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Abstract

The species of pear sucker, also called pear psylla or pear psyllid, which are destructive insects belonging
to the genus Cacopsylla (Hemiptera: Psyllidae) cause substantial damage to pear tree plantations. Two
consecutive years of research were conducted on the population structure and biological cycle of psylla in a
small, elderly, and unmaintained pear orchard in northern Romania. Of the two identified species (C. pyri L.
and C. pyricola Forster), C. pyri dominated the psylla population with a percentage of 77.8-80.1%. Adults of
both species emerge from hibernation in the first part of March and produce three generations per year. First-
generation adults emerge in the first decade of June, the second generation in the last decade of July, and the
third generation in the first decade of September as they enter the hibernation phase. Larvae of the first
generation appear in the second half of April, the second generation at the end of June - the beginning of July,
and the third generation in the second decade of August. There have been reports of up to 11 adults and 27
larvae per leaf, 9 larvae per petiole, and 14 larvae per fruit. The number of adults captured on yellow sticky traps
exposed on the southern side of the tree crown was significantly higher compared to the northern side.
Following the intense attack, the well-known cv. “Williams™ was heavily affected, pear trees were badly
defoliated, blackened, and aged prematurely. The climatic conditions of the two years did not influence the
phenology of the pests, but the importance of monitoring psyllids is widely argued, considering that it remains
the key to integrated protection programs in pear orchards.
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Introduction

The common pear tree (Pyrus communis L.) is one of the most important fruit species in temperate
climates, ranking second in fruit output in Europe, and is grown on more than 100,000 hectares, yielding over
2 million tonnes of pears in 2019 (Le Goff ez al., 2021; Tougeron et al., 2021). Numerous insect species, psylla
being the most significant, frequently severely reduce the output capacity of pear trees (Bell, 2015). Pear
plantations are usually affected by three species of psylla: Cacopsylla pyri L., C. pyricola Forster, and C. pyrisuga
Forster (Hemiptera: Psyllidae). The origin of these species is the European continent, although they are also
widely distributed in North America and Asia (Nin ez 4/, 2012). In North America, C. pyricola Forste is the
only species present (Montanari et al., 2015; Le Goff et al., 2021), whereas in Europe all species are present,
with C. pyri L. having the broadest distribution; in the more northern parts, C. pyrisuga Forster predominates
(Erler and Cetin, 2007; Bell, 2015).

There is a wealth of specialised literature describing the morphological and biological characteristics of
‘psylla’ insects, which belong to a group of about 3000 species of small sap-feeding insects allied to aphids and
whiteflies known collectively as ‘psyllids’ or ‘jumping plant lice’ (Hodkinson, 2009), as well as the application
of proper pest management in pear orchards. The following section provides a synthesis of these particularities
from many specialised contributions (e.g., Westigard and Zwick, 1972; Horton, 1999; Ahmed, 2007; Valle e
al.,2017; Khan ez a/., 2020 etc.) and from our own experience (Straulea ez al., 1992; Sestras et al., 1995, 2009).

Description. The adult Psylla pyri L. exists in two distinct sizes and hues. The winter or hibernating
form is 2.6-3 mm in length, while the summer form is 2.1-2.7 mm (Nin ez 4/., 2012). Hibernating adults have
a reddish-brown body with red dots on the breast, a brown abdomen and transparent front wings, brown ribs,
coloured markings towards the base, and dark-brown legs. The adults of the summer form have a lighter body
colour with translucent wings, a yellow head and breast with orange markings, and a green abdomen with
brown dots and stripes on the rear. Both types hold their wings like a canopy over the abdomen. The rear legs
are designed for jumping. When laid, the egg is elliptical and creamy white; as it approaches hatching, it
gradually turns from yellow to orange. The larvae undergo five stages of development. Young larvae are
yellowish with red-violet eyes; as they mature, their colour changes to brown-violet or reddish-brown with
white longitudinal stripes and black specks. Beginning in their third year, they begin to develop wing buds.

Hibernant adults of C. pyricola Forster have a body length of 2.9-3.2 mm. Initially, the head and chest
are light yellow with orange spots, the abdomen green, the back with brown stripes and spots. Over time, the
head, chest, and abdominal ribs become yellow, then dark brown. The head is wide, the eyes large and
hemispherical. The antennas are long and thin, with 10 joints, yellow to black-brown at the tip. The upper
trunk is bulging. The legs are long and strong, brown-yellow with black femurs. The hind legs feature black
bristles and are adapted for jumping. The female abdomen is yellow-orange with black bristles. Adults
belonging to the summer generation have a body length of 2.1-2.9 mm, are brown-green, with six orange
longitudinal bands. The head is wide, with rounded frontal lobes. The eyes are red-brown and the antennae are
1.5 times longer than the width of the head. The tibias do not feature terminal thorns. Both forms have large,
transparent wings with yellow ribs and a brown spot. The egg is elliptical, cream-white to yellow, turning
yellow-orange as it develops, and has a pedicle that penetrates the substrate. The larva has a flat body, 0.1-0.4
mm long, light-yellow, with brown spots on the cephalic capsule and abdomen, and red eyes. In older larvae,
the dorsal part of the abdomen shows wide, black spots.

Biology. All species produce 2-3 generations a year, even four generations during warmer years. Adults
hibernate either under the thickened bark layers and in their respective cracks, or in moss beds, lichen
formations or under fallen leaves. In spring, as early as March, when air temperatures reach 4.5-5.7 °C,
hibernating adults become active. Phenologically, this is the time when fruit buds begin to swell, allowing fleas
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to feed on them and thrive on tree crowns for 80-85 days. After a short feeding period, copulation and egg-
laying take place, with a span of up to 60-70 days. Eggs are deposited scattered apart at the base of buds and on
young shoots, and in early tree varieties they are also laid on the fresh new leaves and even on blossoms (Nin ez
al.,2012). Adults continue to lay eggs until blossoms fall. Incubation lasts about two weeks. Hatched larvae live
close together, focusing around the buds, then spreading on shoots, leaves, and flowers. While feeding, insects
excrete large amounts of sugary waste, which flood the attacked tree parts. The development of the spring
generation of larvae lasts 35-40 days, after which they turn into nymphs. The larvae progress through 5 larval
stages. After 6-10 days, adult insects appear. First-generation adults generally appear in May. After 7-8 days of
feeding, copulation takes place and then egglaying. Eggs are deposited on the back of leaves, usually in rows and
near ribs. One female lays up to 500-600 eggs (Stratopoulou ez al., 1992). Adults of the new generation live up
to 60-65 days, and egg laying takes 25-30 days. The next generations evolve in a similar way, and they overlap
(Montanari ez al., 2015). The adults of the last generation begin the inactive winter phase starting in September.
Populations of these species can be controlled by useful entomofauna, of which 14 predatory species of the
order Hemiptera are more commonly found, the Antocoridae, Miridae and Nabidae families, and two parasitic
species of the order Hymenoptera, the Encyrtidae family (Ahmad er 4/, 2020; Gajski and Pekér, 2021;
Kocourek et al., 2021; Le Goff et al., 2021).

Host-plants and damage characteristics. Monophagous species infesting pear trees, the psylla causes
significant damage to untended orchard plantations. The most affected pear trees are the dwarf varieties, as well
as those supported by espaliers and young trees in nurseries (TeSanovié¢ ez al., 2016). Adults and larvae stingand
draw cellular juice from buds, young shoots, flowers and leaves. As a consequence, attacked buds dry up and fall
and flowers fail to bear fruit. Leaves, covered in excreted waste, stagnate in growth, wrinkle on the edges, twist
and blacken with sooty mold, which makes them fall prematurely. Various pathogens (Capnodium salicinum
Mont.) set in and prosper feeding on the sugary waste layer, sustaining the sooty mold that ultimately blocks
photosynthesis (Montanari ez l., 2015). The attacked shoots curve, often wither, being unable to grow, with
the average length of internodes significantly reduced (Youssef, 2016). Wood growth does not mature and
annual progress will often freeze. Repeated attacks reduce crops, weaken trees and even dry them out (Nin ez
al., 2012). Fruits are also attacked, becoming small, stained, deformed and falling early on. The commercial
value of the fruit crop is reduced (Tesanovi¢ ez a/., 2016). These psylla species are also vectors of some typical
pear tree pathogens (Moreno ez al., 2021) such as the bacterium Erwinia amylovora Burrill, which causes fire
blight (Hildebrand ez 4/, 2000), one of the most devastating pear diseases (Sestras ez a/., 2008). It has also been
confirmed that the pear psyllid is the vector transmitting the phytoplasma known as ‘Candidatus Phytoplasma
pyri that causes a serious disease known as ‘pear decline’ (TeSanovié ez a/., 2016; Riedle-Bauer ez 4/., 2022).

Management. In order to eliminate these pests, chemical treatments used to be the main method. It was
found, however, that resistance to commonly used pesticides such as pyrethroids would rapidly set in (Bués ez
al.,2003; Civolani ez al., 2014; Bell, 2015). Considering an integrated elimination approach, the use of genetic
material that is more tolerant to pest attacks has been introduced (DuPont and John Strohm, 2020), as
numerous studies have shown that some wild species of pear are genetically more resistant (Montanari ez /.,
2015). The resistance may be due to the polyphenotic profile (Fotiri¢ AkSi¢ ez al., 2015) or the morphological
and anatomical characteristics of the leaves (Fotiri¢ Aksi¢ ez /., 2021), but genetically, resistance to C. pyri has
a polygenic inheritance (Perchepied ez 4l., 2016). Genetic resistance has been confirmed in many Asian varieties
and interspecific hybrids, which can be used in genetic selection and breeding programs of pear (Nin ez 4/.,
2012; Emami, 2019; Li ez al., 2022). Such a program was developed in Cluj-Napoca to produce the Haydeea
pear variety that was considered tolerant to Cacopsylla sp. attack (Ghidra ez al., 1992; Sestras et al., 1999, 2009).
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C. pyri has 4-5 generations per year in Europe (Civolani, 2012), and the cultivar, rootstock, ecological
circumstances, and management practises of the orchard, among other factors, can have a significant impact on
how the assault manifests (Sestras ez al., 2008, 2020; Nin ez al., 2012, 2015; Shaltiel-Harpaz ez al., 2018).
However, thorough knowledge of a pest’s life cycle is essential for improving pest control and management
(Civolani, 2012). For this reason, in the current study, the population structure and biology of the psylla species
were examined in a plantation with old trees and no phytosanitary treatments, from a traditional pear-growing
region in Transylvania, Romania. In order to develop effective pest management in pear plantations, the study’s
goal was to track and collect new data and useful information.

Materials and Methods

Period, area of research and procedures

The studies on the structure of Cacopsylla species and the biological cycle of the pests were carried out
during 2018-2019. The investigations were carried out in Ciresoaia, Bistrita-Nisiud County, Romania, a
village having the following geographical coordinates: 47°8'33"N, 24°3'35"E and an elevation of 446 m,
situated in an area where pear trees are cultivated on relatively large areas. In order to determine the structure
of the Cacopsylla species, the sticky yellow-coloured traps (Figure 1) were used each year, with the catch reading
taking place between March and August of each year. The catch was analysed in the laboratory and the species

identification was carried out according

to the external morphology aspects of the captured adults.

Figure 1. Catch of Cacopsylla spp. on the yellow sticky trap

Climatic conditions

The main climatic conditions of the study years, represented by the temperature and precipitation in
the study area in the period 2018-2019, compared to the multiannual average of the period 1990-2019, based
on ClimateCharts.net (Zepner et al., 2020) are presented in Figure 2. The average annual temperature for the
period 1990-2019 was 8.5 °C, and the average annual amount of precipitation in the same period was 720 mm
(Figure 2a). In 2018, precipitation was close to the multi-year average, but in 2019 it was less (640.4 mm). In
the two years of observations, the monthly distribution was relatively uneven compared to the multiannual
one. The least rainy months were April, August, and September in 2018 and February and March in 2019
(Figure 2b, c).

Observations and working procedures
In order to determine the biological cycle of the Cacopsylla species, observations were made annually on
the pear trees in an area with many small private orchards, spread within the village or near it. The observations
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were made in a family garden, with old trees (about 30 years old), located near the house, belonging to the
‘Williams™ (‘Bartlett’) cultivar. “Williams™ is very well known and widespread in the area, being highly
appreciated by the locals for many years. The time of emergence for hibernating adults was established both
through direct observations on trees as well as with coloured traps. In order to determine the development
sequence of the species, direct observations were made on-site. Samples of branches and leaves (100 samples per
observation) were taken, from the second half of March to September, and were analysed in the laboratory,

with a record of the date of each development stage being made.
47.142N, 24.061E | Elevation: 456 m | Climate Class: Dfb | Years: 1990-2019

rC) [mm] Month Temp Precip
50 100 Jan -3.7 41.0
Feb -1.1 352

40 80 Mar 3.8 406
Apr 9.4 555

30 €0 May 14.1 825
Jun 17.4 945

20 40 Jul 19.0 895
Aug 189 727

10 20 Sep 14.0 56.3
Oct 8.9 56.0

0 0 Nov 3.8 465
Dec -2.1 497

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temperature Mean: 8.5 °C Precipitation Sum: 720 mm

(a)

47.142N, 24.061E | Elevation: 456 m | Climate Class: Csb | Years: 2018-2018 47.142N, 24.061E | Elevation: 456 m | Climate Class: Dfb | Years: 2019-2019
[°C] [mm] Month Temp Precip c [mm] Month Temp Precip
300 Jan -13 415 300 Jan -39 683
- Feb -1.7 44.0 Feb 09 193
50 100 Mar 1.7 67.4 50 B 100 Mar 6.4 221
Apr 135 254 Apr 10.3 62.9
40 80 May 16.8 56.4 40 8 May 13.0 146.1
Jun 18.1173.2 Jun 199 71.8
30 60 Jul 19.1 88.1 30 60 Jul 189 553
Aug 20.8 24.0 Aug 20.6 51.0
20 40 Sep 152 31.0 20 40 Sep 152 286
Oct 11.1 329 Oct 104 277
10 20 Nov 4.4 43.2 10 20 Nov 82 428
Dec -1.9 87.6 Dec 0.8 445
0 0
0 R
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temperature Mean: 9.7 °C Precipitation Sum: 714.7 mm Temperature Mean: 10.1 °C Precipitation Sum: 640.4 mm
(b) (c)

Figure 2. Climatic conditions in the study area: temperature and precipitation as multiannual averages (a)
and in the two years of observations, 2018 (b) and 2019 (c)
Data taken from ClimateCharts.net (Zepner ez 4/., 2020)

Statistics

The variability of numbers of adult psylla per leaf, larvae per leaf, petiole, and fruit was presented with
the help of boxplots, which represented minimum, lower quartile, median, mean, upper quartile, and maximum
values of these traits. To compare the number of psyllids on a yellow sticky trap according to their position in
the crown of pear trees, respectively exposure on the south or north side, the Mann-Whitney U test (p < 0.05)
was applied, for the values resulting from every five traps per exposure. The differences between the two species
of Cacopsylla for the traits were analyzed with the help of t-Test: Two-Sample Assuming Unequal Variances,
at a significance level of p < 0.05. The same test and significance level was applied just in C. pyri to analyse if
there is a statistically significant difference between generations I, II, and III, of the two different years (2018
and 2019). For the application of the test, the calendar data were transformed into days, counted from the first
day and month of the start of the first stage of the biological cycle, and then cumulated according to the
following stages. For a clear understanding and representation, the results were presented graphically, on the
O-X axis noting the generation and the year, and on the O-Y axis the number of days, starting with the first
day of each month in which the first stage of the respective biological cycle took place. Also, calculated P values
were presented, knowing that for significant differences P must be less than 0.05. The statistical processing and
graphic representations were carried out using Microsoft Excel software (Microsoft Corporation, 2018).
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Results

Two species were reported in the existing pear tree plantations of the investigated area: Cacopsylla pyri
L. and C. pyricola Forster. The species C. pyrisuga Forster was not identified during the two years of

observations. Figure 3 shows the relative abundance of the Cacopsylla spp. species during the two years of study.

90
80
70
60
50
40
30
20
10

0

Relative abundence (%)

2018 2019

B Cacopsylla pyri L. 0 Cacopsylla pyricola Férster
Figure 3. Relative abundance of the species Cacopsylla spp.

The dominant species was C. pyri L., which in 2018 accounted for 77.7% of all catches on the coloured
traps, while in 2019 it was 80.1%. The relative abundance of the C. pyrisuga species was also close in the two
years, 22.3% in 2018 and 19.9% in 2019. The biological cycle of the C. pyri species monitored during the two
years of the study is presented in Table 1. Hibernating adults were reported in the first half of March (March
6,2018, and March 12, 2019, respectively). Being species with a lower thermal threshold of about 5 °C, they
have been observed feeding on buds. The feeding period for sexual maturation was between 13 and 17 days,
after which copulation took place. After 7-9 days, egg laying began, marking the beginning of the first

generation.

Table 1. Biological cycle of C. pyri L., 2018-2019

D Generation I Generation IT Generation III

2018 2019 2018 2019 2018 2019

Hibernating adults 06.03 12.03 - -

Copulation 19.03 29.03 11.06 14.06 25.07 01.08

Egg depositing 26.03 07.04 17.06 19.06 02.08 05.08

Emergence of larvae 14.04 23.04 28.06 02.07 16.08 18.08

New generation adults 03.06 09.06 20.07 25.07 8.09 12.09

Total days/generation 73 70 33 36 37 39

Values are presented as day and month, i.e., “dd.mm” (for ‘Hibernating adults’ in 2018, ‘06.03” means March 03 etc.)

Eggs were first reported mainly at the base of buds, but as the leaves started appearing, they were laid on
them as well and also on the flowers. Observations concluded that eggs were mainly deposited on the higher
tree crown, on the southern and western side, with over 80% of the eggs being thus laid. Incubation took 19
days in 2018 and 16 days in 2019, so that the first larvae were reported on 14 April 2018 and 23 April 2019
respectively. Larval development took over 46-50 days and the first-generation adults appeared in the first
decade of June. For the first generation, the development from egg to adult took 73 days in 2018 and 70 days
in 2019 respectively. After a feeding period of 5-8 days, copulation took place and then eggs were deposited,
evolving into the second generation. For this generation the incubation was 12-14 days, the larvae being
reported on June 28 in 2018 and July 2 in 2019; the larval stage was 22-24 days, with adults being reported on
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July 20,2018 and July 25, 2019. The life span of this generation was 33 days in 2018 and 36 days in 2019. This
was the largest generation, resulting in a very widespread attack. It has been confirmed that psyllids are strongly
attracted to the colour yellow, and yellow sticky traps can be used effectively in monitoring them (Sagar and
Balikai, 2013)). Thus, the number of adults captured on the yellow sticky traps was very high, showinga greater
preference of the psyllids for the sun-exposed area of the crown of the trees (Figure 4a, b).

Figure 4. Yellow sticky traps with catches of Cacopsylla spp. in the crown of pear trees of Williams cultivar:
(a) - on the south side; (b) — on the north side

Therefore, comparing the number of adults of the second generation caught in the traps, a higher
number was found on the traps that were placed on the southern exposure of the crown, compared to those on
the northern exposure. During the flight period of the adults of the second generation, on the yellow sticky
traps located on the southern side of the crown of the trees, the average number of adults captured was 18,207
adults/trap, and on those located on the northern side, 14,776 adults/trap. The Mann-Whitney U test showed
that the mean number of psyllids caught on a sticky yellow trap, calculated from five traps, was significantly

different (p < 0.05), depending on the position of the traps in the crown of trees, respectively southern or
northern exposure (Figure 5).

Northern exposure  Southern exposure Northern exposure

—

Exposure of psylla traps [ ..
in tree crowns RS
Mean number of psylla
(adults, generation II) on a
sticky yellow trap:

South  North  Mean
18207 14776 164915

South-North comparison
p-value = 0.01208 *

Conclusion: the difference between the number of
psyllids on yellow sticky traps depending on exposure
in the pear tree crown is significant at p < 0.05.

Southern

CXPOSUI'C

Figure 5. The average number of psyllids on a yellow sticky trap (average value calculated from five traps),
according to their position in the crown of pear trees, respectively exposure on the southern or northern

side; the Mann-Whitney U test was applied (p < 0.05)
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Over 90% of the leaves had sooty mold and the attack affected shoots (Figure 6 a), leaves (Figure 6 b),
leaf stalks (Figure 6 c) and fruits (Figure 6 d).

(c) (d)
Figure 6. Attack of Cacopsylla spp.: (a) — on shoots; (b) — on leaves; (¢) — on leaf stalks; (d) - on fruits
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On a single leaf up to 27 larvae and 11 adults were reported. On the leaf stalk there were up to 9 larvae,
and on the fruit up to 14 larvae. The third generation evolved from early August to the first half of September.
Although in some orchards three treatments with synthetic pyrethroids were applied, in the autumn an
extremely strongattack was reported, the trees being strongly defoliated and blackened with sooty mold caused

by saprophytic fungi (Figure 7a, b).

Figure 7. Attack of Cacopsylla spp. and the defoliation and weakening of the trees (a) and the appearance

of sooty mold caused by saprophytic fungi (b)

At the end of September, the adults of this generation entered the winter pause. It is worth noting that
the last two generations overlapped, and it is very likely that there was a partial fourth generation.
Distinguishing between generations is very difficult as adults have a considerable life span as well as a long egg-
laying period.

In the two years of the study (2018 and 2019), the t-Test with Two-Sample Assuming Unequal
Variances revealed significant differences between the two species of Cacopsylla (C. pyri and C. pyricola) for the
mean numbers of adult psylla per leaf, larvae per leaf, larvae per petiole, and larvae per fruit (Figure 8). When
compared to C. pyricola, C. pyri showed better values for each of these traits. The variability of these attributes,
including the minimum, lower quartile, median, upper quartile, and maximum values, was further illustrated

by the boxplots.
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Figure 8. Numbers of psylla (adults and larvac) on the leaf, petiole and fruit as the mean (n = 20) in the
two species of Cacopsylla (C. pyri and C. pyricola) and two years (2018 and 2019). Each box plot represents
minimum, lower quartile, median, upper quartile, and maximum values; in addition, the mean of the data
is symbolised with a ‘x” in the boxplot. Different letters among boxplots indicate statistically significant
differences between the two species of Cacapsylla, at a significance level of p < 0.05 (t-Test: Two-Sample
Assuming Unequal Variances)

The application of the same t-test, based on two samples assuming unequal variances, revealed that the
development of the main stages of the phenological cycle of the C. pyri species in generations I, I, and III in
the two years of the study, 2018 and 2019, were not different significantly (Figure 9). The trend of the curves
showing the comparative development of the phases of the first generation of psylla between 2018 and 2019
(Figure 9a) is relatively similar, even if, climatically, there were differences between the months of the study
period in the two years analyzed. For example, the rainiest month in 2018 was June (173.2 mm), and in 2019
May (146.1 mm), and the months of April and May in 2018 recorded higher temperatures than in 2019 (13.5
and 16.8 C, compared to 10.3 and 13.0). However, the curvilinear allure of the biological cycle remains close
in the two years. Finally, during the phases of the first generation, the calculated P value (P=0.694) indicated a
non-significant influence of the years on the evolution of hibernating adults, copulation, egg depositing, the
emergence of larvae and new generation adults in 2018 and 2019. Similar results were recorded for the second

generation (Figure 9b) and third generation (Figure 9c).
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Discussion

The investigation offered interesting information about the phenology of the two psylla species and
their generations over the course of two years under the research area’s climatic circumstances. The relative
abundance of C. pyri was found to be substantially higher than that of the species C. pyrisuga. No specimens of
the third species present in pear orchards in Romania, C. pyricola, were identified. Also, the species C. bidens
whose spread in Romania is referred to by several authors (Chireceanu, 2007; Shaltiel-Harpaz ef 4/.,2013; Valle
et al.,2017; Akbar et al., 2018) has not been reported, even if in the neighbouring country, Serbia, it has been
seen in many orchards and localities (Jerini¢-Prodanovi¢, 2011). Probably, Cacopsylla bidens (Sulc, 1907) = P.
pyricola (Forster) as it appears in Hodkinson (1989). However, Burckhardt (2008) noted that according to
Hodkinson (1989) “all records of Cacopsylla pyricola from South America probably refer to C. bidens”. In our
study, the slightly varied climatic circumstances between the two years had insignificant effect on the
development of pest phenology and generations during the course of the year. Extending the study over a longer
period could better highlight the influence of climatic conditions on the reaction of psyllids to environmental
factors, especially to temperature. There is a clear tendency for temperature increase in the years of the study
compared to the multi-year average of the last 30 years. The observations showed a large infestation of the
Williams cultivar, which caused the appearance of honeydew on the organs of the trees and sooty mold which
blemishing the fruits, as well as the appearance of premature aging of the trees. The study also highlighted the
preference of the pests for the sunny areas of the crown of the trees. The number of psyllids on the southern,
sunny side, was significantly higher than those on the shady, northern side.

In Romania, psylla is the most serious pest of pears, and the studies carried out on psyllid populations,
as well as their evolution, must sustain proper monitoring and management. In this sense, the suggestions of
Sagar and Balikai (2013) for the proper management of pear orchards remain relevant. As a result, caring for
trees to promote healthy growth and optimum vegetative condition allows them to better endure and recover
from pest attacks (i.e., balanced fertilization, without excess nitrogen to greatly stimulate vegetative growth of
trees, could reduce psylla infestation — Khan ez 4., 2020). Pest populations can be reduced by favouring natural
predators or employing native and alien predators, parasitoids, and pathogens. Manipulation of biological
control agents has the potential to improve their effectiveness against target pests and reduce also the use of
pesticides. The most welcoming method would still be the pear breeding and development of genetically
resistant genotypes, which would have economic and ecological implications as well as be helpful to the
environment and fruit consumers” health.

Psylla pear pests produce significant harm, with an extraordinarily high destructive potential. Psylla can
cause direct damage to trees by weakening them and decreasing fruit output and quality. It can also cause
indirect damage by producing a significant amount of honeydew on which Capnodium fungi grow, as well as
by transmitting phytoplasmas (Civolani, 2012). As the attack progresses, the fruits lose quality, remain small,
and are covered by sooty mold that cause russeting. Strong infestations defoliate trees and diminish their vigour;
trees must recover for several years or die as a result of psylla shock. As mentioned, in addition to these direct
impacts, psylla is the carrier of a phytoplasma known as ‘pear decline’ disease, which can exacerbate dryness and,
in some cases, death of the trees (Garcia-Chapa et al., 2005; Civolani, 2012; Sestras ez 4l., 2020).

The nymphs are the most dangerous stages because of the vast amount of honey generated, particularly
in spring and summer, which spills everywhere, on leaves, shoots, fruits, branches, and even on the tree stems
during massive attacks. In addition to lowering the market value of the fruit, honey promotes the growth of
sooty mold caused by saprophytic fungi, resulting in indirect plant harm. Sooty mold blankets the leaf
apparatus, preventing photosynthesis, disrupting metabolism, weakening trees, and resulting in significant
productivity and harvest quality losses. Prolonged attacks can cause severe tree weakeningand, eventually, death
(Straulea et 4., 1992; Civolani, 2012).
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The control of pear psylla in orchards by phytosanitary treatments is difficult and frequently ineffectual,
and the pests develop tolerance to insecticides (Riedl ez al., 1981; Civolani, 2012; Jaworska ez 4., 2012; Nin ez
al., 2012; Sestras et al., 2020). The application of chemical treatments, especially those from the group of
synthetic pyrethroids, causes a temporary decrease in the numerical density of pests for a few generations, but
then the population recovers, and the numerical density can be at a much higher level (Janssen and van Rijn,
2021). In the area monitored by us, the treatments were applied after the emergence of the larvae of each
generation, but honeydew reduced their effectiveness. Instead, the applied insecticides probably affected the
populations of zoophagous species observed in the area, i, Anthocoris nemoralis F. (Hemiptera:
Anthocoridae), Forficula auricularia L. (Dermaptera: Forficulidae) and Chrysopa spp. (Neuroptera:
Chrysopidae). However, psylla can develop gradations at certain time intervals, a phenomenon reported in
many pest species (Knorr ez al., 2000; Alalouni ez al., 2013). These variations in population density can be
determined by the interaction between the dynamics of climatic factors and the activity of zoophages.

In some pear-growing regions, psyllid treatment costs account for more than half of all pest control
expenditures (Horton, 1999). In new orchards, improved monitoring techniques and novel integrated pest
management (IPM) techniques that protect the contribution of beneficial insects to the natural control of pear
psylla are required (Horton, 1999; Civolani, 2012). Additionally, the introduction of psylla-resistant cultivars
would drastically cut production costs (Bell, 1992; Nin ez /., 2015). Consequently, the production of psylla-
resistant cultivars remains a significant objective for pear breeders. In this way, the discovery and subsequent
utilisation of specific genetic resources is crucial for the effectiveness of pear breeding (Benedek ez /., 2010;
Brewer and Palmer, 2011; Bell, 2015; Puskds e# 4/., 2016; Brewer and Volz, 2019; Li ez /., 2022).

The wild species, which are sources of genes of significant relevance for the adequate response of the
trees to the attack of the most harmful diseases and pests, are genetic resources that must be taken into
consideration similarly to those for the apple tree (Dan ez al., 2015; Sestras ez al., 2009, 2011). Very popular
and well-known pear cultivars are frequently susceptible, if not extremely susceptible, to the effects of the most
harmful biotic stressors. Evwinia amylovora, which causes fire blight, and psylla species are unquestionably
among them. In studies where pear germplasm was evaluated, there were relatively few genotypes that had a
favourable response to these two biotic stressors. For example, of the 365 genotypes represented by Pyrus species
and cultivars, only 20.5% did not show fire blight under natural infection conditions (Sestras ez 4., 2008). In
another study, among 160 European pear genotypes, only 8.1% were found to be highly tolerant or resistant to
C. pyri attacks under natural infestation conditions (Nin ez /., 2015). In the last study, 46.3% of the cultivars
were qualified as susceptible. Well-known cultivars such as ‘Conference’, ‘Doyenné du Comice’, ‘Highland’,
‘Curt’ suffered moderate to heavy damage, and “Williams’ was considered highly susceptible. In addition,
Quarta and Ruggioni (1985) identified only 12% genotypes with low susceptibility to C. pyri attack, from 93
cultivars and 43 selections grown near Rome, Italy.

Psyllids could be controlled by expanding pear cultivation of cultivars with the appropriate response to
psylla attack (resistance or tolerance) and implementing moderate programmes of conventional pest
management utilising phytosanitary treatments with broad-spectrum insecticides throughout the season. In
the spring and early summer, conventional sprays suppress psylla, but abandoning biological control results in
psylla outbreaks towards harvest (Nottingham ez 4/, 2022). In addition, it is crucial to maintain a natural
balance of entomofauna in pome tree ecosystems, thereby protecting psylla’s natural predators to the greatest
extent feasible. Some industrial products, such as kaolin clay and selective insecticides, do not interfere with
biological control, but they are not alternatives for broad-spectrum insecticides (Nottingham ez al., 2022).

Monitoring is particularly important for choosing strategies to fight and combat psyllids. The use of
yellow sticky traps is useful for population analysis and pest monitoring. Bozkurt and Ugur (2022) found that
sticky yellow traps strongly attracted C. pyri adults, but were insufficient for psyllid control. Instead, they may
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be useful for monitoring pest populations, especially in early spring when overwintering C. pyri adults are
present and the beneficial population is inactive. To gather the information required to protect pear orchards
from psylla, various types of traps can be deployed (Adams ez a/., 1983; Adams and Los, 1989). Psyllids can be
monitored in the orchard using yellow sticky traps, particularly from the middle of summer until harvest time;
however, the information obtained from these traps needs to be correlated with the effects of the weather on
insects, natural enemies, and the pear genotypes’ response to attack (Adams and Los, 1989). Due to insect
activities and flight, which differ depending on sex, morphotype, reproductive state, time of year, time of day,
weather, and other factors, sticky traps sometimes provide unexpected variations in insect dispersal, densities
in the orchard, population age composition, and other factors (Horton, 1999). Nevertheless, the information
obtained can be used in protection and pest control programs, including phytosanitary treatments with
insecticides.

The timing of spray treatments is essential because advised insecticides are only effective at specific stages
against the C. pyri. Pear psylla produces a number of summer-form generations throughout the growing season,
and as the season progresses, generational overlap increases. Fruit tree farmers can evaluate the risk at the start
of the second generation and determine that treatments primarily focus on the eggs and young larvae of the
second generation (Schaub ez /., 2005). Pear psylla population assessment is time-consuming and error-prone
to observe. In order to help farmers, plan the time of monitoring and control activities, phenological models
were created, which simulate and forecast the time of natural phenomena using driving variables, typically
temperature. In order to possibly apply and improve the synchronization of monitoring and control methods
in pear orchards, Schaub e al. (2005) adapted a similar model with simulated findings for the biological
structure and parameter values of psylla populations. Prior to this, Morgan and Solomon (1993) developed
simulation models by including a C. pyricola phenological model into a multipest forecasting system. They used
historical data from pest populations in pear and apple orchards in south-east England in conjunction with
autonomous climatic monitoring equipment. Their purpose was to offer a logical foundation for decisions
regarding pest management.

The regular monitoring of the psyllids’ developmental stages must serve as the foundation for the
preventative calendar for the pest control effort, the deployment of pesticide treatments, as well as the selection
of protective chemicals. One of the key factors in enhancing agricultural output is the use of pesticides, but its
imbalanced and incorrect use has had detrimental impacts on both human and environmental health. There
are numerous approaches for reducing pesticide residue in fruit crops, including precision farming, genetic
methods (obtaining new resistant cultivars to pest attack through breeding works and introducing them into
the culture), integrated pest management (IPM) and integrated nutrient management (INM), which are all
applicable to pear orchards (Sinha ez /., 2022). However, the management of pear orchards must ensure that
pests do not become resistant to insecticides and that healthy crops and fruits are produced without the use of
poisons or dangerous pesticide residues. In the study by Tomas ez al. (2022), the integrated protection
programme treatment based on diflubenzuron, spirotetramat, abamectin, and acetamprid displayed the best
effectiveness in battling psylla (2022). The kaolin treatment, on the other hand, was least successful in reducing
psylla. The treatments’ efficacy changed significantly from one year to the next, indicating that the year’s
climatic conditions had a significant impact on the success of phytosanitary spraying against psyllids.
Preflowering or the period before the first egg oviposition is the best way to describe the first kaolin application.
By doing this, both the quantity of the first generation and the requirement for pest control of the subsequent
generations are decreased (Tomas ez /. (2022). Thiacloprid and diazinon are traditional chemical insecticides
that can be employed against psylla, while diflubenzuron and lufenuron are biological insecticides. The
biorational chemicals guaranteed the highest psyllid population mortality rate, making them an effective tool
for controlling pear psylla populations (Emami, 2019; Sinha ez al., 2022).
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Plant protection specialists have the mission of ensuring the control of pests in pear orchards in the
context of sustainable agriculture, protecting the environment and maintaining an appropriate ecological
environment and obtaining fruits in the conditions of appropriate harvests, with quality and healthy fruits for
consumers. This desideratum can be achieved through the exhaustive knowledge of the complex problems and
aspects related to the response to attack of pear cultivars depending on their genetic endowment, climatic
conditions, and culture technologies, etc. Ensuring integrated protection and control programs for crops
becomes a priority in the current conditions of climate change, the economic and energy crisis, the growth of
the world’s population, and the need for food at the global level, etc.

Conclusions

C. pyri L. was the most common species of psylla found in the pear tree plantations in the Ciresoaia
region, located in the northern part of Romania. The first half of March is when the adults of the generation
that hibernates get up and begin their daily activities. Eggs are often laid by the adults in the upper section of
the crown, as well as on the southern and western sides of the structure. The second half of April is when the
larvae of the first generation appear in the plantation. The larvace of the second generation appear at the end of
June and the beginning of July, and the larvae of the third generation appear in the second decade of August.
There are three generations produced by this species every year: generation I (March-June), generation IT (June-
July), and generation III (August-March), which may or may not overlap. Plant protection experts can make
efficient use of psylla population assessment and monitoring studies as well as in-depth understanding of pest
phenology. Interest in tying the biological cycles of pests to climatic factors allows for projecting the expansion
of psyllid populations and the escalation of attacks, depending on the weather evolution throughout the year.
Under the guidelines of sustainable agriculture and the protection of the environment and fruit consumers, it
is the responsibility of plant protection professionals to make the best choices for the efficient management of
pests in pear orchards, assuring profitable harvests and high-quality fruit.
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