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Abstract: Over the past decade, Halyomorpha halys has become one of the main threats to hazelnut
production. Its trophic activity makes kernels inedible due to strongly detrimental effects on the
organoleptic quality. Its management in Italy is still tricky due to the lack of effective native biocontrol
agents and authorized and effective insecticides. A field test was performed on San Giovanni (SG)
and Tonda Romana (TR) cultivars (early and late ripening, respectively) to assess the intensity of
cimiciato damage with different pest management approaches (no insecticide and integrated pest
management, IPM). Moreover, phenological analysis of fruits and the monitoring of stink bug species
by traps and plant beating were carried out. In the untreated plots, the SG cv showed a higher
cimiciato incidence with respect to the late TR cv (40% SG-NI vs. 23% TR-NI). This was probably
due to the different phenological phases in which stink bugs injured the fruits. In fact, stink bug
bites provoke different kinds of injuries (blanks, shriveled, and cimiciato) according to the fruit’s
development period. Indeed, in the period of highest insect occurrence in the field, the fruits of
the early cv (SG) were in kernel expansion, a phenological phase in which bug injuries are more
likely in cimiciato defects. Lastly, the IPM did not provide sufficient fruit protection (19% SG-IPM vs.
11% TR-IPM). The interaction between the phenological development of hazelnuts and the brown
marmorated stink bug represents a critical aspect in understanding and implementing effective
strategies for controlling this key pest on hazelnut trees.

Keywords: brown marmorated stink bug; Corylus avellana; integrated pest management; invasive
species; corked hazelnut

1. Introduction

Climate change, resulting from human activities and natural variability, represents
an increasing challenge for agriculture [1]. One of the main results of climate change is
the variation in the ecological niche of different species [2,3], including agriculture and
forestry insect pests [4,5]. In parallel, the spread of alien invasive species is promoted by
the import—export of goods and the movement of people [6].
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Italy is particularly vulnerable to insect and biological invasions due to its numerous
entry points, such as harbors and airports [7,8]. Moreover, Mediterranean basin countries
are characterized by favorable warm-temperate climates [9]. Climate change makes these
areas warmer, smoothing the way for the establishment and acclimatization of invasive
species [10,11]. The climatic conditions of the Italian territory, made more favorable by
climate changes, permitted the invasion of Halyomorpha halys (Stal) (BMSB) (Hemiptera:
Pentatomidae), which started in northern Italy in 2012 and then spread throughout the
country [10,12].

Halyomorpha halys, also known as the brown marmorated stink bug, is a polyphagous
pest native to East Asia that attacks up to 300 agricultural, horticultural, and ornamental
host plants, including hazelnut (Corylus avellana L.) [13,14]. This is worrying because
hazelnut cultivation has a strategic role in Turkey’s and Italy’s agricultural economies, as
well as in the USA, Azerbaijan, and Georgia [15]. Turkey, indeed, manages to produce
~72.9-85% of the hazelnut’s world supply (about 684,000 t in 2021), followed by Italy (about
84,670 t in 2021) [15,16]. In Italy, the main regions contributing to hazelnut production are
Piedmont (35% of the hazelnut national production in 2021), followed by Latium (29%),
and Campania (28%) [17].

With the increase in the H. halys population, this species became a key pest for hazelnut
management, spreading rapidly in Piedmont (2013), Latium (2015) [18], and Campania
(2018) [19].

The fast growth and invasiveness of H. halys in the Italian territory are related to
different factors: adequate average temperature, variety, and abundance of both sponta-
neous and cultivated host plants on the territory [20,21]. Additionally, the lack of effective
native biocontrol agents and human influence (movement of people and commodities,
overwintering sites) also contribute to the spread of H. halys [21,22].

The damage produced by H. halys on hazelnuts mainly concerns the fruits. In fact, it
causes different kinds of injuries depending on the development phase of the fruit [23,24].
When the bite occurs during the shell expansion, the seed growth stops, inducing a kernel
abortion (empty shells). In this stage, the “early fall”, caused by native stink bugs, is
common [25]. However, this kind of damage has not yet been associated with H. halys
trophic activity. If the injury occurs during the kernel expansion, the seed becomes shriv-
eled and/or malformed [23]. Differently, cimiciato (or corked) hazelnuts are formed if
the bite occurs during both kernel expansion and fruit ripening [23]. This last kind of
damage results in dry and necrotic tissues with a distinctive flavor called “cimiciato”,
resulting from secondary metabolites [16,26]. Cimiciato-infected hazelnuts are character-
ized by bitterness and astringency due to a pool of diarylheptanoids and a typical and
unpleasant aroma. However, to the best of our knowledge, specific volatile compounds
responsible for cimiciato’s off-odor have not yet been identified [26,27]. Moreover, corked
hazelnuts present various other alterations regarding the the lipid composition profile
and the increase the sensibility in lipid oxidation [16,28,29]. These alterations affect the
taste and shelf life of the product, making hazelnuts, in some cases, inedible and not mar-
ketable [16,26]. Similar damages on hazelnuts can be caused by other insect species, such
as Gonocerus acuteangulatus (Goeze) (Hemiptera: Coreidae), Nezara viridula L. (Hemiptera:
Pentatomidae), Palomena prasina L. (Hemiptera: Pentatomidae), Piezodorus lituratus (Fabri-
cius) (Hemiptera: Pentatomidae), Dolycoris baccarum L. (Hemiptera: Pentatomidae), and
Rhaphigaster nebulosa Poda (Hemiptera: Pentatomidae) [30-33]. Unfortunately, H. halys
seems more harmful than native stink bugs; indeed, it provokes the highest percentages of
total damaged kernels, more moldy and rotten hazelnuts, and more external symptoms [31].
Additionally, H. halys tends to quickly dominate the invaded ecosystem, prevailing over the
other pentatomids [34,35]. Furthermore, the available insecticides are ineffective against
H. halys due to their short residual activity and low initial knock-down effect [36,37].

The high polyphagy of this species determines that many specimens are also present
in the surroundings of the treated crop, hence not undergoing the treatment directly and
infesting the field later on [21]. This increases the necessity for pesticide applications,
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resulting in economic losses and negative environmental and health effects [38]. In this
context, improving knowledge of H. halys in relation to specific agricultural environments
and hazelnut cultivars is increasingly necessary.

In the present study, a field test was performed to collect useful information to improve
sustainable pest management strategies in hazelnuts, with the following aims: (a) To
evaluate the intensity of cimiciato damage caused by stink bugs in the hazel orchards of
two different CVs (one early and one late ripening) in relation to kernel development;
(b) to evaluate how the density of H. halys adults varies in hazelnut orchards up to the
hazelnut harvest; (c) to evaluate the possible relationship between the density of stink bugs
at a particular phenological stage of hazelnuts and the incidence of damaged fruits; (d) to
evaluate whether the treatments normally carried out in hazelnut orchards can reduce the
damage of the fruits to an acceptable level.

2. Materials and Methods
2.1. Experimental Design, Location, and Plant Materials

The experimental trial was conducted in 2022 in a commercial hazelnut (Corylus avel-
lana) orchard (about 20 hm?) located in Teano (CE), Campania region (southern Italy). The
trial was performed in two plots, one for each cultivar, about 200 m apart. The cultivars
were San Giovanni (planted in 2015) and Tonda Romana (planted in 1987). The tree spacing
was 5 m between rows and 4 m across the row in both plots. The trees were trained to open
a vase with four main branches.

Two pest management strategies were evaluated: integrated pest management (IPM)
and no insecticide (NI). The application dates, the quantities per square hectometer, and
the formulations of the insecticide treatments used in the trial are shown in Table 1.

Table 1. List of insecticide treatment, dosage, and date of application used in the experimental test.
a.i.: active ingredient.

Date Commercial Name Active Substance Concentration of a.i. Quantity of the
and Manufacturer in the Formulate Formulate/Hectare
Kestrel® (Nufarm, . 5
2 May 2022 Melbourne, Australia) Acetamiprid 200 g/L 0.4 (L/hm~)
Sparviero® (Sipcam, ) . 5
6 June 2022 Pero, Ttaly) Lambda-cyhalothrin 100 g/L 0.125 (mL/hm*®)
. ® .
21 July 2022 Kaimo™ Sorbie (Nufarm, Lambda-cyhalothrin 50 g/kg 0.3 (kg/hm?)

Melbourne, Australia)

In March 2022, 80 plants of each cultivar were selected for the test (10 plants in
8 different rows) in the central part of the corresponding plot, avoiding the bordering parts.

In each cultivar plot, the first two rows of trees were treated according to IPM principles
(IPM-SG and IPM-TR theses). The remaining trees were not treated with insecticides. The
samples for the NI thesis were collected only from the two central rows (5 and 6) (NI-SG,
NI-TR theses), while the two rows on each side (3—4 and 7-8) formed a buffer zone to avoid
contamination by the insecticide. One block of four trees (two plants from each row) was
considered a replicate for the fruit phenology study (five replicates in total, two rows of
twenty plants).

2.2. Brown Marmorated Stink Bugs Occurrence: Monitoring Activities

Three traps were placed around the experimental field on the 3 May 2022 (the 123rd
day of the year, DOY). They were placed 250—400 m apart. The traps consisted of a
black cylindrical polypropylene tube (tube diameter: 15 cm; tube length: 60 cm) [39,40]
(Figure S1). One distal part of the tube was closed with a net to prevent insects from
exiting. The opposite part consisted of a net funnel through which insects, once inside,
could not exit. A plate was attached to the tube to allow the trap to rotate with the wind.
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The traps were baited with Pherocon BMSB high-load lures (Trécé, Adair, OK, USA).
Although this is a specific pheromone, it is based on aggregation pheromones that can
also attract other pentatomids [41]. This can help determine the presence of local stink
bugs [42]. Traps were checked every 6-8 days from the 130th to the 262nd DOY. During
sampling, the specimens were collected from the traps and transported to the laboratory for
morphological identification using the available taxonomic key [43]. The adult specimens
of H. halys were sexed starting with the 145th DOY. The occurrence of BMSB was estimated
by taking the average of the catches collected from the three traps. The data were expressed
as a percentage of specimens per week relative to the total number of specimens caught
during the entire monitoring period (% total catches, TC).

In addition to the traps, some plant beating monitoring was performed following the
protocol of Bosco et al. (2018) because there are no commercially available lures specific to
other pentatomids [31].

2.3. Fruit Growth and Phenological Classification

Twenty hazelnuts were randomly collected weekly (from San Giovanni from the 130th
to the 236th DOY and Tonda Romana from the 130th to the 243rd DOY) from the five
hazelnut blocks. This sample was used for the phenological study. The hazelnuts were
collected from the four compass directions of each block: northeast, southeast, southwest,
and northwest.

The main biometric measurements were collected using a digital caliper, as shown in
Figure 1. The classification of fruit development was estimated by a method specifically
developed based on the classification method proposed by [23]. The classification used
in our study consisted of seven phases, mainly based on the percentage of the hazelnut
volume occupied by the embryo/kernel. The kernel and in-shell hazelnut volumes were
approximated to an ellipsoid. In particular, the pre-kernel expansion phase (Hedstrom
classification) corresponded to phase 1 (Figure 2); the kernel expansion (Hedstrom classifi-
cation) was divided into four phases 2-5 (Figure 2), while the complete kernel expansion
(Hedstrom classification) was divided into two phases (6-7) (Figure 2). A numerical value
corresponding to the previously described phenological stages was assigned to each col-
lected sample fruit (twenty hazelnuts for each cultivar and thesis).

Figure 1. Biometric measurements were collected on hazelnuts and kernels. (a) hazelnut height;
(b) minor hazelnut diameter at equatorial point; (c) hazelnut larger diameter at equatorial point;
(d—f) measuring points of the shell (the value of the shell used was obtained from the average of
these three values); (g) kernel height; (h) kernel minor diameter at equatorial point; (i) kernel larger
diameter at equatorial point.
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Figure 2. Phenological phases of the hazelnut fruit development in the San Giovanni cultivar.

(1) Phase 1, shell expansion, no embryo present; (2) phase 2, embryo volume < 5% of the internal
hazelnut volume; (3) phase 3, 5% < embryo volume < 25% of the internal hazelnut volume; (4) phase 4,
25% < embryo volume < 50% of the internal hazelnut volume; (5) phase 5, 50% < embryo volume
< 75% of the internal hazelnut volume; (6) phase 6, embryo volume > 75% of the internal volume;
(7) phase 7, shell color change, from green to brown.

2.4. Harvest and Hazelnut Damage Assessment

The DOY in which the hazelnuts started to fall, the DOY of the first commercial
harvest (40% of the fallen fruits), and the DOY of the second commercial harvest (95% of
the fallen fruits) were recorded. In order to assess the cimiciato incidence, a sample of
10 fruits per 10 trees (n = 100; of which 50 fruits were collected during the first commercial
harvest and 50 fruits during the second commercial harvest) was randomly collected for
each hazelnut thesis (IPM-SG; NI-SG; IPM-TR; NI-TR). These samples were dried up to a
commercial humidity of 6% according to the United Nations Economic Commission for
Europe (UNECE) guidelines for marketing hazelnuts in shell [44]. The hazelnuts were
shelled and visually inspected to identify the damaged ones. The hazelnuts were inspected
for stink bug damage, both externally (visible on the kernel’s surface) and internally
(inspection of the fruit by cutting the kernel into four parts).

Based on visual inspection, kernels were classified as healthy, shriveled, or cimiciato
(external and/or internal damage). In addition, all hazelnuts were classified as cimiciato
after two researchers tasted them to confirm the visual classification. The researchers in-
volved in the study were expert tasters who recognized the typical cimiciato off-flavor. The
four portions of each presumed cimiciato hazelnut, cut during the preliminary inspection,
were randomly assigned to the two tasters (two portions each) by a third person. The eval-
uation was made independently, without any possibility of communication between the
tasters. The blank nuts were not included because it is impossible to distinguish whether
the damage has been caused by the action of the stink bugs or by climatic and physiological
factors [45-47].

2.5. Statistical Analysis

GLM analysis evaluated the incidence of cimiciato and shriveled hazelnuts for the
“cultivar” and “pesticide” variables and the interactions. The comparison of tree produc-
tions between the treated theses was evaluated by one-way ANOVA (« = 0.05) using the
post hoc Tukey HSD test to separate means. The Kruskal-Wallis test (¢« = 0.05) was used to
assess differences in the phenological stage between the different dates.

All statistical analyzes were performed using SPSS 28 (IBM, Chicago, IL, USA).
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3. Results
3.1. Stink Bug Occurrence

The density of H. halys in the field, represented by the catches in the traps (%TC), is
shown in Figure 3a. The highest density of H. halys in hazelnut fields was recorded during
the interval between the 145th and the 159th DOY (Figure 3a). Approximately 20.5% of the
total captured specimens (355) were recorded on the 152nd DOY.
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Figure 3. (a) Percentage of Halyomorpha halys adults, captured from the 130th to the 262nd of 2022,
and hazelnut fruit growth represented the mean phenological phase of San Giovanni and Tonda
Romana cultivars. Asterisks indicate significant differences between the hazelnut cultivars according
to Kruskal-Wallis (p < 0.05) and (b) the pattern of the sex ratio of H. halys adults caught between days
145th and 262nd of 2022.

The sex ratio during the sampling period is shown in Figure 3b.

Plant-beating samplings showed a very low population of stink bugs other than
H. halys. Occasionally, only a few specimens of P. prasina and N. viridula were recorded in
traps and plant beating samples. Therefore, their presence can be considered irrelevant for
the purposes of the present study.

3.2. Fruit Growth

Figure 3a shows the mean phenological phase for the two cultivars at each sampling
date. The growth curves of both cultivars had a sigmoid shape, with the ascending part of
the curve presenting an inflection point corresponding to an average phenological phase of
5.60 (173rd DOY) for San Giovanni and 5.25 (180th DOY) for Tonda Romana. After these
inflection points, the growth rates slowed down.

On the first two sampling dates (130th and 137th DOY), the two cultivars were in
phase 1, i.e., shell expansion with no embryo present (Figure 2(1), Figure 3a). From the
third sampling date (145th DOY) onwards, the San Giovanni cultivar showed earlier fruit
development than that of the Tonda Romana at each sampling (Figure 3a). Differences
in phenological growth per date are shown in Figure 3a [the asterisks indicate significant
differences according to Kruskal-Wallis results (p < 0.05)]. For both cultivars, pesticide
application did not affect fruit/kernel size.

3.3. Harvest and Hazelnut Damage Assessment

The different fruit development trends of the two cultivars led to different ripening
and harvesting dates, as shown in Table S1.

At the end of the harvest, the production (in-shell hazelnuts at 6% moisture) was
approximately 2.8 t/ha (about 5.8 kg/tree) for the San Giovanni cultivar and 2.2 t/ha
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(about 4.5 kg/tree) for Tonda Romana. For both cultivars, no significant differences were
detected in the production between IPM and NI treatment (in the comparison between NI
and IPM for the SG cultivar, df =1, F = 1.059, p = 0.317, while for the TR cultivar, df =1,
F =0.734, p = 0.403).

Table 2 reports the incidence of cimiciato hazelnuts for both cultivars and theses (IPM
and NI). During the damage assessment in the laboratory, the two tasters confirmed that
all the hazelnuts judged as cimiciato by the visual examination had the typical cimiciato
off-flavor. When insecticides were applied (SG-IPM vs. TR-IPM), no significant differences
between the cultivars in terms of incidence of cimiciato and shriveled hazelnuts were
found (Table 3). On the contrary, in the absence of insecticide treatments (SG-NI vs. TR-
NI), the incidence of cimiciato damage was higher in the San Giovanni cultivar (Table 3).
The pesticide treatments and the cultivar affected the cimiciato incidence; the interaction
between these factors was insignificant (Table 3). No statistically significant differences in
the incidence of shriveled hazelnuts were found between the cultivars for either of these
(with or without insecticide) (Table 3).

Table 2. Mean number (+/—SE) of cimiciato hazelnuts on early San Giovanni and late Tonda Romana
cultivars under NI (control) and IPM theses. For each of the four treatments, the incidence of cimiciato
hazelnuts in every ten fruits was recorded, with five trees examined during the first and another five
during the second commercial harvest.

Cultivar Cimiciato Hazelnuts
NI P’M
San Giovanni (5G) 4+ 045 1.9 +0.35
Tonda Romana (TR) 2.3 £0.30 1.14+0.28

Table 3. GLM analyzed the incidence of cimiciato and shriveled hazelnuts affected by cultivar,
pesticide, their interaction, and different treatments. SG, San Giovanni cultivar; TR, Tonda Romana
cultivar; NI, no pesticide; IPM, integrated pest management with pesticides.

Factors Cimiciato Incidence Shriveled Incidence

P df F p df F
Cultivar 0.001 1 12.813 ns 1 0.671
Pesticide <0.001 1 22.326 ns 1 0.953
Cultivar vs. Pesticide ns 1 1.661 ns 1 0.106
SG-IPM vs. SG-NI 0.002 1 13.734 ns 1 0.600
TR-IPM vs. TR-NI 0.009 1 8.640 ns 1 0.360
SG-IPM vs. TR-IPM ns 1 3.236 ns 1 0.600
SG-NI vs. TR-NI 0.005 1 9.966 ns 1 0.360

4. Discussion

Although stink bug damage to hazelnut is well known, few papers have scientifically
assessed its incidence [31,47]. Our study pointed out that the intensity of cimiciato damage
is considerable, reaching an average value in the absence of insecticide treatments of 23%
for the cultivar Tonda Romana and 40% for the cultivar San Giovanni. The damage was
greater than that observed by Bosco et al. (2018) (13.98% in 2015 and 14.58% in 2016) in a
similarly managed orchard under the same conditions of the absence of insecticides [31].
The differences may be attributable to the different cultivar (Tonda Gentile delle Langhe),
climate (NW vs. southern Italy), year (20152016 vs. 2022), and stink bug species [31]. The
sampling in that orchard did not record any H. halys specimens [31].

As demonstrated by our monitoring (plant beating and trapping), the cimiciato dam-
age observed during this study was determined almost exclusively by H. halys specimens.
This finding is consistent with what has been recorded in previous studies on soy [35] and
pome fruits [34]. It was observed that H. halys became the dominant stink bug species in
the newly invaded territory after about three years [35]. This is consistent with the first
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detection of H. halys in Campanian 2018 [19]. Furthermore, H. halys appears to be the
most harmful species, causing the greatest damage to kernels compared to other stink bug
species [31].

The recorded percentages of cimiciato damage are economically unsustainable, espe-
cially if the reported values exclude the blank traumatic damage, which cannot be attributed
with certainty to the trophic activity of the stink bugs [45,46].

As highlighted in Table 2, the greatest cimiciato damage was found in the early
cultivar (SG). The study of fruit phenology showed that the two cultivars reached the
same phenological stages at different times. Indeed, they were spaced about 12.5 days
apart. The new phenological classification used in this paper permits the distinction of
different phases during kernel expansion, unlike the classification used by Hedstrom et al.
(2014) [23]. The choice of a greater number of phases was made to try to highlight more
clearly if the fruit presented a different vulnerability and different intensities of cimiciato
symptoms if stung at different stages of kernel growth. Further studies are needed to
understand this feature [47]. Hitherto, there were no studies on the phenological stages of
fruit development in Tonda Romana and San Giovanni.

As shown in Figure 3a, a large population of H. halys adults moved into hazelnut
groves immediately after overwintering. This is consistent with other observations about
the presence of a larger peak of emerging adults from experimental refugees between
mid-May and early June [48,49]. This is also consistent with Bosco et al. (2018) [31], who
reported that during monitoring activities in a hazelnut orchard in West Georgia, they
recorded early captures from mid-June due to the overwintering population. This early
recolonization was not observed in the other three orchards (one in NW Italy and two in
West Georgia), where the largest occurrence happened in the late season [31]. Generally,
high early peaks indicate a higher population for that year [50,51].

The sex ratio in the first part of the season after overwintering was biased toward
females (Figure 3b). This is another variable to consider because females are more voracious
than males in several Pentatomid species, for which a greater presence of females in a
period could cause higher damage [24,52]. The sex ratio varied considerably over time
according to the development of the different generations (two per year), tending toward
parity when the adults of the first generation of the year arrived or developed in the groves.

The differences in the cimiciato incidence in the no insecticide thesis (SG-NI vs. TR-NI)
may be due to several factors. However, the analysis of the phenological phases permits us
to state that during the time of maximum density of H. halys, the early cultivar (SG) was in
the kernel expansion stages. These are the most susceptible stages of fruit development
for cimiciato defect occurrence, consistent with previous studies on G. acuteangulatus,
P. prasina [24], and H. halys [23]. These studies indicated that the type of damage to the
hazelnut kernel is strongly related to the moment of attack by stink bugs in relation to fruit
development. Thus, the high incidence of cimiciato (40%) recorded in the SG cv should be
due to the high H. halys density, with 42.65% of the total catches recorded between the 145th
and 159th DOY. This period coincided with the phenological phase of kernel expansion,
during which SG fruits were predominantly in stages two to four. Moreover, this period
was also characterized by a higher presence of females.

Conversely, the high density of the H. halys population did not coincide with the
phenological phase more susceptible to the TR kernel. Indeed, the fruits of this cv were up to
the 152nd DOY in the shell expansion phase (fruits did not reach stage two, kernel presence).

This would explain the different levels of cimiciato damage recorded in the two
cultivars grown in the same commercial orchard (Table 2).

The insecticide treatments affected the density of H. halys and the cimiciato incidence.
However, the first treatment with Acetamiprid (Table 1, Figure 3a) was performed too early
compared to both the presence of H. halys specimens and the presence of fruits for both
cultivars (121st DOY). Differently, the second and third treatments with lamba-cyhalothrin
(157th and 202nd DQOY) caused an effective decrease in the H. halys population density. The
effectiveness of lamba-cyhalothrin in controlling H. halys is at least partially consistent with
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previous results [53]. Nevertheless, the chemical treatments did not reduce the cimiciato
damage incidence to an acceptable level (19% SG and 11% TR). On the other hand, the
reduction in the percentage incidence of cimiciato in the treated SG plot was very high (from
40% to 19%), and this should be due to the first treatment carried out with acetamiprid.
This systemic and persistent active ingredient may have protected the fruits during their
vulnerable phenological stages [54,55].

The analysis of the presence of H. halys in the hazelnut orchards and the phenological
stage of the fruits showed that the first two treatments were not carried out at the best
moment to control the stink bug. The first should have been delayed, while the second
should have been anticipated; hence, IPM strategy improvements must be made.

The H. halys population increased again after maturation and the first harvest. This is
probably due to the absence of other treatments, the development of the second generation,
and the fact that the area is a likely overwintering site.

Despite the strong reduction in cimiciato damage recorded for both cultivars, the
results showed that the insecticide treatments carried out on IPM theses did not provide
sufficient protection. The results of these research activities have strong implications for
future IPM strategies. Results showed that to manage H. halys, it is essential to simul-
taneously analyze the density of the pest and plant phenology. In particular, it is very
important to study the phenology of the fruits to identify when they are more vulnerable
to damage. This study also highlights the importance of differentiating defense strategies
according to the development of the cultivar. Finally, knowing the pest population density
in the orchard is essential to identifying the best time to apply chemical treatments. This
is particularly true in the early movement of the overwintering generation in hazelnut
groves, indicating higher population years [51]. In such cases, as in this study, treatment
with a persistent active ingredient is recommended at the beginning of the infestation. The
treatments must aim to keep the density of the H. halys population very low during the
more susceptible phenological phases (kernel development) of the fruit’s development.

5. Conclusions

The overall damage analysis showed that: (1) the H. halys population, in some localities,
arrives rapidly at hazelnut groves just after overwintering. It has the typical dynamic of two
generations per year, besides the specimens of the second generation that overwinter; (2) the
damage to the hazelnuts due to H. halys was very high; (3) the early cv (SG) in the absence
of insecticide treatments was more damaged than the late one (TR); (4) major damage
seems to be related, at least in Caserta, to an early attack of H. halys; (5) IPM treatments
should be necessarily linked to the use of traps and monitoring of fruit phenology to obtain
the maximum effectiveness.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/horticulturae9060727/s1, Figure S1: BMSB trap used in the trial;
Table S1: harvest date for San Giovanni and Tonda Romana.
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