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In recent years, a new phenomenon of early olive drop is causing production losses in olive groves throughout 
northern Italy. To analyze the possible causes, field and laboratory trials were performed to assess the involve-
ment of fungal pathogens and insect pests in this disease. External and internal symptoms of fungal infections 
or insect-feeding activities were researched. Fungi present in healthy and dislodged olives were investigated. 
The relationship between olives that fell and Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) infesta-
tion was assessed in a controlled infestation trial, and the effectiveness of an insecticidal strategy in reducing 
early olive drop was tested in open field conditions. A comparable number of fungi, mostly endophytes, were 
isolated and identified from both healthy and dislodged olives. The damage observed on dislodged olives 
was primarily ascribed to pentatomids feeding activity. Six stink bugs species were found in olive canopies, 
that is, the invasive H. halys, which was by far the most abundant, and Acrosternum heegeri Fieber, Nezara 
viridula (Linnaeus), Palomena prasina (Linnaeus), Piezodorus lituratus (Fabricious), and Rhaphigaster nebulosa 
(Poda). Halyomorpha halys caused intense fruit drop in the controlled infestation trial, and its infestation level 
significantly correlated with the number of olives that fell. Native stink bugs, present in much lower popula-
tion compared to H. halys, could also partially contribute to early drop of olives. Insect proof net significantly 
reduced the early olive drop disease, while insecticide applications only partially reduced the stink bugs popu-
lation density and, proportionally, early olive drop.

Key words: brown marmorated stink bug, fungal olive disease, Heteroptera feeding damage, integrated stink bug management

Introduction

Olive (Olea europaea Linnaeus, 1753) is a fruit tree native to Minor 
Asia and Syria and it is cultivated in Mediterranean countries, 
where over 95% of worldwide olives are produced (Bartolini and 
Petrucelli 2002, FAOStat 2022). Italy is the second producer world-
wide, with over 1 million ha of olive groves (ISTAT 2021, European 
Commission 2024).

Olive trees are subject to different abiotic and biotic factors that 
can affect the quantity and the quality of olive production, in par-
ticular from flowering to fruit harvest. Among abiotic issues, phys-
iological disorders and direct damage to both olive trees and fruits 
can be caused by multiple atmospheric and pedoclimatic conditions 
like high temperatures, drought, hailstorms, wind, pollutants, 
waterlogging, nutrient deficiency, as well as by other causes (Sanzani 

et al. 2012). On the other hand, also biotic factors may increase 
fruit losses or cause deterioration in quality and are mainly caused 
by insects and fungi. Considering insects, the 2 main olive pests are 
the olive fruit fly Bactrocera oleae (Rossi) (Diptera: Tephrytidae) 
(Daane and Johnson 2010) and the olive moth Prays oleae Bernard 
(Lepidoptera: Praydidae) (Ramos et al. 1998). Bactrocera oleae 
lays its eggs inside the fruits from stone hardening, and larvae de-
velop by feeding on the olive pulp. High B. oleae infestations may 
occur in autumn, during fruit maturity stages, when maximum daily 
temperature no longer exceeds 30–32 °C, preventing the develop-
ment of eggs and larvae, and the higher humidity enhances adult 
survival (Malheiro et al. 2015, Marchini et al. 2017). Similarly, P. 
oleae attacks olives at the beginning of summer, during fruit devel-
opment, with larvae penetrating the fruit to feed on its pulp. Once 
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mature—between Sep and Oct—larvae emerge from the fruit causing 
olive drop (Ramos et al. 1998).

Furthermore, intense fruit losses and decays are caused by fungal 
diseases such as the olive anthracnose (soft rot and mummification 
of olives caused by Colletotrichum species) (Cacciola et al. 2012, 
Talhinhas et al. 2018, Peres et al. 2021) and the Dalmatian disease 
(sunken, necrotic, and circular lesions caused by Botryosphaeria 
dothidea), which are strongly related to wounds made by the olive 
fruit fly in autumn and winter (Iannotta et al. 2007, Lazzizera et al. 
2008, Moral et al. 2010, 2019). Other minor fungal pathogens in 
olive groves are Alternaria alternata, Aspergillus spp., Fusarium spp., 
Penicillium spp., and Pseudocercospora cladosporioides that, simi-
larly to Colletotrichum spp. and B. dothidea, can cause olive decays 
especially late in the season—during fruit ripening—when relative 
humidity is high and damage by B. oleae is frequent (Angerosa et al. 
1999, Moral et al. 2008, Markakis et al. 2021).

In recent years, increased levels of olive drop have been reported 
in northern Italy (Zapponi et al. 2022, Linaldeddu et al. 2023). From 
field observations, fruit drop can be observed from Jun to early 
Aug, during fruit development (Linaldeddu et al. 2023). The occur-
rence of nonspecific symptoms has led to the formulation of var-
ious hypotheses to explain this disease, including fungal pathogens 
(Linaldeddu et al. 2020, 2023) and the feeding activity of a recently 
introduced pest, the brown marmorated stink bug Halyomorpha 
halys (Stål) (Hemiptera: Pentatomidae) (Zapponi et al. 2022, Daher 
et al. 2023). The latter has been shown to cause olive drop when con-
fined to fruiting branches at very high density, especially before stone 
hardening (Zapponi et al. 2022, Daher et al. 2023).

In this study, the role of fungi and insects in causing early olive 
drop was investigated. Healthy and dislodged olives sampled from 
numerous olive groves were examined to detect external and internal 
symptoms of fungal infections or insect-feeding activities. Fungi 
were isolated and identified, and the insect community in olive tree 
canopies was investigated. Furthermore, damage assessment caused 
by H. halys feeding activity at different infestation density under 
confined conditions was performed. Finally, the effectiveness of an 
insecticidal strategy in reducing early olive drop was investigated in 
open field conditions.

Materials and Methods

Study Area
Surveys and trials were conducted from 2021 to 2023 in up to 11 
olive groves located in Veneto region, northern Italy (Table 1). The 
area is located at the northern edge of olive tree distribution, and 
groves are patchily occurring in hilly areas or lakesides, intermixed 
with woods and vineyards. The olive groves ranged from 21 to 227 
m above sea level, had heterogeneous sizes (from 0.2 to 2 ha), and 
were characterized by the presence of local, national, and interna-
tional cultivars (Table 1) whose ages ranged from 8 to more than 50 
years. In all the olive groves, the ground cover was characterized by 
permanent grass that was periodically mowed during the 3 growing 
seasons. All were managed according to the integrated pest manage-
ment guidelines of the Veneto Region (2021, 2022, 2023). For each 
site, pesticide applications and other details are reported in Table 1.

As plant development over time can differ annually and across 
locations, the olive phenological stage was used in this research 
to determine the timing for each activity. Plant phenology was 
presented according to the phenological scale officially accepted 
by the European and Mediterranean Plant Protection Organization 
(EPPO), the BBCH (Biologische Bundesantstalt, Bundessortenamt, 
Chemische Industrie) scale (Sanz-Cortés et al. 2002). Ta
b
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Field Surveys of the Phytosanitary Status of Olives 
and of Heteroptera Community in Olive Canopies 
During the Early Drop Period
In 2021, a preliminary characterization of the phytosanitary status 
(as symptoms of fungal infections or insect feeding activities) was 
performed in 3 olive groves (G1, G6, and G8; Table 1). In total 540 
(200 olives each in G6 and G8, 140 in G1) dislodged olives (i.e., 
fruits detaching from plants when touched or by gently shaking 
branches) were collected in mid-Jul, when they were at BBCH 73–74 
(fruits between 30% and 40% of final size). Olives were stored at 
4 °C and analyzed within 24 h for both internal and external ne-
crosis or insect-borne damage under a stereomicroscope (Wild, 
Heerbrugg, Switzerland, model M3C, 6.4-40x), with the help of a 
surgical scalpel.

Based on the results obtained in 2021, the second-year surveys 
took place between 8th and 17th Jul 2022 (BBCH72-74, fruits be-
tween 20% and 40% of final size) in 11 olive groves (Table 1). The 
Heteroptera feeding activities on dislodged vs. healthy olives, the 
fungi colonizing olives, and the Heteroptera community in olive tree 
canopies, were investigated.

Heteroptera feeding activities were characterized by 10 dislodged 
and 10 healthy olives randomly picked from 10 plants (200 fruits 
per grove), regardless of the cultivar. Dislodged olives were sampled 
as described for the preliminary activity performed in 2021, while 
the healthy olives, consisting in fruits that were firmly attached to the 
branches, were manually picked. Olives were stored and inspected 
for Heteroptera feeding wounds as done in 2021. The presence of 
feeding activity was confirmed when the endosperm of the fruit was 
lacking, and by the presence of seed necrosis, pericarp whitening, 
and feeding wounds, often associated with visible salivary sheaths 
(Fig. 1B–G) (Panizzi 1997, Peiffer and Felton 2014).

Fungal community was investigated in 10 dislodged vs. 10 
healthy olives randomly collected from each of the 11 groves (220 
total olives). Olives were sterilized on their surface by dipping them 
in 70% ethanol for 10 s, washed thoroughly in sterile water, dried 
under a laminar flow hood, deprived of style residues, and cut in half 
with a sterile scalpel. Petioles, pericarps, and seeds were plated sep-
arately on 90 mm Petri dishes containing 10 ml of Potato Dextrose 
Agar (PDA, 39 g l−1, Difco Laboratories, Detroit, MI, USA), and 
incubated at 25°C for 2 wk. Grown fungal colonies were isolated 
and identified based on morphological features following Goidanich 
(1964) and Doveri (2013). In case the morphological identification 
was not straightforward, molecular identification of fungal isolates 
was carried out by extracting fungal DNA from fresh mycelia with 
the Dneasy Plant mini kit (Qiagen, Hilden, Germany). DNA was 
then used as a template in a PCR reaction with the universal primers 
ITS1 and ITS4 (White et al. 1990) to amplify the internal transcribed 
spacer regions of ribosomal DNA (ITS-rDNA). Amplicons were then 
purified and subjected to sequencing. The sequence of each isolate 
was compared to the available sequences in the GenBank database 
by using BLAST (http://blast.ncbi.nlm.nih.gov).

Heteroptera in canopies were investigated through direct col-
lection using a sweeping entomological net (Entosphinx, Pardubice, 
Czech Republic; ring diameter: 35 cm) between 1 and 3.5 m canopy 
height. Five sweepings were performed on the plant where dislodged 
and healthy olives were sampled and twenty on the surrounding 
plants, sampling 10 different points. A total of 250 sweeps per olive 
grove were carried out.

Damage Assessment of H. halys on Olives
To investigate the role of H. halys in olive early drop, trials took 
place in 7 groves (Table 1) during early fruit development (i.e., 

before hardening of the stone) and from late fruit development up 
to harvest maturity in 2022. In each grove, 4 treatments were tested: 
(i) branch with a single adult of H. halys confined (male or female, 
maintaining the sex ratio as close as possible to 50%); (ii) branch 
with 2 adults of H. halys confined (1 male and 1 female); (iii) branch 
with 4 adults of H. halys confined (2 males and 2 females); (iv) 
branch with no H. halys individuals confined.

For both early and late fruit development trials, insect infestation 
was managed by installing insect-proof net sleeves of 70 × 100 cm, 
mesh 0.8 mm, on fruiting branches of about 0.1 m3. The 4 treatments 
were arranged in 1 tree in each olive grove. In total, we set up 56 (2 
timing × 4 treatment × 7 sites) cages. Sleeves included at least 100 
fruits and were placed at the end of Jun (BBCH71-72, fruits between 
10% and 20% of final size). After that, the early fruit development 
experiment started on 14th Jul (BBCH73-74), while the late fruit 
development one on 2nd Sep (BBCH78-79, fruits between 80% and 
90% of final size). Halyomorpha halys individuals were left inside 
the sleeves for 3 days in the case of early fruit development and for a 
month in the late fruit development experiment. The long exposure 
time of olives to H. halys in the second experiment was made to 
simulate the potential continuous infestation, as often occurs in the 
field. Sleeves were inspected every 3 days for a 15-day period in the 
early fruit development experiment, and weekly until harvesting in 
the late fruit development one. In each sampling event, fallen olives 
were counted and analyzed searching for seed necrosis, stink bug 
feeding wounds, and other symptoms ascribed to H. halys presence. 
In the early fruit development experiment, sleeves presenting dead 
stink bugs (3 in total, 1 in the treatment with a single H. halys adult 
and 2 in the treatment with 2 H. halys individuals) were excluded 
from the trial. In the late fruit development experiment, the dead 
insects were just replaced at each checking of the sleeves.

Effectiveness of Insecticidal Strategy in Reducing 
Early Olive Drop and Stink Bug Population in Open 
Field Conditions
Field trials were performed in 2023 in 5 olive groves (Table 1). In 
each olive grove, 2 insecticide applications were performed during 
phenological phases sensitive to early olive drop—the first in mid-
Jun (BBCH69, fruit set) and the second at the end of Jun to the 
beginning of Jul (BBCH72), with a 15-day interval between them.

As insecticides, deltamethrin and acetamiprid were applied, con-
sidering their registration on olive groves (Veneto Region 2023) and 
their efficacy against H. halys (Leskey et al. 2012, Bergmann and 
Raupp 2014, Kuhar and Kamminga 2017, Preti et al. 2018). Selected 
commercial formulations were Decis® EVO (Bayer, Leverkusen, 
Germany), applied at 0.7 L ha−1 (17.5 g ha−1 of active substance) for 
the first application, and Epik® SL (SIPCAM OXON, Lodi, Italy), 
applied at 1.5 L ha−1 (75 g ha−1 of active substance) for the second 
one. Application volume was equivalent to 800 L ha−1. As negative 
control, at least 25 trees of each olive grove were left unsprayed. 
Physical exclusion of stink bugs by using insect-proof net sleeves of 
70 × 100 cm (mesh 0.8 mm) was also included as positive control 
within the sprayed and unsprayed plots, to assess the early olive drop 
in complete absence of stink bugs. During the insect-proof caging 
period, the protected branches were carefully inspected to remove 
the new-born or unseen pentatomids possibly present. It should be 
underlined that the use of cages was considered as positive control 
because none of the insecticides can ensure a complete and lasting 
elimination of stink bugs (Kuhar and Kamminga 2017, Preti et al. 
2018).

Olive drop was monitored by periodically counting the olives 
remaining in the selected fruiting branches on 4 plants per plot (8 
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per grove). On each plant, drupes were counted and monitored in 2 
adjacent branches of about 0.15 m3, one protected and one unpro-
tected by insect-proof net. To skip most of ovary and fruit abscission 
directly related to fruit set (Rallo and Fernández-Escobar 1985) and 
to cover the entire period of early drop of olives (Linaldeddu et al. 
2023), sampling was performed from BBCH71 (about 20 days after 

full bloom) to BBCH79 every 11 ± 4.5 days (mean ± SD), for a total 
of 7 samplings.

Moreover, infestation of H. halys and other stink bug species was 
assessed before the 1st insecticide application and then from BBCH71 
to BBCH79, concurrently with olive drop quantification. For each 
plot, ten replicates of 10 sweeps (200 total sweeps per grove) were 

Fig. 1. (A, B) External symptoms of the early olive drop disease; (C) olive with healthy seed; (D) olive with necrotic seed emptied of its endosperm; (E) 
Halyomorpha halys feeding mark on the olive pulp; (F) effect of H. halys feeding activity on the internal membrane of endocarp; (G) seed necrosis caused by H. 
halys; (H, I) salivary sheaths on olives. Arrows indicate H. halys feeding wounds.
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carried out on olive canopies with an entomological sweeping net, 
with the methodology described before.

Data Analysis
Data analysis was performed with R software (R Core Team 2020). 
Effects of health status (dislodged vs. healthy), fruit part (seed, peri-
carp, and petiole), and their interaction were explored on fungal col-
onies (presence/absence) that emerged from olives with generalized 
linear mixed models (GLMMs) with a binomial distribution (logit 
link-function). All the explanatory variables were included in the 
models as categorical variables. Olive grove identity was included 
as a random factor. The analysis was performed using the ‘lme4’ 
package (Bates et al. 2017). Overdispersion and residual distribution 
were checked using the ‘DHARMa’ package (Hartig 2017). Pairwise 
comparisons were performed using adjusted P-values (Tukey 
method) using the ‘emmeans’ package (Lenth et al. 2020).

Effects of feeding of H. halys in the damage assessment trials, 
as well as in the open field trial with treatments (sprayed vs. un-
sprayed vs. protected by net), were explored on olives dropped over 
time with marginal Cox survival models using the ‘survival’ package 
(Therneau 2022). Robust standard errors were applied to account 
for possible intra-cluster dependence due to the different tree 
branches (Therneau and Grambsch 2000, Martinussen and Scheike 
2007). The dependent variable was the time until the drop of each 
olive. All the explanatory variables (number of stink bugs, phytosan-
itary applications, physical exclusion) were included as categorical 
variables, while tree branches were included as cluster factors. The 
Kaplan–Meier method was used to produce estimates and plots for 
olive drops. The Cox model was validated by checking the propor-
tional hazard assumptions with a Schoenfeld residual analysis (Klein 
and Moeschberger 2006). Pairwise comparisons between treatments 
were performed by adjusted P-values (Tukey method) using the 
‘emmeans’ package (Lenth et al. 2020). In damage assessment of 
H. halys, correlation tests between dislodged olives and stink bugs 
that were caged in each sleeve were also performed by using the 
‘Spearman’ method.

Effects of insecticide applications (sprayed vs. unsprayed), olive 
drop over time, and their interaction were explored on overall 
Heteroptera and H. halys infestations. Linear mixed models (lme) 
using the ‘nlme’ package (Pinheiro et al. 2023) were employed. 
Insecticide application and a number of olives dropped between 
each sampling date were included in the model as categorical and 

continuous variables, respectively. Olive grove identity was included 
as a random factor. Residual distribution was assessed using the ‘car’ 
package (Fox and Weisberg 2019).

Results

Field Surveys of the Phytosanitary Status of Olives 
and of Heteroptera Community in Olive Canopies 
During the Early Drop Period
In 2021, all 3 investigated olive groves showed evidence of an 
early drop of olives. External browning and necrosis (Fig. 1A and 
B) were found on 41.9 ± 28.5% (mean ± SD) of dislodged olives, 
while the remaining ones had just some minor wilting or a slightly 
yellowish-green color. Once cut in half, Heteroptera feeding wounds 
associated with seed necrosis and lack of endosperm were found in 
80.9 ± 5.5% of olives, while on 7.4 ± 4.8% of them, no symptoms 
were detected either inside or externally. External browning, ne-
crosis, and Heteroptera feeding were found in all the 3 olive groves.

In 2022, 9 out of 11 investigated olive groves showed evidence 
of early drop of fruits (Table 2). In groves where the abnormal olive 
drop was detected, dislodged fruits exhibited symptoms on their sur-
face, ranging from a slightly paler color compared to healthy ones to 
severe water loss and extensive pericarp that turned brown. Necrotic 
seeds without endosperm, endocarp whitening, and Heteroptera 
feeding wounds were found in 77.3 ± 17.5% of the olives. Healthy 
olives (those that were firmly attached to the branches) generally 
appeared green and turgid, with a translucent and gelatinous endo-
sperm (Fig. 1C), and only 5.8 ± 9.3% of them presented symptoms 
of Heteroptera feeding activities (Table 2).

Overall, fungal colonies emerged from 2.7 ± 3.4% of seeds, 
7.7 ± 7.2% of pericarps, and 42.7 ± 20.5% of petioles (Table 3), 
with no statistical difference between healthy and fallen olives 
(χ2 = 0.652, df = 1, P = 0.420). Isolation rates from petioles are sta-
tistically higher than those from seeds and pericarps (χ2 = 98.918, 
df = 2, P < 0.001). Pairwise comparisons are reported in Table 4. 
Interaction between fruit tissue and health status was not signifi-
cant (χ2 = 0.676, df = 2, P = 0.713). The most common fungi were 
Alternaria spp. (45 colonies, 26 from dislodged olives and 19 from 
healthy ones), Aureobasidium spp. (37 colonies, 21 from dislodged 
olives and 16 from healthy ones), and Phoma fungicola (15 colonies, 
5 from dislodged olives, and 10 from healthy ones). Other fungal 
species were less common (Table 3).

Table 2. Heteroptera feeding activities and stink bug community surveys performed in 2022 in 11 olive groves during early fruit develop-
ment (pre-hardening of the stone) period

Code

Stink bugs Seed necrosis with feeding mark

H.h. N.v. P.l. P.p. R.n. Healthy olives (%) Dislodged olives (%)

G1 2 0 7 0 3 0 44
G5 24 0 0 0 4 20 92
G6 7 0 0 0 0 0 86
G7 38 4 0 0 0 24 96
G8 13 1 1 4 6 1 55
G9 1 0 0 0 0 0 No olive fall
G10 10 3 0 1 0 1 84
G11 8 0 1 1 2 2 78
G12 9 0 0 4 4 1 89
G13 0 1 0 2 0 0 No olive fall
G14 11 0 0 0 5 3 72

H.h.: Halyomorpha halys; N.v.: Nezara viridula; P.l.: Piezodorus lituratus; P.p.: Palomena prasina; R.n.: Rhaphigaster nebulosa.
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From sweepings, 5 species of Heteroptera were found:  
H. halys, Nezara viridula (Linnaeus), Palomena prasina (Linnaeus), 
Piezodorus lituratus (Fabricious), and Rhaphigaster nebulosa (Poda) 
(Pentatomidae). The most abundant species was H. halys, which was 
found in all the 9 olive groves where early olive drop was detected 
(Table 2).

Damage Assessment of H. halys on Olives
In the early fruit development experiment, before stink bug caging, 
the average number (± SD) of olives per sleeve was 155.8 ± 46.9. 
Olive drop in the H. halys infested sleeves was significantly higher 
compared to control (χ2 = 135.890, df = 3, P < 0.001; Fig. 2, Table 5) 
and correlated to infestation density (r = 0.91, P < 0.001). Pairwise 
comparisons are reported in Table 5. Wounds ascribed to stink bug 
feeding activities were present in 93% of the olives that fell (Table 
5). The highest percentage of olive drop was 77.8%, attained with 
4 H. halys adults.

In the late fruit development experiment, H. halys was not able 
to affect olive drop. Starting from 159.4 ± 51.3 olives per sleeve, 
dropped fruits in sleeves with 0, 1, 2, or 4 H. halys were respectively 
1 ± 1.15, 0.71 ± 1.11, 0.43 ± 0.79, and 0.57 ± 0.79 (χ2 = 1.774, 
df = 3, P = 0.621). No necrosis or rots were found on the surface 
of infested olives. However, feeding wounds were often visible, con-
firmed by the presence of numerous salivary sheaths (Fig. 1H and I).

Effectiveness of Insecticidal Strategy in Reducing 
Early Olive Drop and Stink Bug Population in Open 
Field Conditions
The early drop of olives was evaluated on a total of 10,048 drupes 
(132.21 ± 33.14 olives per branch, 2,009.60 ± 418.16 per grove). 
Over 98% of dropped olives fell within BBCH75 (fruits about 50% 
of final size, stone becomes lignified). Overall, 634 Heteroptera 
belonging to 6 species of stink bugs (Pentatomidae) were found, 
namely H. halys (559 specimens), N. viridula (49), R. nebulosa (20), 

P. prasina (4), Acrosternum heegeri Fieber (1), and P. lituratus (1). 
The assessment of Heteroptera infestation before the first insecticide 
application showed similar population density between the plots in 
each grove (total infestation χ2 = 0.081, df = 1, P = 0.776; H. halys 
infestation χ2 = 0.170, df = 1, P = 0.68) (Fig. 3).

In early fruit development, insecticide applications significantly 
reduced percentage of olives dropped from 74.84 ± 29.68% to 
45.03 ± 30.13%, and stink bugs infestation from 9.48 ± 5.94 to 
3.4 ± 2.86 stink bugs compared to unsprayed plots (Figs. 3 and 4, 
Table 6). Physical exclusion limited olive drop to 25.94 ± 13.67% 
(Fig. 4).

From BBCH71 to 75, a positive influence of stink bugs on early 
olive drop occurring outside net sleeves were found, both consid-
ering all the species together (marginal pseudo-R2 = 0.45, conditional 
pseudo-R2 = 0.71) and H. halys alone (marginal pseudo-R2 = 0.39, 
conditional pseudo-R2 = 0.70) (Fig. 5, Table 6).

Table 3. Fungi emerged from seeds, pericarps, and petioles of dislodged and healthy olives collected from 11 olive groves during early fruit 
development (pre-hardening of the stone) period.

Fungi

Seed Pericarp Petiole

TotalDislodged Healthy Dislodged Healthy Dislodged Healthy

Alternaria spp. 1 0 4 2 21 17 45
Aureobasidium spp. 3 2 3 3 15 11 37
Phoma fungicola 0 0 1 2 4 8 15
Nigrospora oryzae 0 0 0 0 2 3 5
Chaetomium spp. 0 0 0 0 2 2 4
Epicoccum nigrum 0 0 2 1 0 1 4
Sordaria spp. 0 0 0 0 1 2 3
Others 0 0 0 0 10 5 15
Total 4 2 10 8 55 49 128
Isolation rate 4/110 2/110 10/110 7/110 48/110 46/110 117/660

Table 4. Pairwise comparison between health status (healthy or dislodged) and olive tissue (seed, pericarp, or petiole) on the isolation rate 
of fungi. The interaction term was removed since not significant (P > 0.05).

Estimate (logit) SE Lower CI (95%) Upper CI (95%) Group

Health status Healthy −2.40 0.314 −3.02 −1.79 a
Dislodged −2.01 0.256 −2.51 −1.51 a

Fruit tissue Seed −3.732 0.463 −4.64 −2.8249 a
Pericarp −2.583 0.296 −3.16 −2.0026 a
Petiole −0.306 0.196 −0.69 0.0774 b

Fig. 2. Olive drop occurring in the sleeves containing 0, 1, 2, or 4 Halyomorpha 
halys adults (7 replicates per treatment) in early fruit development (pre-
hardening of the stone). Different letters indicate statistical difference 
between treatments (P = 0.05).
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Discussion

The role of fungi and insects in the early olive drop disease, recently 
observed in olive groves located in northern Italy, was investigated. 
From field surveys, few fungal colonies were isolated from necro-
tizing seeds and dislodged olives, whilst more colonies evaded from 
the petioles probably because of the presence of latent fungi in the 
abscission wounds of flowers. The most frequently isolated fungi 
(i.e., Alternaria spp., Aureobasidium spp., and Phoma fungicola) 
are common endophytes (Nicoletti et al. 2020, Poveda and Baptista 
2021). Although some Alternaria species can act as pathogens (Moral 
et al. 2008, Alam and Munis 2019), in our surveys Alternaria spp. 
were isolated from both healthy and dislodged olives, suggesting that 
they are not involved in olive drop. This can also be confirmed by 
the low isolation rates from seeds and pericarps, which have to be 
combined with the endophytic behavior of the identified fungi.

Stink bug-feeding wounds, seed necrosis, and lack of endosperm 
were observed in about 80% of dislodged olives and 6% of healthy 
ones, thus showing the existence of an association between olive 
drop and seed damages by insect feeding. The observed symptoms 
are typical of Heteroptera insects, piercing-sucking insects capable 

of feeding through the flesh of the fruit and reaching the seed with 
the mouthparts (Schaefer and Panizzi 2000). A total of 6 phytoph-
agous Pentatomidae species were collected from olive canopies, 
namely A. heegeri, H. halys, N. viridula, P. prasina, P. lituratus, and 
R. nebulosa. The predominant species was H. halys. This invasive 
pest is known to feed on fruits (Acebes-Doria et al. 2016, Costi et 
al. 2017, Moore et al. 2019) and seeds (Hedstrom et al. 2014, Lara 
et al. 2017, Rijal and Gyawaly 2018), causing abortion, early fruit 
drop and decreased yield.

Damage assessment of H. halys in early and late fruit develop-
ment showed that this pest can cause olive drop only in early fruit 
development. The number of dislodged olives per stink bug tended 
to decrease by increasing H. halys infestation and it was about 60 
per week with a single insect, 55 with 2 insects and 47 with 4 insects. 
Maximum overall damage was achieved by a single male, which 
fed from 47 olives in 3 days (110 per week). The result is coherent 
with what was found by Daher et al. (2023) in the local olive cul-
tivar Moraiolo, even if the number of dropped olives we recorded 
was higher. This may indicate a partial resistance of cv. Moraiolo 
to early olive drop, as well as a less susceptibility to fruit drop near 

Table 5. Number of dropped olives in the sleeves containing 0, 1, 2, or 4 adults of Halyomorpha halys and their pairwise comparisons in 
the early fruit development (pre-hardening of the stone) period.

N° H. halys Olives Dislodged olives

Total With feeding mark W/o feeding mark

0 157.43 ± 47.19 3.14 ± 2.73 0.71 ± 1.11 2.43 ± 1.99
1 144.00 ± 53.77 29.33 ± 16.45 26.33 ± 14.90 3.00 ± 2.19
2 154.20 ± 44.02 51.60 ± 31.63 48.20 ± 29.35 3.40 ± 3.05
4 165.29 ± 51.09 87.29 ± 32.63 84.00 ± 30.76 3.29 ± 2.29

N° H. halys Estimate (log) SE Lower CI (95%) Upper CI (95%) Group

0 0 0 0 0 a
1 2.43 0.452 1.55 3.32 b
2 3.02 0.34 2.36 3.69 bc
4 3.6 0.346 2.92 4.28 c

Fig. 3. Number of stink bugs and Halyomorpha halys individuals found over time in plots sprayed and unsprayed with insecticides (mean of 5 olive groves). 
Insecticide applications were performed right after the first (BBCH69) and the third (BBCH72) sampling.
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the stone hardening stage. In fact, Daher et al. studies were carried 
out 2 wks later than our trials, close to stone hardening, probably 
underestimating the damage caused by H. halys. In early fruit devel-
opment, symptoms on olives were consistent with those we found in 
the field and those observed by Zapponi et al. (2022), with external 
browning, necrosis, wilting or yellowish green color, internal seed 
necrosis and lack of endosperm. In addition to Zapponi et al. (2022) 
and Daher et al. (2023), the present study has demonstrated that 
early olive drop is proportional to the infestation level of H. halys. 
Notably, olive drop resulted very intense even at the lowest of tested 
H. halys infestation levels, possibly showing a relationship with the 
relatively low stink bugs population that can be observed in olive 
groves. Despite the olive drop being correlated to infestation density, 
olive drop per stink bug slightly decreased by increasing H. halys 
infestation, from 60 olives per week that fell with one adult to 49 
olives per adult with 4 caged insects. This result might be caused by 
an insufficient number of fruits initially present on branches. With a 
damage of 60 olives per week, each H. halys adult would be able to 
drop over 300 olives from fruit set to the beginning of stone hard-
ening (~5–6-wk period), corresponding to over 600 g at harvest con-
sidering the average weight of olives of local cultivars (Bassi 2003). 
The maximum fruit drop caused by a single stink bug was 47 olives 
in 3 days, corresponding to 110 olives per week and to over 1 kg 
of potential yield loss at harvest. Even if H. halys infestation does 
not affect the olive drop after stone hardening, its feeding activities 
reduce organoleptic quality of olive oil (Ivancic et al. 2022, Daher 
et al. 2023).

Field studies carried out in 2023 confirmed the results obtained in 
previous years. Among Heteroptera, only stink bugs were observed 
in olive canopies, with H. halys as the prevalent species (almost 90% 
of total stink bugs specimens). Despite stink bugs in both early and 

late fruit development, over 98% of abnormal olive drop occurred 
before the hardening of the stone, supporting the results obtained 
from damage assessment trials and indicating that the phenological 
stage plays a key role in the susceptibility to the disease. Overall, 
the number of olives that fell before the hardening of the stone was 
linked to stink bug population density, thus confirming their role 
in the abnormal early olive drop. With its high damage potential, 
greater population compared to native stink bugs, and its significant 
influence on olive drop when considered alone, H. halys is likely to 
be the main cause of increased fruit drop. Despite this, a contribu-
tion of other stink bugs on the early olive drop is extremely plau-
sible, as N. viridula and A. heegeri are already reported as harmful 
to olive (Özgen et al. 2005, Kaul et al. 2007) and P. lituratus and P. 
prasina are able to cause seed damages and premature fruit drop 
(Saruhan and Tuncer 2010, Mutlu et al. 2018). Due to the low pop-
ulation of these insects in olive canopies, the early drop of olives 
caused by them might have always been confused with natural fruit 
drop. Since the establishment and population growth of H. halys, the 
scenario may have changed, with infestation densities high enough 
to impact the olive production, leading to substantial yield losses in 
olive groves. One might speculate on the connection between the 
occurrence of H. halys infestations in northern Italy—since at least 
2012 (Maistrello et al. 2014)—and the subsequent emergence and 
escalation of the early olive drop disease. This phenomenon could be 
linked to the increased size of the pest population in olive-growing 
areas (Bariselli et al. 2016), but the correlation should be confirmed 
by ad hoc studies.

Notably, in southern Italy the early olive drop does not seem to 
be as relevant, despite the reported presence of H. halys (Cianferoni 
et al. 2018). This could be related to the low or negligible population 
density of brown marmorated stink bugs in these areas, due for in-
stance to abiotic factors like temperature and relative humidity and 
to the landscape composition and available host plants (Laterza et 
al. 2022, 2023, Tamburini et al. 2023). Halyomorpha halys survival 
is indeed reduced by prolonged periods of temperatures above 30 
°C, and by relative humidity below 40% (Haye et al. 2014, Scaccini 
et al. 2019, Khadka et al. 2020, Stahl et al. 2021). Therefore, the 
climate characterized by dry summers, typical of southern but not 
northern Italy (Beck et al. 2023), could provide unsuitable habitats 
for the brown stink bug, keeping its population below the damage 
threshold.

Insecticide applications only partially reduced stink bugs pop-
ulation density, leading to a proportional reduction in early olive 
drop. Physical exclusion of stink bugs outperformed insecticide 
applications, suggesting that the currently available control meas-
ures based on pesticide applications need to be improved. It should 
be underlined that the olive drop occurring inside the sleeves was 
probably due to a natural drop thinning phenomenon, which nor-
mally proceeds until about 35–45 days after full bloom (BBCH72-
74) (Rallo and Fernández-Escobar 1985), and to the influence of 
abiotic factors (Sanzani et al. 2012).

Fig. 4. Olive drop over time in the insecticide application trials performed in 
5 olive groves. The effect of olive drop of physical exclusion was included 
as a positive control. Different letters indicate statistical differences between 
treatments (P = 0.05).

Table 6. Results from linear mixed-effect models testing insecticide applications and dropped olives against the number of Halyomorpha 
halys and total stink bug individuals found during the early fruit development (pre-hardening of the stone) period. The interaction term 
was removed since not significant (P > 0.05)

Factors Estimate SE df t-value P-value

H. halys Sprayed (vs. unsprayed) −5.384426 2.1825903 8 −2.466989 0.0389 *
Dropped olives 0.014433 0.0048859 29 2.954031 0.0062 **

Stink bugs Sprayed (vs. unsprayed) −5.842248 2.3562068 8 −2.479514 0.0381 *
Dropped olives 0.024801 0.0057072 29 4.345482 0.0002 ***
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In conclusion, this study highlights the role of stink bugs, and of 
H. halys in particular, in the early drop of olives disease. Considering 
the high damage potential of the brown marmorated stink bug, fu-
ture research on its management is needed to efficiently reduce the 
early drop of olives and limit yield loss in susceptible areas, such as 
northern Italy. In particular, it would be desirable to develop new 
sustainable strategies to counteract H. halys.

Acknowledgments

We are grateful to the farmers who allowed us to carry out the sam-
pling and the trials in their olive groves.

Funding

This study was carried out within the Agritech National Research 
Center and received funding from the European Union Next-
GenerationEU (PIANO NAZIONALE DI RIPRESA E RESILIENZA 
(PNRR) – MISSIONE 4 COMPONENTE 2, INVESTIMENTO 1.4 
– D.D. 1032 17/06/2022, CN00000022). This manuscript reflects 
only the authors’ views and opinions, neither the European Union 
nor the European Commission can be considered responsible for 
them.

Author Contributions

Francesco Sanna (Conceptualization [Equal], Data curation [Equal], 
Formal analysis [Equal], Investigation [Equal], Methodology [Equal], 
Writing—original draft [Equal]), Nicola Mori (Conceptualization 
[Equal], Project administration [Equal], Supervision [Equal], 
Writing—review & editing [Equal]), Giacomo Santoiemma (Formal 
analysis [Equal], Validation [Equal], Writing—review & editing 
[Equal]), Alberto Pozzebon (Methodology [Equal], Writing—re-
view & editing [Equal]), Davide Scaccini (Methodology [Equal], 
Writing—review & editing [Equal]), Federico Marangoni (Data 
curation [Equal], Investigation [Equal], Writing—review & editing 
[Equal]), and Luca Sella (Conceptualization [Equal], Funding acqui-
sition [Equal], Methodology [Equal], Project administration [Equal], 

Resources [Equal], Supervision [Equal], Writing—review & editing 
[Equal])

Data Availability

The datasets generated and/or analyzed during the current study are 
available from the corresponding author upon reasonable request.

References
Acebes-Doria AL, Leskey TC, Bergh JC. Injury to apples and peaches at har-

vest from feeding by Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) 
nymphs early and late in the season. Crop Prot. 2016:89:58–65. https://
doi.org/10.1016/j.cropro.2016.06.022

Alam T, Munis MFH. Alternaria alternata causing leaf and fruit spot of olive 
in Pakistan. Plant Dis. 2019:103(4):762–762. https://doi.org/10.1094/
pdis-08-18-1448-pdn

Angerosa F, Lanza B, D’Alessandro N, Marsilio V, Cumitini S. Olive oil off-
odour compounds produced by Aspergillus and Penicillium. Acta Hortic. 
1999:474:695–700. https://doi.org/10.17660/actahortic.1999.474.144

Bariselli M, Bugiani R, Maistrello L. Distribution and damage caused by 
Halyomorpha halys in Italy. EPPO Bulletin 2016:46(2):332–334. https://
doi.org/10.1111/epp.12289

Bartolini G, Petrucelli R. Classification, origin, diffusion and history of the 
olive. Rome (Italy): FAO; 2002. p. 86.

Bassi D. Il germoplasma dell’olivo in Lombardia: descrizione varietale e 
caratteristiche degli oli. Milano (Italy): Regione Lombardia; 2003. p. 88.

Bates D, Maechler M, Bolker B. Lme4: linear mixed-effects models using 
‘Eigen’ and S4. R package version 1.1-15. 2017. https://CRAN.R-project.
org/package=lme4.

Beck HE, McVicar TR, Vergopolan N, Berg A, Lutsko NJ, Dufour A, Zeng 
Z, Jiang X, van Dijk AIJM, Miralles DG. High-resolution (1 km) 
Köppen-Geiger maps for 1901–2099 based on constrained CMIP6 
projections. Sci Data. 2023:10(1):724. https://doi.org/10.1038/
s41597-023-02549-6

Bergmann EJ, Raupp MJ. Efficacies of common ready to use insecticides 
against Halyomorpha halys (Hemiptera: Pentatomidae). Fla Entomol. 
2014:97(2):791–800. https://doi.org/10.1653/024.097.0262

Cacciola SO, Faedda R, Sinatra F, Agosteo GE, Schena L, Frisullo S, Magnano 
di San Lio G. Olive anthracnose. J Plant Pathol. 2012:94(1):29–44. https://
doi.org/10.4454/JPPFA2011001 

Fig. 5. Olives dropped in response to the number of total stink bugs and Halyomorpha halys individuals (data from 5 samplings performed periodically from 
BBCH71 to BBCH75 in 5 olive groves). Model estimate (blue line) and 95% confidence interval (light blue shading) are included.

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/article/117/4/1336/7693042 by Biblioteca D

ipartim
ento di Scienze Econom

iche user on 24 Septem
ber 2024

https://doi.org/10.1016/j.cropro.2016.06.022
https://doi.org/10.1016/j.cropro.2016.06.022
https://doi.org/10.1094/pdis-08-18-1448-pdn
https://doi.org/10.1094/pdis-08-18-1448-pdn
https://doi.org/10.17660/actahortic.1999.474.144
https://doi.org/10.1111/epp.12289
https://doi.org/10.1111/epp.12289
https://CRAN.R-project.org/package=lme4
https://CRAN.R-project.org/package=lme4
https://doi.org/10.1038/s41597-023-02549-6
https://doi.org/10.1038/s41597-023-02549-6
https://doi.org/10.1653/024.097.0262
https://doi.org/10.4454/JPPFA2011001
https://doi.org/10.4454/JPPFA2011001


1345Journal of Economic Entomology, 2024, Vol. 117, No. 4

Cianferoni F, Graziani F, Dioli P, Ceccolini F. Review of the occurrence of 
Halyomorpha halys (Hemiptera: Heteroptera: Pentatomidae) in Italy, 
with an update of its European and World distribution. Biologia. 
2018:73(6):599–607. https://doi.org/10.2478/s11756-018-0067-9

Costi E, Haye T, Maistrello L. Biological parameters of the invasive brown 
marmorated stink bug, Halyomorpha halys, in southern Europe. J Pest 
Sci. 2017:90(4):1059–1067. https://doi.org/10.1007/s10340-017-0899-z

Daane KM, Johnson MW. Olive fruit fly: managing an ancient pest in modern 
times. Annu Rev Entomol. 2010:55:151–169. https://doi.org/10.1146/
annurev.ento.54.110807.090553

Daher E, Chierici E, Urbani S, Cinosi N, Rondoni G, Servili M, Famiani 
F, Conti E. Characterization of olive fruit damage Induced by invasive 
Halyomorpha halys. Insects. 2023:14(11):848. https://doi.org/10.3390/
insects14110848

Doveri F. An additional update on the genus Chaetomium with descriptions of 
two coprophilous species, new to Italy. Mycosphere. 2013:4(4):820–846. 
https://doi.org/10.5943/mycosphere/4/4/17

European Commission. Olive oil production. Directorate-General for 
Agriculture and Rural Development. 2024 [accessed 4 June 2024]. 
https: / /agridata.ec.europa.eu/extensions/DashboardOliveOil/
OliveOilProduction.html.

FAOStat. Crops and livestock products (olive oil and olives). 2022 [accessed 
6 December 2022]. https://www.fao.org/faostat/en/#data/QCL/visualize.

Fox J, Weisberg S. An R companion to applied regression. 3rd edition. Sage: 
Thousand Oaks CA; 2019. https://socialsciences.mcmaster.ca/jfox/Books/
Companion/.

Goidanich G. Manuale di patologia vegetale. Vol. 1, 2. Bologna (Italy): 
Edizioni Agricole; 1964. p. 1283.

Hartig F. DHARMa: residual diagnostics for hierarchical (multi-level/ mixed) 
regression models. R package version 0.1.5. 2017. https://CRAN.R-
project.org/package=DHARMa.

Haye T, Abdallah S, Gariepy T, Wyniger D. Phenology, life table analysis and 
temperature requirements of the invasive brown marmorated stink bug, 
Halyomorpha halys, in Europe. J Pest Sci. 2014:87(3):407–418. https://
doi.org/10.1007/s10340-014-0560-z

Hedstrom CS, Shearer PW, Miller JC, Walton VM. The effects of kernel 
feeding by Halyomorpha halys (Hemiptera: Pentatomidae) on commer-
cial hazelnuts. J Econ Entomol. 2014:107(5):1858–1865. https://doi.
org/10.1603/EC14263

Iannotta N, Noce ME, Ripa V, Scalercio S, Vizzarri V. Assessment of sus-
ceptibility of olive cultivars to the Bactrocera oleae (Gmelin, 1790) and 
Camarosporium dalmaticum (Thüm.) Zachos and Tzav.-Klon. attacks in 
Calabria (Southern Italy). J Environ Sci Health B. 2007:42(7):789–793. 
https://doi.org/10.1080/03601230701551426

ISTAT. Coltivazioni: uva, vino, olive, olio. 2021 [accessed 6 December 2022]. 
http://dati.istat.it/Index.aspx?QueryId=33706.

Ivancic T, Grohar MC, Jakopic J, Veberic R, Hudina M. Effect of brown 
marmorated stink bug (Halyomorpha halys Stål.) infestation on the phe-
nolic response and quality of olive fruits (Olea europaea L.). Agronomy 
2022:12(9):2200. https://doi.org/10.3390/agronomy12092200

Kaul V, Tiku AK, Shankar U, Monobrullah M. Green stink bug (Hemiptera: 
Pentatomidae) recorded as a new pest of olive in India. J Asia-Pac Entomol. 
2007:10(1):81–83. https://doi.org/10.1016/s1226-8615(08)60335-0

Khadka A, Hodges AC, Leppla NC, Tillman PG. The effects of relative hu-
midity on Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) egg hatch, 
nymph survival, and adult reproduction. Fla Entomol. 2020:103(1):136–
138. https://doi.org/10.1653/024.103.0424

Klein JP, Moeschberger ML. Survival analysis: techniques for censored and 
truncated data. In: Gail M, Samet JM, editors. Statistics for biology and 
health. New York: Springer; 2006. p. 536.

Kuhar TP, Kamminga K. Review of the chemical control research on 
Halyomorpha halys in the USA. J Pest Sci. 2017:90(4):1021–1031. https://
doi.org/10.1007/s10340-017-0859-7

Lara JR, Kamiyama MT, Hernandez G, Nay J, Hoddle MS, Gao Y. Assessment 
of feeding acceptance and injury of Kerman pistachios, Pistacia vera, by 
brown marmorated stink bug (Hemiptera: Pentatomidae). J Insect Sci. 
2017:17(5):106. https://doi.org/10.1093/jisesa/iex084

Laterza I, Sabree ZL, Martinez-Sañudo I, Scaccini D, Pozzebon A, Cornara 
D, Lillo E. de, Tamburini G. Halyomorpha halys in Mediterranean areas: 
local and landscape predictors, genetic diversity, and potential biological 
control. Entomol Gen. 2023:43(5):981–990. https://doi.org/10.1127/
entomologia/2023/2032

Laterza I, Tamburini G, Panzarino O, Loverre P, Mastronardi MG, Dioli P, 
De Lillo E. The first annotated checklist of Pentatomoidea (Hemiptera: 
Heteroptera) fauna of Alta Murgia National Park (Apulia region, Southern 
Italy). Zootaxa 2022:5219(5):401–420. https://doi.org/10.11646/
zootaxa.5219.5.1

Lazzizera C, Frisullo S, Alves A, Phillips ALJ. Morphology, phylogeny and 
pathogenicity of Botryosphaeria and Neofusicoccum species associated 
with drupe rot of olives in southern Italy. Plant Pathol. 2008:57(5):948–
956. https://doi.org/10.1111/j.1365-3059.2008.01842.x

Lenth RV, Buerkner P, Herve M, Love J, Riebl H, Singmann H. Emmeans: 
estimated marginal means, aka least-squares means. R package version 
1.5.3. 2020. https://CRAN.R-project.org/package=emmeans.

Leskey TC, Lee DH, Short BD, Wright SE. Impact of insecticides on the in-
vasive Halyomorpha halys (Hemiptera: Pentatomidae): analysis of in-
secticide lethality. J Econ Entomol. 2012:105(5):1726–1735. https://doi.
org/10.1603/ec12096

Linaldeddu BT, Bregant C, Montecchio L, Favaron F, Sella L. First report of 
Phytophthora acerina, P. pini, and P. plurivora causing root rot and sudden 
death of olive trees in Italy. Plant Dis. 2020:104(3):996–996. https://doi.
org/10.1094/pdis-10-19-2080-pdn

Linaldeddu BT, Rossetto G, Maddau L, Vatrano T, Bregant C. Diversity and 
pathogenicity of Botryosphaeriaceae and Phytophthora species associated 
with emerging olive diseases in Italy. Agriculture 2023:13(8):1575. https://
doi.org/10.3390/agriculture13081575

Maistrello L, Dioli P, Vaccari G, Nannini R, Bortolotti P, Caruso S, Costi E, 
Montermini A, Casoli L, Bariselli M. First records in Italy of the Asian 
stinkbug Halyomorpha halys, a new threat for fruit crops. Atti Gior 
Fitopatolog. 2014:1:283–288.

Malheiro R, Casal S, Baptista P, Pereira JA. A review of Bactrocera oleae 
(Rossi) impact in olive products: from the tree to the table. Trends Food Sci 
Technol. 2015:44(2):226–242. https://doi.org/10.1016/j.tifs.2015.04.009

Marchini D, Petacchi R, Marchi S. Bactrocera oleae reproductive biology: new 
evidence on wintering wild populations in olive groves of Tuscany (Italy). 
Bull Insectol 2017:70(1):121–128.

Markakis EA, Roditakis EN, Kalantzakis GS, Chatzaki A, Soultatos SK, 
Stavrakaki M, Tavlaki GI, Koubouris GC, Bagkis N, Goumas DE. 
Characterization of fungi associated with olive fruit rot and olive oil deg-
radation in crete, southern Greece. Plant Dis. 2021:105(11):3623–3635. 
https://doi.org/10.1094/PDIS-10-20-2227-RE

Martinussen T, Scheike TH. Dynamic regression models for survival data. 
In: Gail M, Samet JM, editors. Statistics for biology and health. New 
York: Springer; 2007. p. 470. 

Moore L, Tirello P, Scaccini D, Toews MD, Duso C, Pozzebon A. Characterizing 
damage potential of the brown marmorated stink bug (Hemiptera: 
Pentatomidae) in cherry orchards. Entomol Gen. 2019:39(3-4):271–283. 
https://doi.org/10.1127/entomologia/2019/0799

Moral J, Morgan D, Trapero A, Michailides TJ. Ecology and epidemiology 
of diseases of nut crops and olives caused by Botryosphaeriaceae fungi 
in California and Spain. Plant Dis. 2019:103(8):1809–1827. https://doi.
org/10.1094/PDIS-03-19-0622-FE

Moral J, Muñoz-Díez C, González N, Trapero A, Michailides TJ. 
Characterization and pathogenicity of Botryosphaeriaceae species col-
lected from olive and other hosts in Spain and California. Phytopathology. 
2010:100(12):1340–1351. https://doi.org/10.1094/PHYTO-12-09-0343. 

Moral J, Rosa RD, León L, Barranco D, Michailides TJ, Trapero A. High sus-
ceptibility of olive cultivar FS-17 to Alternaria alternata in southern Spain. 
Plant Dis. 2008:94(8):1252. https://doi.org/10.1094/PDIS-92-8-1252A

Mutlu C, Buyuk M, Eren S, Karaca V, Duman M, Bayram Y. Management 
of the stink bugs Dolycoris baccarum (L.) and Piezodorus lituratus (F.) 
(Hemiptera: Pentatomidae), and chalky spot damage on red lentil in 
Southeast Anatolia Region, Turkey. J Kansas Entomol Soc. 2018:91(1):40–
50. https://doi.org/10.2317/0022-8567-91.1.40

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/article/117/4/1336/7693042 by Biblioteca D

ipartim
ento di Scienze Econom

iche user on 24 Septem
ber 2024

https://doi.org/10.2478/s11756-018-0067-9
https://doi.org/10.1007/s10340-017-0899-z
https://doi.org/10.1146/annurev.ento.54.110807.090553
https://doi.org/10.1146/annurev.ento.54.110807.090553
https://doi.org/10.3390/insects14110848
https://doi.org/10.3390/insects14110848
https://doi.org/10.5943/mycosphere/4/4/17
https://agridata.ec.europa.eu/extensions/DashboardOliveOil/OliveOilProduction.html
https://agridata.ec.europa.eu/extensions/DashboardOliveOil/OliveOilProduction.html
https://www.fao.org/faostat/en/#data/QCL/visualize
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://CRAN.R-project.org/package=DHARMa
https://CRAN.R-project.org/package=DHARMa
https://doi.org/10.1007/s10340-014-0560-z
https://doi.org/10.1007/s10340-014-0560-z
https://doi.org/10.1603/EC14263
https://doi.org/10.1603/EC14263
https://doi.org/10.1080/03601230701551426
http://dati.istat.it/Index.aspx?QueryId=33706
https://doi.org/10.3390/agronomy12092200
https://doi.org/10.1016/s1226-8615(08)60335-0
https://doi.org/10.1653/024.103.0424
https://doi.org/10.1007/s10340-017-0859-7
https://doi.org/10.1007/s10340-017-0859-7
https://doi.org/10.1093/jisesa/iex084
https://doi.org/10.1127/entomologia/2023/2032
https://doi.org/10.1127/entomologia/2023/2032
https://doi.org/10.11646/zootaxa.5219.5.1
https://doi.org/10.11646/zootaxa.5219.5.1
https://doi.org/10.1111/j.1365-3059.2008.01842.x
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.1603/ec12096
https://doi.org/10.1603/ec12096
https://doi.org/10.1094/pdis-10-19-2080-pdn
https://doi.org/10.1094/pdis-10-19-2080-pdn
https://doi.org/10.3390/agriculture13081575
https://doi.org/10.3390/agriculture13081575
https://doi.org/10.1016/j.tifs.2015.04.009
https://doi.org/10.1094/PDIS-10-20-2227-RE
https://doi.org/10.1127/entomologia/2019/0799
https://doi.org/10.1094/PDIS-03-19-0622-FE
https://doi.org/10.1094/PDIS-03-19-0622-FE
https://doi.org/10.1094/PHYTO-12-09-0343
https://doi.org/10.1094/PDIS-92-8-1252A
https://doi.org/10.2317/0022-8567-91.1.40


1346 Journal of Economic Entomology, 2024, Vol. 117, No. 4

Nicoletti R, Di Vaio C, Cirillo C. Endophytic fungi of olive tree. Microorganisms 
2020:8(9):1321. https://doi.org/10.3390/microorganisms8091321

Özgen D, Gözüaçik C, Karsavuran Y, Fent M. Doğu ve Güneydoğu Anadolu 
Bölgesi’nde Antepfıstığı, Kayısı, Kiraz ve Zeytin Ağaçlarında Bulunan 
Pentatomidae (Heteroptera) Familyasına Ait Türlerin Saptanması Üzerinde 
Çalışmalar. Ege Üniv Ziraat Fak Derg. 2005:42(2):35–43.

Panizzi AR. Wild hosts of pentatomids: ecological significance and role in 
their pest status on crops. Annu Rev Entomol. 1997:42:99–122. https://
doi.org/10.1146/annurev.ento.42.1.99

Peiffer M, Felton GW. Insights into the saliva of the brown marmorated 
stink bug Halyomorpha halys (Hemiptera: Pentatomidae). PLoS One. 
2014:9(2):e88483. https://doi.org/10.1371/journal.pone.0088483

Peres F, Talhinhas P, Afonso H, Alegre H, Oliveira H, Ferreira-Dias S. Olive oils 
from fruits infected with different anthracnose pathogens show sensory 
defects earlier than chemical degradation. Agronomy 2021:11(6):1041. 
https://doi.org/10.3390/agronomy11061041

Pinheiro J, Bates D, Core Team R. Nlme: linear and nonlinear mixed effects 
models. R package version 3.1-162. 2023. https://CRAN.R-project.org/
package=nlme.

Poveda J, Baptista P. Filamentous fungi as biocontrol agents in olive (Olea 
europaea L.) diseases: mycorrhizal and endophytic fungi. Crop Prot. 
2021:146:105672. https://doi.org/10.1016/j.cropro.2021.105672

Preti M, Montanari M, Landi M, Cavazza F, Franceschelli F, Mirossevich L, 
Nannini R, Bortolotti PP. Screening in open field and laboratory condition 
of pyrethroids insecticide activity against Halyomorpha halys in Emilia-
Romagna. Atti Gior. Fitopatol. 2018:1,:403–414.

R Core Team. R: a language and environment for statistical computing. 2020.
Rallo L, Fernández-Escobar R. Influence of cultivar and flower thinning within 

the inflorescence on competition among olive fruit. J Am Soc Hortic Sci. 
1985:110(2):303–308. https://doi.org/10.21273/jashs.110.2.303

Ramos P, Campos M, Ramos JM. Long-term study on the evaluation of yield 
and economic losses caused by Prays oleae Bern. in the olive crop of 
Granada (southern Spain). Crop Prot. 1998:17(8):645–647. https://doi.
org/10.1016/s0261-2194(98)00065-9

Rijal J, Gyawaly S. Characterizing brown marmorated stink bug injury in al-
mond, a new host crop in California. Insects 2018:9(4):126. https://doi.
org/10.3390/insects9040126

Sanzani SM, Schena L, Nigro F, Sergeeva V, Ippolito A, Salerno MG. Abiotic 
diseases of olive. J Plant Pathol. 2012:94(3):469–491. http://dx.doi.
org/10.4454/JPP.FA.2012.069

Sanz-Cortés F, Martinez-Calvo J, Badenes ML, Bleiholder H, Hack 
H, Llacer G, Meier U. Phenological growth stages of olive trees 

(Olea europaea). Ann Appl Biol. 2002:140(2):151–157. https://doi.
org/10.1111/j.1744-7348.2002.tb00167.x

Saruhan I, Tuncer C. Research of damage rate and type of green shıeld bug 
(Palomena prasina L. Heteroptera: Pentatomıdae) on hazelnut Anadolu. J 
Agric Sci. 2010:25(2):75–83.

Scaccini D, Duso C, Pozzebon A. Lethal effects of high temperatures on brown 
marmorated stink bug adults before and after overwintering. Insects 
2019:10(10):355. https://doi.org/10.3390/insects10100355

Schaefer CW, Panizzi AR. Heteroptera of economic importance. CRC Press; 
2000. https://doi.org/10.1201/9781420041859

Stahl JM, Scaccini D, Daane KM. Field survival of the brown marmorated 
stink bug Halyomorpha halys (Hemiptera: Pentatomidae) on California 
tree crops. Environ Entomol. 2021:50(5):1187–1193. https://doi.
org/10.1093/ee/nvab055

Talhinhas P, Loureiro A, Oliveira H. Olive anthracnose: a yield- and oil 
quality-degrading disease caused by several species of Colletotrichum 
that differ in virulence, host preference and geographical distribution. 
Mol Plant Pathol. 2018:19(8):1797–1807. https://doi.org/10.1111/
mpp.12676

Tamburini G, Laterza I, Nardi D, Mele A, Mori N, Pasini M, Scaccini D, 
Pozzebon A, Marini L. Effect of landscape composition on the inva-
sive pest Halyomorpha halys in fruit orchards. Agric Ecosyst Environ. 
2023:353:108530. https://doi.org/10.1016/j.agee.2023.108530

Therneau TM. Survival: survival analysis. R package version 3.4-0. 
2022. https://CRAN.R-project.org/package=survival.

Therneau TM, Grambsch PM. Modeling survival data: extending the Cox 
model. In: Gail M, Samet JM, editors. Statistics for biology and health. 
New York (USA): Springer; 2000. p. 350.

Veneto Region. Linee Tecniche di Difesa Integrata (difesa integrata volontaria) 
anno 2021. DD n. 5 5th February. 2021.

Veneto Region. Linee Tecniche di Difesa Integrata (difesa integrata volontaria) 
anno 2022. DD n. 28 3rd May, annex B. 2022.

Veneto Region. Approvazione aggiornamento Linee Tecniche di Difesa 
Integrata - 2023. DD n. 40 5th May. 2023.

White TJ, Bruns TD, Lee SB, Taylor JW. Amplification and direct sequencing 
of fungal ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand 
DH, Sninsky JJ, White TJ, editors. PCR Protocols: a guide to methods and 
applications. London (UK): Academic Press; 1990. p. 482.

Zapponi L, Morten M, Chiesa SG, Angeli G, Borri G, Mazzoni V, Sofia 
M, Anfora G. Brown marmorated stink bug (Halyomorpha halys) 
feeding damage determines early drop in olive crops. J Appl Entomol. 
2022:146(6):791–795. https://doi.org/10.1111/jen.13018

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/article/117/4/1336/7693042 by Biblioteca D

ipartim
ento di Scienze Econom

iche user on 24 Septem
ber 2024

https://doi.org/10.3390/microorganisms8091321
https://doi.org/10.1146/annurev.ento.42.1.99
https://doi.org/10.1146/annurev.ento.42.1.99
https://doi.org/10.1371/journal.pone.0088483
https://doi.org/10.3390/agronomy11061041
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://doi.org/10.1016/j.cropro.2021.105672
https://doi.org/10.21273/jashs.110.2.303
https://doi.org/10.1016/s0261-2194(98)00065-9
https://doi.org/10.1016/s0261-2194(98)00065-9
https://doi.org/10.3390/insects9040126
https://doi.org/10.3390/insects9040126
http://dx.doi.org/10.4454/JPP.FA.2012.069
http://dx.doi.org/10.4454/JPP.FA.2012.069
https://doi.org/10.1111/j.1744-7348.2002.tb00167.x
https://doi.org/10.1111/j.1744-7348.2002.tb00167.x
https://doi.org/10.3390/insects10100355
https://doi.org/10.1201/9781420041859
https://doi.org/10.1093/ee/nvab055
https://doi.org/10.1093/ee/nvab055
https://doi.org/10.1111/mpp.12676
https://doi.org/10.1111/mpp.12676
https://doi.org/10.1016/j.agee.2023.108530
https://CRAN.R-project.org/package=survival
https://doi.org/10.1111/jen.13018

	Halyomorpha halys (Hemiptera: Pentatomidae) as the major contributor to early olive drop in northern Italy
	Introduction
	Materials and Methods
	Study Area
	Field Surveys of the Phytosanitary Status of Olives and of Heteroptera Community in Olive Canopies During the Early Drop Period
	Damage Assessment of H. halys on Olives
	Effectiveness of Insecticidal Strategy in Reducing Early Olive Drop and Stink Bug Population in Open Field Conditions
	Data Analysis

	Results
	Field Surveys of the Phytosanitary Status of Olives and of Heteroptera Community in Olive Canopies During the Early Drop Period
	Damage Assessment of H. halys on Olives
	Effectiveness of Insecticidal Strategy in Reducing Early Olive Drop and Stink Bug Population in Open Field Conditions

	Discussion
	Acknowledgments
	References


