca Hay4HOor ¥ MPaKTHYHOT acleKTa.

3. Haj3nauajHMjU HAYYHU PE3YATATH HAYYHOI HCTPaKUBAKA CY:

I YrBpheHno je npucyctro uetnpu Bpere EITH na teputopuju buX: S. feltiae, S.
kraussei, S. carpocapsae n H. bacteriophora.

[I. Cragujymu napee ¥ umara OCHIE MIJBUBE €€ MOI'y Cy30HMjaTH EHTOMONATOTCHUM
nemaronama. Ilpu ogpehernm yenosuma EITH ce Mory yclljeIHO KOPHCTUTH 34
cy30Hjame OCHIIA IIIJbUBE.

[1I. Beha epukacuoct EITH y cy36ujamy OCHIa MIJBUBE CE MOKE MOCTHNH Ta4HHjOM
AIUTMKAIIA]OM, KOjd j€ 3aCHOBAHA Ha TIPUMjEHH MOJiena 3a onpehuBama noyerka
JIeTa UMara OcHuIe.

KauaumaT je HaBeo Ja e PesyNTaTH HCTOBHX MCTPAXKMBAaHKa MOIY HHTCPIIOIMPATH U 3a

GIHCKe ITETHe OpraHu3Mce ocuue jabyke W kpymke. Takofje HaBeo je aa je moryhe ma ce

Ccy30HjambeM OCHIIa IUVBUBE MOYKE MOJKIA HCTHM TPETMAHOM CY30HTH U LJLHBHH CaBHjad.

1)} YKpaTKO HARECTH PE3YNTATE A0 KOjHX j& Kall(HIaT J0IIA0;

2) OudjeHHTH Ta I ¢y moGMjeHM pe3yNITaTH jacHO NpUKA3aHW, MPABHIHO, JOTMYHO M jaCHO TyMadeHH,
ynopeljyjyhu ca pesyiaratma APYTHX ayTopa W Jla JIH je KaHOMZAT 1pH TOME HCHO/LABA0 JIOBOJBHO
KPHTHYLIOCTH;

3) IocebHo je BaxHO HeTahW O KOjMX HOBHX casHama Ce JIOLIO Y HCTPAKHBARY, KOjH jC IbHXOB TEOPH|CKA 1
MPAKTHYHK JIOHPHHOC, K40 M KOJH HOBH HCTPaMHBAUKH 3371allH CE HA OCHOBY HHX MOI'Y YTBPIHTH HIIH
Ha3|paTH.

VII BAK/BYYAK U ITPHJELJIOT

1. Jucepranmja Kamaunata Mp  bBpamumupa  Hbeskwnha — obpabhyje  mpumjemy
EHTOMOIATOTEHHX HEMATOJA 3a Cy30ujare OCHIA MIJbHBE, K0 jeACHHX O/l HajBAKHU]UX
mTeTounHa oBe BohHe Bpete. [IperyesioM HocTymHe JUTepaType j€ yIBpheHo na nocana
HeMa [OJ4aTaka o yerjeurHoM cy3bujamy ocuua mubue ca EINH umm apyrum
OuoNomKNM  areHcuma. Mcrpasxusame je  o0aB/beHO Y J1abOpaTOpHjCKHM,
HONYKOHTPOIMCAHUM  TOJBCKHM M TIOJLCKMM  YCIOBMMAa C UMJ/BEM HCIIHUTHRAHA
MoryhHocTH cCy36ujama MOjeIMHHMX CTagHMjyMa OCHUA IIJBHBC CHTOMOITATOTCHHM
HemaTodama. Ja 6u ce nocmjemmia epuxacHoeT npumjene ETTH mpoyuasanu cy u
MapaMETpH JKUBOTHOT LIUKIyca OCHUd WBHBE. Takohe, MOHUTOPHHT Ha MPHCYCTBO
spcra EITH Ha Teputopuju BuX je Guo jeaan oa npeiMeTa HCTPaKHBAEKA, LITO j€
pahero ¢ UMJ/bEM OCTBapHBama MOryHHOCTH 3a perucTpalljy npenapara Ha Oasn EITH.
ITopen Tora, pe3ynTaTd HoOHjeHH KpO3 OBO MCTPKUBAFRE MOTY C€ IIPHMJEHHTH H 3a
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JaCaR K KOHUM3IAH HA4KH  PesydTary ©y JacHy ¥ OpPCIeHTOBAHY HA [3CaH HAYRH.
Xunotess je jacse aprymenrosara. Jaxeyuun noTephy]y 423 je mHf BUTPRKHBAKA
yerjemwno ocTeaper. HajBaAHATH DEIvATATH HOCTPAKYBAMG C) NPEICTRREFCHN Ha BehoM
"‘thJ HHTEDHAUHOHANTHAY H HALHOHINHHY HEYHHHY CEYTIOBA.
Hucepranja NPEACTABRLA BHCOR HMEC OPHIHHETHOT Hayyso! pais Oua Jkbieiy)e
peiluauTe aciexTe pana Orsapa DOTHYHO HOBE MOTYRHOCTH 33 OHONOWKY KOHTPOAY
OCHUS WIJHHBE CHYOMOHATOISHHM HEMETONAME, TIPHKAZY]E HOBE NADAMUTPE AHBOTHOD
UHKAYCa OBHY HTETONHES ¥ pacnpocTpaweroct spors EITH v baX

2 Ha oCHOBY COPOBEISHOr YEMIA, AHAIRIA ¥ aKkbyvaxa, Komuowja jes
apeitane Hacranuo-savanos sdjehy Domonpuspeanor paxyriera v Bamo

HOMHACHD

e a2
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Y HEBEpIITETA ¥ Bamwo) Jlywn . au ce kanamnary 0200pH jase oabpans.
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- B3 CF AOKTOPCKH QHCEpTaUNE OpHKBETH. 2 KasiH1aTy ooobpsn oadpans,
- [ C¢ AOHTOPCKA SHCEPTAUNE BPala KEHIMOATY Ha 10038Y {58 6 JOFRYHM W WIMEITHI) Bis
- 00 ce QOKTOPCKa AscepTainie 0x0na
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TTOTHHCH YIAHOBA KOMHCHIE
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4. f?poq;x Ap Mapex f@umia-\
Pt Dpodeco, MucteyT e mirmery Siuka — Hannsonansig
werpansatn dnoneryt. Hossas, oo,

peanans NpAPcop AT Kimkor Sa0 rToa YunsepinTeia ¥
S TeyGmasn, Cnoseruia,
RA HRYYHS THRCTT JAUITHTR O rhani, HiAaH

H3JIBCJEHG MMUUBEHE: Hnau komuchje Kofs He ROIH B8 BCTHNIE MIDCWITA] 2P 58 HE CNAKE 1 MITHREEM
selinHe WIAHOBA KOMUCHIE, JYAAH e 03 yhece ¥ Hiewy COPALNOHEILE, OIAHOCHD PA3I0E 3005 KOJMX HE HEiH i
DOTIHE HIRjeiUTa)
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Ipwnnor 3.
H3jara 1

HU3JABA O AYTOPCTBY

HNzjasbyjem
[a je JOKTOPCKA JHCEpPTAIHja

HacnoB pasga KoHTpona ocura mususe ( Hoplocampa flava L. u Hoplocampa minuta Christ)
EHTOMOIATOTEHHAM HeMAaToaaMa

Hacnor pana Ha eHriieckoM Jjesuky_Control of Plum Sawflies (Hoplocampa flava L. and Hoplocampa
mirnuta Christ) with entomopathogenic nematodes

X, PE3YIITAT CONCTBEHOr HCTPAKUBAUKOT pajla,
X 7la NOKTOpCKa [WCepTamyja, y IjeNWHH HIM y [WjeloBuMa, HHUje GHIa MpemIoxeHa 3a
Jobujerse OMIO KOje [HINIOME MpEMa CTYIM]jCKHM IIPOrpamMuMa IPYTHX BHCOKOIIKOJICKHX
yCTAHOBA,

X Ja Cy pe3yiITaTd KOPEKTHO HaBESIEHH |
x 1a BMCaM KPINKHO/JIa ayTOPCKa [IpaBa U KOPUCTHO HHTENEKTYATHY CBOJHHY APYTHX JIAIA.

V Bamoj Tymn_12.42.20 ; Iotmuc noxTopanTa

J
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Hajara 2

Usjasa kojom ce oBramhyje Yausepsurer y Bamoj JIynu
A2 JOKTOPCKY JHCePTALHN]y YYHHH jABHO JOCTYIIHOM

Opnamhyjem Yuurepsurer y Bamoj Jyiu 1a Mojy IOKTOPCKY HHCEPTALH]Y IO HACIOBOM

Control of Plum Sawflies (Hoplocampa flava L. and Hoplocampa minuta Christ) with

entomopathogenic nematodes

K0ja je MOje ayTOPCKO MjeNl0, YIHHH jaBHO JOCTYITHOM.

Jloxropexy mmcepranmjy ca CBAM NpPHIO3MMa TIPEAo/1a CaM Y EIEKTPOHCKOM bopmary
MOTOTHOM 34 TPajHO apXHBHPAHE.

Mojy IOKTOpCKy AMCepTaldjy IMOXpameHy Yy AHTHTAIHH PENO3HTOPH]yM YHHABEpP3UTETa Y
bamo] Jlynu Mory Ja KOpHCTe CBH KOjH HOINTY]y oIpeabe caapxkane Y ogabpaHOM THITY JIALEHIE
Kpeatupne 3ajemaune (Creative Commons) 3a K0jy caM ce Ofmydno/a.

1. AyTopcTBO
~©. AYTOPCTBO — HEKOMEPITH]jaTHO
3. AYTOPCTBO — HEKOMEPIIHjalHO — 6e3 mpepaze
4. AYTOpPCTBO — HEKOMEPIH]aTHO — JIUjENUTH O] HCTHM YCIIOBHMA
5. AyrtopcTtBo — 0€3 npepane
6. AYTOPCTBO — JUJENUTH O] HCTUM YCIOBAMA

(Momamo a 3a0KpyXKUTe camo jemHy O MIECT IIOHYheHWX JMIEHIM, KpaTak OIHC JIMIIEHIH
Jar je Ha nonehmHum mcTa).

V Bamoj Jlyma_ 42 J2 204 2 ‘ Hom@mopagm




Hzjasa 3

HsjaBa o AenTHYHOCTH MITAMIAHE B €JEKTPOHCKE Bep3Hje
ZOKTOPCKe AUCepTalHje

Mme w pesume aytopa bpanumup Hhewuh

HacmoB pana Control of Plum Sawflies (Hoplocampa flava L. and Hoplocampa
. minuta Christ) with entomopathogenic nematodes

MenTop npo¢. ap Pand-Ymo Enepc (Ralf-Udo Ehlers)

YzsjaseyjeM ja je INTaMIlaHa BEP3Hja MOje JOKTOPCKE ITUCEpTalFje HACHTHYHA eNEKTPOHCKO]
BeP3UJE KOjy ¢aM NPe/ao/ia 38 JUTHTAIHE PEMTO3UTOPH]yM Y HHBEp3SHTETA y bamoj Jlymm.

V Bamoj Jlymn_A Y 4 L 9017 [loTmue poxropanta
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