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1. PREVIOUS RESEARCHE AND MAIN OBJECTIVES

European stone fruit yellows (ESFY) causes enormous damage to stone fruit
plantations in Europe every year. The causal agent of the disease is the ‘Candidatus
Phytoplasma prunorum’ from the apple proliferation group (16SrX) (Poggi-Pollini et al.
2001). The plum psyllid (Cacopsylla pruni Scopoli, 1763) transmits the phytoplasma in
a persistent-propagative way (Thébaud et al. 2009). Up to five months elapse between the
time the vector introduces the pathogen into the plant and the symptoms appear on the
host (Carraro et al. 1998). The pathogen causes enormous economic losses in apricot,
Japanese plum and peach plantations (Desviges — Cornaggia, 1982; Dosba et al. 1991;
Marcone et al. 1996). In the most susceptible species, such as Japanese plum or apricot,
the phytoplasma is able to eradicate 100% of the infected trees (Carraro — Osler, 2003).
The pathogen of the disease (and the phytoplasmas in general) still cannot be stably
cultivated in axenic culture under laboratory conditions (Contaldo et al. 2012; Contaldo
et al. 2016), due to its obligate parasitic nature. As our climate continues to change, and
this process is now accelerating, we can predict that the diseases caused by phytoplasmas
will become more prevalent. This phenomenon favours vector species that prefer warmer
areas (Hogenhout et al. 2008). There is still no curative treatment against phytoplasmas,
so the main methods are aimed at prevention.

It is pivotal to find integrated protection and prevention approaches against the
pathogen and its vector. A better understanding of the biology and behaviour of both the
vector and the pathogen is key to achieving this goal. The exploration of more and more
information about the vector and the pathogen could help to develop a complex,
integrated method against the disease caused by this phytoplasma. There are several
examples of the incompleteness of our knowledge of C. pruni: for example, its vision, its
antennal responses to volatiles, or the exact mechanism by which it finds host plants, and
also the reason for its switching between host and shelter plants during the year.

As our first target (1) two apricot orchards in the region of Boldogkdvaralja were
inspected for symptoms of ESFY.

Our second aim (2), was to study an isolate of the pathogen ’Candidatus Phytoplasma

prunorum’ in an infected apricot tree in the region of Boldogkdvaralja was examined.

In the case of the plum psyllid (Cacopsylla pruni) as the vector of ‘Ca. Phytoplasma
prunorum’ our aim (3) was to identify its overwintering sites, and to record other jumping

plant-louse species occurring in the same habitats. To do this, we collected jumping plant-
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lice from conifers at different sites, and later identified the species from the collected
material.

As our fourth objective (4) in the case of the psyllid vector of the pathogen, was to
investigate the migration pattern of Cacopsylla pruni on Prunus species, and to identifiy

other psyllid species occurring on the vector’s host plants during the same period.

Our fifth objective (5) was to define the biotype and the infection rate of the plum
psyllids collected.

Yellow coloured sticky traps are widely used to trap psyllids (Krysan — Horton 1991;
Tedeschi et al. 2002; Sabaté et al. 2007; Brown et al. 2009; Sabaté et al 2016), as many
researchers believe that they are a nutrient-rich young food sources for these insects
(Krysan — Horton 1991; Doring — Chittka, 2007). Despite the widespread use of yellow-
coloured sticky traps, we have hypothesised as our sixth objective (6), that there might be
a more affective colour to lure C. pruni. According to this hypothesis an experiment was
set up in an apricot orchard, with 5 different sticky (4 coloured: red, white, yellow,
fluorescent yellow and 1 transparent as control) sheets (ten replicates of each) to
determine which colour was more effective.

In many cases, it has been mentioned that both Cacopsylla pruni and Cacopsylla
melanoneura are common on Prunus species (Warabieda et al. 2018; Lethmayer et al.
2011; Jarausch et al. 2009; Navratil et al. 2004; Tedeschi et al. 2008). Based on this fact,
a comparison was made between the two psyllids during the experiments. Finding
similarities or dissimilarities between the two species could be helpful in understanding
the behaviour of the plum psyllid. This would give us a chance to develop a high-quality
protection method. Our aim was to find the missing information that could help to develop

a proper protection method.



2. MATERIAL AND METHOD

2.1. Survey of symptoms in two apricot orchards in the region of Boldogkévaralja

Two different apricot orchards in the Boldogkdvéaralja region were surveyed for infection
symptoms between 09.13.2018. and 09.24.2018. During this survey, all trees of the

orchards were checked for symptoms and classified according to a five-point scale.

2.2. Molecular analysis of a pathogenic isolate from an ESFY-infected apricot

Our second objective (2), was the molecular investigation of an isolate collected from
an ESFY infected apricot tree in Boldogkdvéralja. The sample was taken from the phloem
of the tree trunk. DNA was isolated by the Delladoyle MLO enrichment method (Ahrens-
Seemiiller, 1992). PCR templates were made with the universal primer pair fP1/rP7. The
amplified product was cloned into pJET plasmid (Thermo Fisher Scientific). Both strands
of the positive clones were amplified with pJET 1.2 forward and reverse primer pairs
(Macrogen Europe, Amsterdam, the Netherlands), and sequenced. The resulting sequence
was compared to the GenBank database wusing the BLAST algorithm
(http://blast.ncbi.nlm. nih.gov/Blast.cgi).

2.3. Collection of plum psyllids and other jumping plant-lice on conifers,

identification of collected jumping plant-lice

Our third objective (3) was, to look for overwintering sites of the vector (Cacopsylla
pruni). During our work, we collected jumping plant-lice on conifers in the following
places: Alsotekeres, Balatonvilagos, Boldogkdvaralja, Budakeszi arboretum, Fenyd£d, in
the near of Gydngydspata — Valley of Eszter spring, Julia-Major — the outskirt of
Nagykovacsi, Kecskemét, Martonvasar, Matrafiired, Nagykovacsi, Nagyszakécsi, Paty,
Piliscsaba, Somogytur, Soroksar, Séskut, and Verpelét. Other jumping plant-louse
species collected were also identified. The collection was carried out between 2014 and
2020, during the winter months, with an insect net attached to a five-metre telescopic
handle or with a garden leaf suction machine equipped with a flexible suction pipe

attached to a spliced bamboo pole that can be adjusted to the height of the trees (up to 10-
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metres hight). Collected material was stored in 70% ethanol, in labelled (location, date
and plant species) Eppendorf tubes. The specimens were identified according to the keys
of Ossiannilsson (1992) and Hodkinson —White (1992), while their classification was
carried out according to the work of Burckhardt and co-workers (2021) under an Olympus

SZ40 stereo-microscope, at 4x magnification.

2.4. Collection of plum psyllids and other jumping plant-lice on Prunus species and

on other host plants during the migration period of C. pruni

Our fourth objective (4) was to collect plum psyllid and other jumping plant-lice in
Boldogkdvaralja, Bekecs and Nagyvarad during the migration period of the vector on
Prunus species and on other host plants. The collection was carried out from 2018 to
2022, during the migration period of Cacopsylla pruni, using the one-by-one method.
Specimens found on plants were captured in 1.5- or 2-ml Eppendorf tubes containing 70%
ethanol for molecular biology tests, or in empty tubes for insect rearing. Individuals were
then transferred to laboratory or to insect rearing cages. Other plants in the vicinity of
Prunus hosts of Cacopsylla pruni were also examined at this time to look for other psyllid
species. Plants in the busdh edge were often so close to each other that their branches
touched each other. Collected jumping plant-lice were identified according to the keys of
Ossiannilsson (1992) and Hodkinson —White (1992) and their taxonomic classification

based on the work of Burckhardt and co-workers (2021).

2.5. Infection ratio and biotype classification of plum psyllids

Our fifth objective (5) was, to classify the biotype and the infection ratio of plum psyllids
collected in 2018 in the region of Boldogkdvaralja, Bekecs and Nagyvarad. DNA
extraction was performed according to the general vector extraction method. Infection
status was determined using the primer pair R16F2n/R16R2 (1241 bp) for standard PCR,
and fU5/rU3 (876 bp) for nested-PCR. The CpA425R (293 bp), CpA425R (293 bp) and

Cp135F primer complexes were used for biotype testing.



2.6. Sticky trap experiment

Our sixth objective (6) was, to find a colour that would attract C. pruni more than the
yellow one. An experiment was carried out with five different coloured sticky traps to
find a more effective colour for trapping Cacopsylla pruni.

Experimental design: The study was conducted in an apricot (Prunus armeniaca)

orchard (mixture of several cultivars of different ages) near Boldogkdvaralja
(48°21'00.8"N 21°13'44.3"E). The orchard was mostly surrounded by crop fields and
natural hedgerows (blackthorn —Prunus spinosa, and hawthorn—Crataegus monogyna,
were the dominant species). One corner of the orchard was a mixed woodland area (where
several conifer species were also present). Although the orchard had reached the age of
yield, no pesticides had been used in the area in the previous three months and during the
study in 2020. Different colored sticky traps (“SZ” series, 10x16 cm, produced by
CSALOMONR®, Plant Protection Institute, CAR, Budapest, Hungary) were used in the
study. The applied four colors and a control used were the following: yellow, fluorescent
yellow, red, white and transparent (unpainted sticky trap as control), to test the traps’
efficiency in catching and monitoring the re-immigrant specimens of the vector. We did
not use any volatile or other attractants for trapping.

The reflectance spectrum of the traps was previously described by Roth and co-
workers (2016).

For each trap two coloured sticky traps were attached back-by-back with metal wires,
with their sticky sides facing outwards. In the experimental design, five different traps
were placed in a random order in a row (parallel to the rows of trees), in ten repelicates,
so that the total number of traps was 50 (ten traps of each colour). Each trap was fixed to
the tree branches at 1.5 meter above ground. To avoid the edge effect, all traps were
placed at least 15 m from any edge of the orchard. The minimum distance between traps,
on the plantation was 10-15 metres in each direction. Traps and the actual phenological
stages of the plants (Meier, 2009) were regularly checked and recorded at 2-3 days
intervals. If the condition of traps made it necessary, they were all replaced
simultaneously on the same day. During these replacements all traps were swap to the
same one. Two weeks before the start of the study, the presence of Cacopsylla pruni in
in the surrounding area was checked daily with indicator traps (one of each colour) and
also by personal observation. The trapping period (with the 10 replicates) started on the
day, when the first specimens of the vector specimens appeared (2020.03.25). The study
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lasted until the end of the re-migration period, but did not include the period when the
new generation of imagoes started to migrate to conifers. Traps were replaced five times
during the study as follows: 2020.04.01., 2020.04.07., 2020.04.15., 2020.04.29. and
2020.05.08. The traps were removed at the end of the day on 2020.06.06. as no
overwintered individuals could be found in them.

The jumping plant-lice specimens were counted and identified according to the keys
of Ossiannilsson (1992), their classification was done according to the work of
Burckhardt and co-workers (2021).

Cacopsylla pruni and C. melanoneura were the most abundant species among the
collected jumping plant-lice. Thus, all other members of the genus Cacopsylla, and those
specimens that could not be identified due to damaged identification marks were
considered as “other Cacopsylla spp.”.

Statistical methods: To test the effect of colors on psyllid catches the number of

specimens captured by colors was summed over replicates throughout the observation
period. The distributions of the response variables and their residuals were identified
using QQ plots, data were transformed when the distributions of the response variables
were different from the normal distribution. Best fitting statistical models were selected
based on AIC values and/or by ANOVA. The total number of C. pruni captured was
logarithmically transformed, and then we fitted with generalised least squares (GLS)
models (R package “nlme”) (Pinheiro et al., 2022). We fitted the GLS model to the total
number of C. melanoneura captured without data transformation. We performed pairwise
tests using Tukey-adjusted P values in the R package “EMmeans” when comparing the
total number of catches on each color within both species (Searle et al., 2012). We
compared the total number of C. pruni and C. melanoneura individuals in yellow traps
after square root transformation and in white traps after logarithmic transformation, by
fitting GLS models.

Based on the results, we distinguished a sub-period during the survey, called the main
immigration period (IM), which lasted from 2020.03.25. (Day 0 of the whole observation
period) to 2020.04.15. (Day 20 of the observation period). As for the whole period, we
summarized the number of captured individuals of each color by row/replicate for the IM.
We fitted GLS models after square root transformation on the number of C. pruni
individuals in white and yellow traps and on the number of C. pruni and C. melanoneura
individuals caught by white traps, during IM. The catches of C. melanoneura in white

and yellow traps during IM were compared using the GLS model after logarithmic
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transformation. All statistical procedures were performed using R (#R Studio 1.4, R Core
Team 2016, R), and data visualization was performed using R and JMP (16.1.0, SAS
Inc.).



3. RESULTS

3.1. Survey of symptoms in two apricot orchards at the region of Boldogkdvaralja

1)

The infection index of the first examined orchard was 2,9. After examination of the
orchard, 201 out of 300 trees showed symptoms, which means that 68,60% of the trees
were symptomatic.

In the case of the second orchard, the infection index was 2,052. In this orchard, 853
trees showed infection symptoms, which means that 62,6% of the trees were

symptomatic.

3.2. Molecular study of a pathogenic isolate from an ESFY-infected apricot (2)

Our second objective (2) was to study an isolate originated from a symptomatic apricot
plant. The DNA sample gave a clear positive result in the PCR test. The sequence analysis
was of good quality, a 1784bp product was amplified from both directions. As result of
the analysis, we found that the isolate had the highest similarity with the ESFY-G2 strain

of ‘Candidatus Phytoplasma prunorum’.

3.3. Collection plum psyllids and other jumping plant-lice on conifers,

identification of collected jumping plant-lice (3)

A total of 1600 jumping plant-lice were collected on conifers between 2014 and 2020, of
which 25 specimens were Cacopsylla pruni collected on Norway spruce (Picea abies)
and on Douglas fir (Pseudotsuga menziesii). Five collected jumping plant-lice could not
be identified due to damaged identification marks. During the sampling period, 20
different jumping plant-louse species were collected from 18 different localities. The
collected material could be classified into three families (Psyllidae, Aphalaridae and
Triozidae). They were found on the following plant species: Norway spruce (Picea abies),
Scots pine (Pinus sylvestris), Serbian spruce (Picea omorika), Nordmann’s fir (4bies
nordmanniana), giant redwood (Sequoidendron giganteum), Atlas cedar (Cedrus

atlantica), common yew (Taxus baccata), Douglas fir (Pseudotsuga menziesii), European
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black pine (Pinus nigra), blue spruce (Picea pungens f. glauca), mixed conifers, savin’s
juniper (Juniperus sabina), and Leyland cypress (Cupressocyparis leylandii). We found
the following jumping plant-lice: Aphalara avicularis (Ossiannilson, 1981), Aphalara
calthae (Linnaeus, 1761), Aphalara polygoni (Foerster, 1848), Bactericera albiventris
(Foerster, 1848), Bactericera curvatinervis (Foerster, 1848), Bactericera femoralis
(Foerster, 1848), Cacopsylla crataegi (Schrank, 1801), Cacopsylla melanoneura
(Foerster, 1848), Cacopsylla peregrina (Foerster, 1848), Cacopsylla pruni (Scopoli,
1763), Cacopsylla pyricola (Foerster, 1848), Cacopsylla pyrisuga (Foerster, 1848),
Cacopsylla rhamnicola (Scott, 1876), Cacopsylla saliceti (Foerster, 1848), Trioza
apicalis (Foerster, 1848), Trioza neglecta (Loginova, 1978), Trioza remota (Foerster,
1848), Trioza rhamni (Schrank, 1801), Trioza rotundata (Flor, 1861) and Trioza urticae
(Linnaeus, 1758). The following species were found on mixed coniferous trees: 7. remota
(one specimen in Martonvasar, and four in Séskut), C. melanoneura (one specimen in
Soroksar, and three in Budakeszi). The genus Trioza was the most common, mainly found

on European black pine and on Norway spruce. Trioza remota was collected in the largest

number (972), followed by T. urticae (174).

The second most common genus was the Cacopsylla, including C. melanoneura (221),
C. pruni (25), and C. crataegi (17). From the genus Bactericera which was the third most
abundant group, B. albiventris (106) was the most abundant species. We found the
overwintering sites of 20 from the 80 reported Psylloidea species from Hungary. The
overwintering localities of the following species were not previously known in Hungarian
literature: A. avicularis, A. calthae, A. polygoni, C. rhamnicola, C. saliceti, B.
curvatinervis, B. albiventris, B. femoralis, T. neglecta, T. remota, T. rhamni, T. rotundata.
In the case of C. peregrina, C. pyricola, C. pyrisuga and T. apicalis we found new
overwintering localities (Norway spruce at the Matra) as an addition to those previously

recorded by Hungarian researchers.

3.4. Collection of plum psyllids, and other jumping plant-lice on Prunus species

and other host plants during the migration period of C. pruni (4)

Collection of plum psyllids on Prunus species: 2063 specimens of Cacopsylla pruni

were collected between 2018 and 2022 during the migration period of C. pruni on
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different Prunus species (wild plum — Prunus myrabolana, apricot — Prunus armeniaca,
myrobalan sucker, blackthorn — Prunus spinosa, and plum — Prunus domestica).

Specific dates of the life cycle of C. pruni were determined during the years of study:
Appearance of the first overwintered adults: 2018.1V.13., 2019.IV.18., 2020.1I1.20.,
2021.111.31., 2022.111.26. Mating individuals: 2020.111.28. Date of oviposition:
2016.1V.9., 2020.1V.8. Appearance of immature specimens: 2020.IV.17., reaching L5
stage on 2020.V.22. After 2020.VI.6. no overwintered (darker coloured) adults could be

found in the apricot orchards.

Other jumping plant-louse species collected during the migration period of C. pruni:

The following jumping plant-lice were collected on different Prunus species: Cacopsylla
melanoneura (blackthorn — P. spinosa, apricot — P. armeniaca, plum — P. domestica, and
myrobalan sucker), Cacopsylla crataegi (apricot — P. armeniaca and plum — P.
domestica).

Cacopsylla rhamnicola (Scott, 1876) was not collected on Prunus, but on common

buckthorn (Rhamnus cathartica) during the period of vector migration.

3.5. Biotype classification and infection rate study of plum psyllid (5)

Investigation of the infection status:

As aresult of the PCR tests to investigate the infection status of the psyllids, 95 of the
155 adult plum psyllid specimens were infected with the ’Ca. Phytoplasma prunorum’
(Table 1). In Bekecs 7 out of 15 specimens were infected, and in Boldogkdvaralja 87 out
of 139 specimens were infected (one specimen was not included in the table because of
damaged genitalia, but it was also found to be infected). Only one infected individual
was found in Nagyvarad. The infection rate of the vectors was 46,67% in Bekecs, and

67,44% in Boldogkdvaralja.

Table 1: Infected Cacopsylla pruni specimens in the year of 2018 in different localities

Localities male female

negative | positive | negative | positive
Nagyvarad 0 0 0 1
Bekecs 1 3 7 4
Boldogkdvaralja | 10 16 42 70
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Biotype classification:

As a result of the biotype tests, all specimens collected at all sites (Nagyvarad,

Boldogkdvaralja and Bekecs) proved to be B biotype.

3.6. Sticky trap experiment (6)
The plum psyllid trapping experiment in 2020, was carried out on apricot trees for 11
weeks, from March to June. 1517 jumping plant-lice specimens of the family Psyllidae

were identified (see Table 2.).

Table 2. Summary of Cacopsylla sepcimens caught by colored sticky traps

. . Summarized
Summarized Summarized Summarized number of
number of number of Share Share of Other
number of other
Trap colour  Cacopsylla . C. of C. C. Cacopsylla
C. pruni by Cacopsylla .
spp. colors melanoneura . by pruni  melanoneura sp.
individuals by colors o
colors
White 390 249 84 57 63.85% 21.54% 14.62%
Yellow 367 158 139 70 43.05% 37.87% 19.07%
Fluorescent 262 86 139 37 32.83%  53.05% 14.12%
yellow
Red 191 50 125 16 26.18% 65.45% 8.38%
Transparent 307 87 174 46 28.34% 56.68% 14.98%
All 1517 630 661 226 41.52% 43.57% 14.89%

Most of the captured specimens belonged to the genus Cacopsylla, while the second
most common group was Triozidae with a total of 33 captured specimens. There were no
significant by-catches in case of other insect families, or in case of pollinators. First
overwintering specimens of Cacopsylla pruni were caught in sticky traps on 2020.03.29.
(Figure 1). The peak of immigration (migration from shelter plants to Prunus species) of
C. pruni was in mid-April (day 22. in Fig 1). There was no difference between the number
of males and females (based on a sample of 300 individuals, approximately 56% of the
vectors were females). No juveniles were observed in the traps. The first new generation
adult (which has not yet overwintered), based on personal observation, appeared on
05.16.2020. Only nine specimens were caught in the traps by the end of the survey, which

is a negligible number, and was not included in the analysis. The end of the trapping
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period did not coincide with the emigration of plum psyllids from the plantation, but with

the time when overwintering adults were no longer found in the plantation.

Mumber of C. pruni caught by coloned sticky traps

Phonology of payllids

Phoanoclogy of host planits

Figure 1. The mean number of C. pruni adults caught by sticky traps calculated from
the 10 repetitions (y axis) by the different colors over the entire observation period and
the change in color preference over time (X axis). Catches were summarized across all
colours (black line) or within colours (coloured lines) for trap replacement periods and

the means were calculated from 10 repetitions. Bottom boxes indicate phenological
phases of C. pruni and apricot trees based on field observations throughout the study.
Dots represent means with error bars as standard errors. The spline is fitted
continuously. The lower X-axis marks dates, the upper one the days elapsed since the

start of the study.
A total of 630 overwintering C. pruni adults were caught in the traps. The total number

of plum psyllids trapped by colours over the entire trapping period, showed significant
differences between them (Fig 2a.).
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Figure 2. Color preferences of the two most abundant Cacopsylla species in the apricot
orchard, C. pruni (A) and C. melanoneura (B). The graphs show the mean number of
catches by each coloured sticky trap (Y-axis) during the whole observation period. The
X-axis shows colours of the traps. Horizontal bars represent the median, vertical bars
represent the standard error of means. Statistical means are represented by triangles and
interquartile ranges are indicated by boxes and outliers (if present) by black dots.

Different letters 7indicate significant differences between colours.

In pairwise comparisons, white traps caught significantly more than red, transparent
and fluorescent yellow traps did, while yellow traps catches were only significantly
higher than red traps (Table 3). Throughout the observation period, white traps caught the
most C. pruni specimens, but there was no significant difference between catches on
yellow and white traps. There was no difference in catches between red, transparent and

fluorescent yellow traps (Figure 2a).
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Table 3. Summary of the applied statistical procedures and their results.

Multiple comparisons

Observation Data Results of
. Subject Compared variables Model . test df.  p-value
period transformation .
statistics
Full C. pruni all all color GLS log t=9.23 50 <0.000*
color
Full C. melanoneura all all color GLS - t=5.68 50 <0.005*
color
Pairwise comparisons
) Results of
Obser\_/atlon Subject Compared variables Model Data . test d.f.  p—value
period transformation .
statistics
Full White sticky traps prini C. melanoneura GLS log t=3.49 20 0.002*
Full Yellow sticky C C melanonewra  GLS sqrt t=0.68 20 0.5
traps pruni
Immigration C. pruni White Yellow GLS sqrt t=-3.05 20  0.006*
period
Immigration C. melanoneura  White Yellow GLS log t=015 20  0.879
period
Immi i . . .
mr'mgrat]on White sticky traps ¢ . C. melanoneura GLS sqrt t=3.04 20 0.006*
period pruni

The most abundant species in the apricot orchard was C. melanoneura with a total of
661 catches. We compared the cumulative number of C. melanoneura adults caught on
the five different coloured sticky traps. For this species, the applied trap colour had no

effect on catch (Figure 3b, Table 3 and 4).
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Yellow sticky traps White sticky traps

Number of caught specimens
Il
Number of caught specimens

-

Figure 3. Comparison of the effectiveness of yellow (A) and white (B) sticky traps in
catching C. pruni and C. melanoneura specimens. The graphs show the cumulative
catches of each colour during the entire observation period. Horizontal bars represent
the medians, vertical bars represent the standard error of means. Statistical means are
shown by triangles, interquartile ranges are indicated by boxes and outliers (if present)

by black dots.

To detect any difference in colour preference between the two psyllids, we compared
the aggregated numbers of C. pruni and C. melanoneura specimens on white and yellow
traps. The white colour had more C. pruni specimens than C. melanoneura (Figure 3b),
in contrast to the yellow (Figure 3a, Table 3).

The difference between C. pruni catches on white and yellow traps was not constant
throughout the trapping period (Figure 3, Table 3). White traps caught noticeably (and
significantly) more specimens than yellow traps during the first three weeks of
observation (Immigration Period, IM), while the yellow-coloured traps were more
effective after mid-April (Figure 3). The period in which white catches outnumbered
those of the other colours corresponded to the flowering stages, their proportion
increasing with the mid-flowering stage (BBCH 65) of apricot (when the flower petals of
the neighbouring blackthorn became visible at BBCH 58), and their proportion decreasing
with the end-flowering stage (BBCH 69-70) of both plants (Figure 3). Yellow traps
reached their maximum level — comparable to that of white traps — during leaf expansion,
1.e., after petal fall. Therefore, in order to find the best sticky trap colour for the timing of
pesticide treatments, we compared the effect of colours on C. pruni and C. melanoneura

catches during the immigration period (IM) (Figure 4, Table 3).
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C. melanoneura C. pruni White sticky traps
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Number of caught specimens
Number of caught specimens

Number of caught specimens
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White Yellow White: Yallow C. melanoneura  C. pruni

Figure 4. Color efficiency of sticky traps (means of summed catches) during the
immigration period (IM). Comparison of C. melanoneura (A) and C. pruni (B) numbers
on yellow and white sticky traps. Comparison of C. melanoneura and C. pruni catches
on white sticky traps during the IM (C). Horizontal bars represent the medians, vertical
bars represent the standard error of means. Statistical means are shown by triangles and

interquartile ranges are indicated by boxes, and outliers (if present) by black dots.

Neither of our colour sticky traps nor the transparent control traps caught honey bees
(Aphis mellifera), although there were several colonies in the vicinity of the plantation

during the study.
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4. NOVEL SCIENTIFIC RESULTS

We found, that 68.60 % of the trees in the first orchard, and 62.6 % of the trees
in the second orchard showed symptoms consistent with phytoplasma
infection. The proportion of trees showing symptoms of infection that we
observed was slightly lower than the proportion previously observed in the
region (77 %) (Tarcali et al. 2010; Tarcali et al. 2022).

We found, that the infection index was 2.9 in the first plantation and it was
2.052 in the second.

We found that the phytoplasma isolate from the apricot orchard studied showed
the highest similarity to the ESFY-G2 strain of ‘Candidatus Phytoplasma
prunorum’, which is a highly virulent strain. This strain was described in
Dossenheim (Germany) (Seemiiller — Schneider, 2004). Before our experience,
this strain was found in apricot (Spain — Torres et al. 2010), cherries in Poland
(Cielsinska — Smolarek, 2019) and plums in Iran (Allahverdi et al. 2014).

We found that the plum psyllids in the investigation areas belonged to the B
biotype which is the same as previously found in our country (Mergenthaler et
al. 2017). The phytoplasma infection rate of the plum psyllid specimens we
collected in the study areas (67.4 % in the case of Boldogkdvaralja, and 46.7
% 1in the case of Bekecs) are similar or slightly lower than the rates previously
experienced in the same regions (77 % in the case of Boldogkdvaralja, and 75-
80 % in the case of Bekecs) (Tarcali et al. 2010; Tarcali et al. 2022). However,
their infection rate with the pathogen ‘Ca. Phytoplasma prunorum’ was higher
than in other previously studied areas of the country (around 15 %)
(Mergenthaler et al. 2017) and in the international context: The national
average in France was around 3 %, and in some areas of the country was 15 %
(Yvon et al. 2004), while in Turkey this ratio was around 23 % (Serce et al.
2011).
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We found that Cacopsylla crataegi and Cacopsylla melanoneura could also
have been found on different Prunus species during the migration period of the
vector C. pruni.

We found that Cacopsylla rhamnicola could have also been found on common
blackthorn during the vector’s migration period. This psyllid is rare in our

country.

We have identified the overwintering sites of the vector Cacopsylla pruni on
Norway spruce and on Douglas fir during the winter period.

We identified the overwintering sites of a further 19 species (4. avicularis, A.
calthae, A. polygoni, C. rhamnicola, C. saliceti, B. curvatinervis, B.
albiventris, B. femoralis, T. neglecta, T. remota, T. rhamni, T. rotundata, C.
peregrina, C. pyricola, C. pyrisuga and T. apicalis) on different conifer species
during the winter period. With regard to the overwintering sites of the 80
jumping plant louse species found in our country (Kontschén et al. 2020), of
which 20 jumping plant louse species were identified on conifers during our
studies, no such information was available in the Hungarian literature for 14
species. As the collection methods are not yet sophisticated enough, further
studies are needed to evaluate the exact role of each tree species in

overwintering.

We found that the white colour trap caught significantly more plum psyllids
(249 specimens) than the yellow (158 specimens) or the other colours (red —
50 specimens, fluorescent yellow — 86 specimens) and the transparent control
trap (87 specimens) during the immigration period (IM).

We also found that the effectiveness of the white coloured sticky trap varies
according to the phenological stages of the host plant. Its outstanding catching
period corresponds to the flowering stages of the host plant, and then its
effectiveness began to decrease at the petal fall stage (BBCH 69-70) dropping
to a level similar to that of the yellow sticky trap.

The phenological synchrony, that we have found in the case of C. pruni was

not previously reported in the literature.
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We have thus, added new information for a more accurate method of swarm
tracking method and for better planning of the timing of defence against the

vector.
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5. RESULTS WITH PRACTICAL ADVANTAGES

The use of white sticky traps has practical advantage based on our results. On the
one hand, it is more effective than the yellow colour previously described in the
literature, and on the other hand, the white trap indicates the appearance of the
plum psyllid earlier in the apricot orchards, than other colours.

Although beating and netting are commonly used methods to collect plum psyllids
and monitor their migration (Mergenthaler et al. 2017; Viczian et al. 2015), the
effectiveness of these methods depends on local weather conditions (e.g., rain,
wind). Sticky traps are more stable, and effective in a given period of time, even
between extreme conditions as well. This method is also less labour intensive and
easier to standardise. It is also practical not only for collecting or monitoring the
migration, but also for recording the density of the given species and also for
monitoring the migration dynamics (Kriiger — Fiore, 2019).

Taking into account the results and conclusions described above, we recommend
the use of the white sticky trap instead of the yellow one recommended in the
literature for trapping the most common psyllid species (C. pruni és C.
melanoneura) in apricot orchards, from the beginning of budding until the end of
flowering of the host plant.

The white trap is also more effective in that it starts catching the vector in large
numbers earlier than the widely used yellow trap.
The use of the white sticky trap is also important in phytosanitary practice, as
preventing the transmission of the pathogen is a key step in slowing down and
stopping the spread of the European Stone Fruit Yellows disease, as mentioned in
the section on vector and disease control options.

Integrated pest management helps to improve the timing and thereby reduce the
number of chemical applications. This is not only cost-effective, but also reduces
the ecological footprint.

This trap is also recommendable for organic plantations, as it does not trap
beneficial insects or pollinators. Ecesis and unperturbed life of these insects in

these plantations is a very important element of plant protection.
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From a practical point of view, it is of great importance that the isolate studied in
Boldogkdvaralja region, was highly similar to the virulent ESFY-G2 strain of the
pathogen, which causes severe symptoms on apricot trees.

The high infection rate of both symptomatic trees and the Cacopsylla pruni in the
region, draws the attention of growers to the fact that the coexistence of a virulent
strain of the pathogen and a highly infected vector population leads to high risk,

if no appropriate strategy is available to control them.

Our results related to the C. melanoneura species are consistent with the
phenomena described by others (Mayer — Gross, 2007), while in the case of C.
pruni we found an extremely useful novelty from a practical point of view, which
complements and explains the existing knowledge on the biology of the species
(Gallinger et al. 2019a).

The large difference observed in the colour preference of Cacopsylla pruni (the
vector of ESFY) and Cacopsylla melanoneura (the vector of AP) is an interesting
phenomenon, as both species belong to the same genus.

This may indicate that there may be other aspects, even very different behaviours,
within the genus, so it would be worthwhile in the future to compare the vector
species belonging to this genus from another point of view. The experience gained
in this way may later contribute to a deeper understanding of the vector’s
behaviour and thus to the development of better protection strategies.

Taking into account the changes in swarming dynamics observed during the study
years as a result of weather anomalies, as well as the possible opportunities for
the pathogen to invade the plantation, which were revealed by Marie-Jeanne and
co-workers (2020) (see subsection 2.4.2 of the theses), it can be recommended
that in a given area, we must first spend time getting to know and understand the
typical conditions of the area.

As local weather conditions are becoming increasingly variable, and these
anomalies also affect the swarming dynamics of the vector (e.g., time of the
swarm start, start of egg laying), it is important to learn as much as possible about
the behavioural motives of the species in the given area as deeply as possible and

to monitor them closely, in order to gain site-specific experience, that will help in
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finding the right defence method. This is the only way to develop a defence
strategy that will help prevent the spread of the pathogen.
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