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Simple Summary: The present study examined the ability of four Mediterranean aromatic plant
species, i.e., oregano, rosemary, sage, and savory, established in hedgerows in orange orchards to
support natural enemies of citrus pests in comparison to margins with bare soil or weed vegetation,
which is the commonly used management practice. The impact of the aromatic plant hedgerows on
conservation of parasitoid wasps, spiders, and predators of insect pests varied with the aromatic
plant species and natural enemy group, i.e., savory plants had a positive effect on the abundance
of parasitoids and arachnid predators; sage and oregano flowers favored predatory insects, but
sage harbored low numbers of parasitoids compared to the main flowering weed species; rosemary
hedgerows served as a most suitable habitat for spiders in comparison to the pre-existing weed cover.
The results support the use of the tested aromatic plant species as customized reservoirs for certain
groups of beneficial arthropods in orange orchards, considering also the possible incorporation of
suitable flowering wild plant species in the weed flora.

Abstract: In the present study, the potential of hedgerows from Mediterranean aromatic plant species,
i.e., oregano, rosemary, sage, and savory, in orange field margins to function as reservoirs of natural
enemies of citrus pests was tested in comparison to the common management practice of bare soil
or weed vegetation. Assessments were based on the abundance and diversity of parasitoid wasps,
spiders, and insect predators in the field margins and on the orange trees for two growing seasons.
Savory plants harbored more parasitoids compared to weed vegetation and the other aromatic plants
(savory > organic rosemary > sage > oregano). Weed vegetation hosted more arachnid predators
than the aromatic plants in their first year in the orchard, but this was reversed with their full growth
in the following year (most abundant on rosemary). Oregano and sage favor insect predators. The
similarity of the natural enemy communities on the field margins and on the orange trees increased
with time, indicating the insects” movement from the field margins to the trees. The results support
the use of the tested aromatic plant species in conservation practices for targeted groups of beneficial
arthropods in orange orchards, also considering the exploitation of suitable wild flowering plants of
the weed flora.

Keywords: aromatic plants; conservation; natural enemies; oregano; parasitoid; predator; rosemary;
sage; savory; weed flora

1. Introduction

In recent decades, rising demands for agricultural products led to the displacement of
traditional cultivation systems by intensive and specialized farming systems, which rely on
external inputs of agrochemicals and energy [1]. Moreover, intensive monocrop systems
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are responsible for biodiversity loss, water pollution, high greenhouse gas emissions, soil
degradation, and reductions in ecosystem services [2].

Landscape elements such as hedges, grassland, wildflower strips, field margins, and
headlands are ecological infrastructures, whose judicious use increases the functional
biodiversity of the farm by providing habitats for aestivation or overwintering [3], breeding
sites [4], as well as food resources such as nectar and pollen [5,6], and alternative prey/host
for parasitoids or pest predators [7,8]. Thus, they reduce the need for pesticide applications
and support an appropriate environment protected from agricultural operations [9-15].

Conservation biological control (CBC) is a sustainable approach in pest management
that can contribute to a reduction in pesticide use as part of an Integrated Pest Management
(IPM) strategy by supporting populations of natural enemies present in the agroecosystem
and by promoting their effectiveness as predators, parasitoids, or pathogens [16-19]. This
strategy is especially useful in permanent evergreen crops [9,20], such as citrus, where both
pests and their natural enemies are active and abundant throughout the year [21].

Citriculture is one of the pillars of Mediterranean agriculture, being the dominant
citrus fruit producing area worldwide [22]. In Greece, citrus orchards cover an area of
about 40,000 ha, representing 43% of total fruit crops [23]. Major arthropod pests in terms of
importance in the citrus-growing regions of the country comprise the Mediterranean fruit
fly Ceratitis capitata (Wiedemann) (Diptera: Tephrididae), the California red scale Aonidiella
aurantii (Maskell) (Hemiptera: Diaspididae), and the mealybug Planococcus citri (Risso)
(Hemiptera: Pseudococcidae). However, outbreaks of the woolly whitefly Aleurothrixus
floccosus Maskell (Hemiptera: Aleyrodidae), the citrus whitefly Dialeurodes citri (Ashmead)
(Hemiptera: Aleyrodidae), Ceroplastes rusci L (Hemiptera: Coccidae), the Mediterranean
black scale Saissetia oleae (Bernard) (Hemiptera: Coccidae), and Tetranychidae and Erio-
phyiidae mites are recorded at small (local) scale. The citrus leafminer Phyllocnistis citrella
(Stainton) (Lepidoptera: Gracillariidae) and the citrus infesting aphids and thrips are of mi-
nor importance [24]. Recently, the citrus spiny whitefly, Aleurocanthus spiniferus (Hemiptera:
Aleyrodidae), an economically important species, was added to the citrus pest list [25].

Conservation biological control has been proven very effective in the management
of insect pests in citrus orchards, including ground cover management practices and the
use of banker plants [26]. Wind breaks or hedgerows of Nerium oleander L. (Apocynaceae)
serve as a reservoir for aphid natural enemies [26]; conservation of weeds such as Oxalis
pes-caprae L. (Oxalidaceae) provides non-pest spider mites as alternative prey for phytoseiid
mites [27]; sown cover of Festuca arundinacea Schreb. (Poaceae) regulates populations of
Tetranychus urticae Koch (Tetranychidae) [28-31]; and enhances ground-dwelling predators
of C. capitata [32].

In this context, a diversified farming system combining citrus culture, aromatic medici-
nal plants, and apiculture is tested within the frame of the PRIMA project, with the acronym
PLANT-B, which aims to make the best use of resources for the benefit of citrus fruit and
honey production in the Mediterranean region. In particular, this farming system exploits
field margins as semi-natural habitats for pollinators and natural enemies to enhance polli-
nation and biological control services and subsequently improve the quality, safety, and
security of citrus and honey produce.

Insectary plants, by definition, include flowering plants that attract and possibly
maintain, with their nectar and pollen resources, a population of natural enemies that
contribute to biological pest management on crops [33]. The establishment of selected
flowering plant species in field margins to support beneficial arthropods for pest control
and crop pollination is a widely adopted practice [6,34—40]. Most of these attempts concern
mixes of annual flower species in various crops, e.g., tomato, watermelon, apple, and
olive [41-45]. Aromatic plants do not represent a homogeneous taxonomic group but are
defined by their chemical properties, in particular volatile compounds (terpenoids, steroids,
alkaloids, and organic cyanides) that correspond to olfactory attributes that may be used in
medicine, food, or plant protection [46—49]. They also have the agronomic advantage of
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being potentially marketable compared to other wildflower species [50]. However, their
suitability to serve as insectary plants in citrus production is undetermined.

The aim of the present study was to assess the ability of four Mediterranean perennial
aromatic plant species, namely oregano, rosemary, sage, and savory, established in field
margins to attract and support natural enemies of citrus pests in comparison with the
commonly used management practice of bare soil or weed vegetation. The study also
investigates arthropod diversity in such environments (aromatic plants vs. weed vegetation)
as well as on trees in orange orchards with the respective field margin management.

2. Materials and Methods
2.1. Experimental Fields and Establishment of Flowering Hedgerows

The study was carried out in seven orange orchards (five with cv. Navelina and two
with cv. Washington Navel) in Argolis, Peloponnese, Greece, during three consecutive
growing seasons (2020, 2021, and 2022) (Figure 1). A 0.5 ha study area was delineated in
each orchard, with 30—-45-year-old trees of the goblet cultivation system. Pest management
in all orchards used IPM principles except for one orchard which was organic. The plant
protection interventions for each orchard are shown in Supplementary Table S1.

The first year (2020) was a baseline year, i.e., no intervention was made in the field
margins. In the second year (2021), one aromatic species was established as a hedgerow
in one field margin in five orchards, whereas one field margin in either of the two other
orchards was used as a control, i.e., bare soil with no vegetation (BS) and weed vegeta-
tion (WV). Four aromatic plant species of the family Lamiaceae were tested: rosemary
(Rosmarinus officinalis L.) in one IPM field [RO(IPM)] and the organic field [RO(ORG)],
sage (Salvia officinalis L.) (SG), savory (Satureja thymbra L.) (SV), and oregano (Oreganum
ovulgare L.) (OR). The aromatic plant hedgerows covered an area of 80-120 m?, depending
on the available field margin, with an average width of 2 m. The height of each hedgerow
ranged as follows: RO(IPM) 80-100 cm, RO(ORG) 100-120 cm, SG 30-90 cm, SV 3040 cm,
and OR 30-60 cm on their first and second years in the field margins, respectively. In
all orchards during the baseline year and in the control fields during the next two years,
the growers followed the usual agricultural practices regarding weed management in the
field margins. Regarding weed management in the orange orchards, 2—4 weed mowing
treatments were performed per year between the tree rows. In addition, in all orchards
except for the RO(ORG) and SG, two herbicide applications (most commonly glyphosate)
were performed along the tree rows or on a larger groundcover area (BS orchard) using
a small boom sprayer (Supplementary Table S1). Further targeted herbicide applications
were carried out by the farmers with a backpack sprayer when needed.

The experimental design included seven field margin treatments: hedgerows of five
different aromatic plant species, weed vegetation, and bare soil. In each orchard, the effect
of the field margin management on the presence of natural enemies was measured in the
field margins (3 randomly selected plots of 10 m? in the hedgerows or in the field margins
with weed vegetation) and on the canopy of three orange trees next to the tested field
margin and in the fifth row from the field margin (Figure 1). Thus, in each orchard, three
replications were made in the field margins and three replications on the tree canopy in
each of the two row (next to the field margin, five rows from the field margin).

2.2. Flower and Plant Cover Measurements in Field Margins

Visual estimation of plant and flower cover percentages (%) were performed on plots
with aromatic plants (orchards: RO(IPM), RO(ORG), (SG), (SV), and (OR)) or weeds in the
field margins (all orchards in the baseline year, WV orchard the following two years). These
measurements were performed on the insect sampling dates. The methodology followed
approaches described in [42—44] and was adapted for the experimental design of the current
study. More specifically, the plant and flower covers were visually estimated and expressed
as percentages of the plot area (10 m?) in all examined plots. In the case of weed flora, total
and per-species flower cover were estimated to determine the main flowering weed species
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present in the respective plots. Flowering plant species were identified in situ or, when
necessary, collected and identified in the laboratory using the botanical identification keys
Flora Europaea [51-55].

; Citrus orchards
o
Argolis =
I Hedgerow of
aromatic plants

‘ o N
ROIPM)

L
RO(ORG)

Figure 1. Experimentation sites of seven orange orchards in Argolis, Peloponnese, Greece, and layout
of the aromatic plant hedgerows. [pink lines and photographs OR, SG, RO(ORG), RO(IPM), SV] and
the control fields [weed vegetation (WV) and bare soil (BS)]. RO(ORG): rosemary hedgerow (organic
orchard); RO(IPM): rosemary hedgerow (IPM orchard); OR: oregano hedgerow; SG: sage hedgerow;
SV: savory hedgerow.

2.3. Arthropod Presence Measurements

Measurements of the arthropod presence (abundance, diversity) in the field margins
and on the orange trees were performed in the spring of each experimental year (2020-2022),
during and after the orange tree blossom (BBCH 60-70) and aromatic plants’ flowering.
Measurements were not taken in orchards that had null vegetation in their margins (BS
throughout the experimental period; RO(ORG) and OR in baseline year 2020). To collect
data on beneficial arthropods, suction sampling using a modified leaf blower was conducted
as described in [42—44]. In the field margins, eight random suctions of two seconds per
suction were performed in each plot (16 s/10 m?). On the tree canopy, eight random
suctions of two seconds per suction (16 s/tree) were made, 2 in each cardinal point, at
2 m above the soil surface, from 3 trees next to the filed margins and from 3 trees in the
fifth row.

The arthropod samples were kept in the freezer (—18 °C) and sorted by family, genus,
and species (where possible) under a stereomicroscope using taxonomic keys [56-58]. The
identified arthropods were classified into three major functional groups: Hymenoptera
parasitoids (25 families), Arachnid predators (16 spider families and harvestmen), and
insect predators (10 families: Dermaptera and Mantodea) (Supplementary Table S2).

2.4. Statistical Analysis

The effect of field margin management (aromatic plants, hedgerows, weed vegetation,
and bare soil) on the attraction of natural enemies of pests was determined using one-way
ANOVA (« = 0.05) on the data from the treated orchards (BS, WV, RO(ORG), RO(IPM),
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OR, SG, SV) for each experimental year separately. When the effect was significant, the
means were separated using Tukey’s HSD test (« = 0.05). Data on the number of beneficial
arthropods (parasitoids, arachnids, and insect predators) were transformed (log(x + 1)) to
achieve a better fit to the assumptions of the analyses (homoscedacidity). The statistical
analyses were performed using the statistical package JMP [59]. The similarity between
communities of natural enemies on field margins and orange trees was assessed by Principal
Coordinate Analysis (PCoA) and one-way ANOSIM (« = 0.05), with the Bray—Curtis
similarity index, using PAST [60].

3. Results
3.1. Baseline Year

Summarizing the weed vegetation profile in the field margins of the orchards during
the baseline year in terms of plant cover, flower cover, and species, this is as follows:

WYV field: the plant cover was 45-55% in late April and the respective flower cover
was 10-25%; the main weed species recorded were Crepis sp. (Asteraceae) and fewer plants
of Anagallis arvensis L. (Primulaceae).

SG field: in late April, the plant cover was 75-95% with flower cover 60-80%, and the
main weed species were Matricaria chamomilla L. (Asteraceae) and Raphanus raphanistrum
L. (Brassicaceae); in early May, plant cover and flower cover were 70-95% and 40-65%,
respectively, with the same main weed species as in late April with the addition of Malva
sp. (Malvaceae).

SV field: the plant cover was 80-100% with the respective flower cover of 20-60%
in late April, mainly consisting of Capsella bursa-pastoris L. (Brassicaceae), Veronica per-
sica Poir. (Plantaginaceae), Stellaria apetala (Caryophyllaceae), and Rapistrum rugosum L.
(Brassicaceae); in early May, the flower cover was 1-10%, mainly consisting of R. rugosum.

RO (IPM): in late April, the plant cover was 95-100%, and the flower cover was 70-75%,
while in early May, the plant and flower covers were 55-100% and 10-45%, respectively. In
both periods, the main weed species were Medicago polymorpha L. (Fabaceae), Crepis ap.,
Campanula patula L. (Campanulaceae), and S. apetala.

Among the four orchards examined, the highest number of parasitoid wasps (Hy-
menoptera) was observed in the field margin of the SG orchard and the lowest in those of
the RO(IPM) and WV (Figure 2A, Supplementary Table S3). On orange trees, the parasitoid
abundance in all seven orchards did not differ significantly in the first sampling date (June),
while in the second (July), a higher number of parasitoids was collected from the OR
orchard, followed by the SV orchard (Figure 2B, Supplementary Table S4).

Arachnid predators were more abundant in the margins of the WV orchard and on
orange trees in the OR orchard on all sampling dates. A higher number of predatory insects
was collected from the margins of the SG orchard and from orange trees in the OR orchard
(Figure 2, Supplementary Tables S3 and 54).

Regarding the diversity of natural enemy communities in the field margins of the
orchards, the SG orchard had the most diverse community of parasitoid wasps, including
16 different families. Eulophidae and Braconidae were the dominant families in the field
margins of the four orchards. Scelionids were more abundant in the WV field margin than
Encyrtidae in the SV margin. Mymaridae were found in all field margins except for the SV
orchard (Figure 3A).

The spider family Thomisidae was present in all field margins. Linyphiidae had the
highest proportion in the WV orchard and was not observed in the SV orchard. Oxyopids
were collected only from the RO(IPM) and SV orchards. Web-builders Araneidae and
Theridiidae were observed only in the margins of the SG orchard (Figure 3B).

Coccinellidae were present in all field margins except for that of the WV orchard.
Predatory mirids were dominant in the WV and SV orchards. Anthocoridae were absent
from samples of the SV orchard. Dermaptera and Syrphidae were present only in the field
margins of the RO(IPM) and SV orchards (Figure 3C).
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Figure 2. Temporal distribution of natural enemies (parasitoids, arachnid predators, and insect
predators) (A) in field margins and (B) on orange trees at the baseline year (field margin management
using the usual farmers’ practice).
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Figure 3. Community composition of (A) Hymenoptera parasitoids, (B) arachnid predators, and
(C) insect predators in four orange orchards (WV, SG, SV, and RO(IPM)) at the baseline year (field
margin management using the usual farmers’ practice).

On orange trees, the dominant parasitoid family was Encyrtidae in all orchards.
Scelionids hold a large proportion of all orchards. Eulophidae and Trichogrammatidae
were present in all orchards but in low proportions. Aphelinids were collected from orange
trees in all fields except the BS and WV. Braconidae individuals were not observed in
samples from the tree canopies of the WV orchard (Figure 4A).

From the arachnid predators, Salticidae was the dominant spider family in all orchards
except for the SG. Thomisids were absent only from the BS and RO(ORG) orchards, while
Oxyopidae were from SG and RO(ORG). Araneidae were collected from the WV, SG, and
RO(IPM) fields, and Cheiracanthiidae only from orange trees in the OR, RO(IPM), and SV
orchards (Figure 4B).

Chrysopidae were present in all orange orchards except for WV, while this is the only
predatory insect taxon collected from the BS orchard. Coccinellids were collected from the
OR, RO(ORG), RO(IPM), and SV orchards. The same applies to Anthocoridae bugs except
for the RO(ORG) orchard. Predatory syrphids were present on orange trees in WV, SC, and
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RO(ORG) orchards, while omnivore Dermaptera were present on those in WV, OR, and

RO(ORG) orchards (Figure 4C).
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Figure 4. Community composition of (A) Hymenoptera parasitoids, (B) arachnid predators, and
(C) insect predators on orange trees in seven orchards (BS, WV, SG, OR, SV, RO(ORG), and RO(IPM))
at the baseline year (field margin management using the usual farmers’ practice).

3.2. After the Establishment of Hedgerows
3.2.1. Spatial and Temporal Patterns of Natural Enemies

Over time, the total abundance of natural enemies varied to a considerable extent, both
on the aromatic plants and on the orange trees. In the field margins, the highest number of
parasitoid wasps (Hymenoptera) was harbored by the SV orchard in both sampling periods
(2021: F51092 = 6.3278, p < 0.001, 2022: F5 150 = 6.3895, p < 0.001) (Figure 5A), while on orange
trees, the highest number of Hymenoptera parasitoids was collected from the RO(ORG)
orchard in both sampling periods (2021: Fg 245 = 19.7607, p < 0.001, 2022: F¢ 287 = 7.5434,
p <0.001) (Figure 5B).

2 4 (A) Field margin 2

BS wv RO(ORG) RO(IPM) OR SG SV BS wv RO(ORG)  RO(IPM) OR SG sV

(B) Orange trees

Mean (+SE) number of individuals

BS wv RO(ORG)  RO(IPM) OR SG sV BS wv RO(ORG)  RO(IPM) OR SG sV

Sampling period April-June 2021 Sampling period April-June 2022

Figure 5. Total abundance (mean + SE) of Hymenoptera parasitoids (A) in field margins and (B) on
orange trees in orchards with different field margin management: BS—bare soil; WV—weed vegetation;
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RO(ORG)—rosemary hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard);
OR—oregano hedgerow; SG—sage hedgerow; SV—savory hedgerow. Identical letters above the
error bar indicate no statistically significant differences among orchards.

Looking at their temporal abundance fluctuation, parasitoid wasps on SV reached
peak levels from late May to early June 2021 and similarly attained their highest number
in June 2022. On RO(ORG), a population peak was observed in early May 2021, while
population peaks were recorded in both RO(ORG) and (IPM) orchards from late May
to June 2022. The population pattern of parasitoid wasps on OR was similar to that of
RO hedgerows in 2022 (Figure 6A, Supplementary Tables S5 and S7). Parasitic wasps on
orange trees in the rosemary RO(ORG) orchard had significantly higher abundance levels
compared to the other orchards on all sampling dates in both years. In the other orchards,
population peaks were observed in OR, RO(IPM), and SV fields from late May to June
in 2021, while peaks were recorded in BS and OR fields in late June in 2022 (Figure 6B,
Supplementary Tables S6 and S8).

28/4/2021

5-7/5/2021

12-13/5/2021

(B) Orange trees

21/5/2021 27/5/2021 5/5/2022 12-13/5/2022 20/5/2022

7/6/2021

28/4/2021

5-7/5/2021

13/5/2021

21/5/2021 27/5/2021 7/6/2021

Orange orchards and sampling dates

Figure 6. Temporal distribution of Hymenoptera parasitoids (A) in field margins and (B) on orange
trees in orchards with different field margin management: BS—bare soil; WV—weed vegetation;
RO(ORG)—rosemary hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard);
OR—oregano hedgerow; SG—sage hedgerow; SV—savory hedgerow.

In 2021, the highest number of arachnid predators was observed in the field margin of
the WV orchard (F5 192 = 16.2965, p < 0.001) with a peak in mid-May, while in 2022 arachnids
were most abundant on the RO(IPM) hedgerow (Fs,120 = 7.0375, p < 0.001) with a peak in
June (Figures 7A and 8A, Supplementary Tables S5 and S7). Orange trees in the SV orchard
harbored the highest number of arachnids in both sampling periods (2021: Fg 245 = 2.2569,
p = 0.0387; 2022: F¢ 287 = 2.2058, p = 0.0426) (Figure 7B). In 2021, the population did not differ
between sampling dates except for a peak in the SV orchard in June. In 2022, arachnids on
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the orange trees reached their highest abundance in the SV orchard during May but in the
RO(ORG) and RO(IPM) orchards in late June (Figure 8B, Supplementary Tables S6 and S8).

The highest numbers of predatory insects were observed in the field margins with
OR and SG in both sampling periods (2021: F5 192 = 7.5062, p < 0.001, 2022: F5 159 = 16.6819,
p <0.001) (Figure 7A). The orchard that harbored the highest number of predatory insects on
the orange trees in both sampling periods was the RO(ORG), followed by the RO(IPM) and
SV orchards (2021: Fg 245 = 20.2596, p < 0.001, 2022: F¢ 257 = 2.5846, p = 0.0187) (Figure 7B).
In 2021, the period of the highest abundance of predatory insects on OR and SG hedgerows
was late May, while in 2022 the highest abundance on OR was late April to early May but
on SG it was late May to June (Figure 8A, Supplementary Tables S5 and S7). On orange
trees, the significantly higher abundance of the insect predators in the RO(ORG) orchard
lasted almost the whole sampling period in 2021, while population peaks were observed in
the RO(IPM) and SV orchards from late May to June. In 2022, predaceous insects on orange
trees showed significantly higher abundance in the SV orchard early in May than in the
RO(ORG) orchard early in June (Figure 8B, Supplementary Tables S6 and S8).
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Figure 7. Total abundance (mean + SE) of arachnid and insect predators (A) in field margins,
(B) on orange trees in orchards with different field margin management: BS—bare soil; WV—weed
vegetation; RO(ORG)—rosemary hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM
orchard); OR—oregano hedgerow; SG—sage hedgerow; SV—savory hedgerow. Identical letters
above the error bar indicate no statistically significant differences among orchards.

3.2.2. Community Composition of Natural Enemies

The community structure of beneficial arthropods varied among the different field
margins of aromatic plants and weed vegetation. In 2021, the most diverse community of
parasitic Hymenoptera was observed on WV, represented by 17 different families, followed
by SV (15 families), while the least diverse was on RO(IPM) (8 families). Scelionidae was
the dominant family in all field margins, except for OR, especially on SV and SG (41.60
and 48.94%, respectively). Mymaridae had a high proportion (42.34%) on RO(ORG). In
2022, greater diversity of parasitic wasps was observed on SV (19 families), followed by SG
(14 families). Scelionids were abundant in almost all field margins, but, unlike in 2021, they
were super dominant in OR (86.84%). Mymarids had the highest proportions on RO(ORG)
and RO(IPM) (65.63% and 78.67%, respectively) (Figure 9A,D).
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Figure 8. Temporal distribution of arachnid and insect predators (A) in field margins, (B) on orange
trees in orchards with different field margin management: BS—bare soil; WV—weed vegetation;
RO(ORG)—rosemary hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard);
OR—oregano hedgerow; SG—sage hedgerow; SV—savory hedgerow.

The most diverse composition of arachnid predator taxa during 2021 was found in
WV (11) and the least in SG (3). Thomisidae and Linyphiidae were dominant spider families
in all field margins except for RO(ORG). Oxyopidae hold high proportions of the total
spiders on rosemary RO(ORG), RO(IPM), and SV (53.85%, 42.86%, and 40%, respectively).
In 2022, arachnid communities on RO(IPM) and SV were composed of 11 spider families
each, followed by OR, SG, RO(ORG), and WV (10, 9, 8, and 8 arachnid taxa, respectively).
Thomisidae and Salticidae had increased their proportions among total spiders in almost
all field margins, while Oxyopidae were dominant on all aromatic plants Figure 9B,E).

In 2021, predatory Heteroptera were the most abundant insect group in the samples.
Miridae were dominant in almost all field margins (e.g., on OR, 76.67%), and Athocoridae
were dominant in SV and SG (63.16% and 47.46%, respectively). In 2022, mirids were
superdominant in OR and WV (89.67% and 84.88%, respectively). In 2022, Anthocoridae
represent 54.10% of insect predators on SV, and Mantodea reached high proportions on
RO(ORG) and RO(IPM) (41.67% and 30%, respectively) while absent in 2021 (Figure 9C,F).

Regarding the diversity of natural enemies on the orange trees, in 2021 the most diverse
community of parasitic Hymenoptera was observed in the RO(ORG) orchard (19 families),
followed by the WYV field (14 families), and the least diverse orchard was SG (8 families).
Braconidae was the dominant family on orange trees in all orchards, especially on OR
and BS fields (70.37% and 40.51%, respectively). Encyrtidae, Eulophidae, Aphelinidae,
and Scelionidae also had high proportions of total parasitoids in most orchards. In 2022,
the greatest diversity of parasitic wasps was observed again in the RO(ORG) orchard
(17 families). Encyrtidae and Braconidae were dominant on orange trees in all orchards,
and Scelionidae held again high proportions on most fields (Figure 10A,D).
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Figure 9. Community composition of natural enemies in field margins of orange orchards with
different field margin management. Sampling period April-June 2021: (A) Hymenoptera parasitoids;
(B) arachnid predators; (C) insect predators. Sampling period April-June 2022: (D) Hymenoptera
parasitoids; (E) arachnid predators; (F) insect predators. WV—weed vegetation; RO(ORG)—rosemary
hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard); OR—oregano hedgerow;
SG—sage hedgerow; SV—savory hedgerow.

In arachnid predators, Salticidae, Cheiracanthiidae, and Thomisidae were the dom-
inant spider families on trees in most orange orchards in 2021. The next year, Salticidae
remained the dominant spider family in all fields, while Thomisidae and Araneidae also
had increased proportions (Figure 10B,E).

During 2021, Chrysopidae was the dominant predatory insect group on orange trees in
all orchards, while Cantharidae, Coccinellidae, and Dermaptera also had high proportions
of total predators. In 2022, mirids were superdominant in OR and WV orchards (89.67%
and 84.88%, respectively). Dermaptera and Cantharidae were dominant in all orchards,
followed by Chrysopidae (Figure 10C,F).

A comparison between the communities of natural enemies on field margins and
trees in the same orchard using the PCoA and ANOSIM tests showed greater dissimilarity
(higher R values) in 2021. In 2022, lower R values indicate less dissimilar natural enemies’
communities between field margins and trees, while in the SV orchard the communities do
not significantly differ (p = 0.1738) (Table 1, Figure 11).
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Figure 10. Community composition of natural enemies on orange trees in orchards with different
field margin management. Sampling period from April to June 2021: (A) Hymenoptera para-
sitoids; (B) arachnid predators; (C) insect predators. Sampling period from April to June 2022:
(D) Hymenoptera parasitoids; (E) arachnid predators; (F) insect predators. WV—weed vegetation;
RO(ORG)—rosemary hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard);
OR—oregano hedgerow; SG—sage hedgerow; SV—savory hedgerow.

Table 1. One-way ANOSIM between communities of natural enemies on field margins and orange
trees in orchards with different field margin management. WV—weed vegetation; RO(ORG)—
rosemary hedgerow (organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard); OR—oregano
hedgerow; SG—sage hedgerow; SV—savory hedgerow.

Sampling Period April-June 2021 Sampling Period April-June 2022

Field R p R P
WV 0.1372 0.0056 0.157 0.001
RO(ORG) 0.5026 0.0001 0.1447 0.0067
RO(IPM) 0.2631 0.0001 0.1793 0.0001
OR 0.2021 0.0005 0.1328 0.0003
SG 0.0736 0.0499 0.1344 0.0027
SV 0.3154 0.0001 0.0393 0.1738

3.2.3. Phytophagous Arthropods

Although the impact of hedgerows on arthropod pests of the crop was not one of
the aims of this study, we should note that no population outbreak of the common citrus
pests or a new pest was recorded on the crop after the establishment of the aromatic
plant hedgerows or with respect to the BS and WV orchards. The key pests, according to
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the farmers’ records and the specimens of phytophagous arthropods found in our suction
samples, were aphids, whiteflies, scale insects (mainly Aonidiela aurantii), thrips, lepidoptera
(mainly Adoxophyes orana), and spider mites (mainly Tetranychus urticae and Panonychus
citri), namely in the BS, WV, SG, and RO(IPM) orchards. No insecticides/acaricides were
applied in OR and SV orchards, while the farmers applied the standard treatments in
the rest of the IPM orchards. Applications in the organic orchard RO(ORG) included
Bacillus thuringiensis subsp. kurstaki and paraffin oil. Regarding other pesticide applications,
fungicide treatments (copper hydroxide) in the IPM orchards targeted Phoma tracheiplila.
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Figure 11. Principle Coordinate Analysis graphs showing the similarity between communities
of natural enemies on field margins (blue ellipses) and orange trees (black ellipses) in orchards
with different field margin management: WV—weed vegetation; RO(ORG)—rosemary hedgerow
(organic orchard); RO(IPM)—rosemary hedgerow (IPM orchard); OR—oregano hedgerow; SG—sage
hedgerow; SV—savory hedgerow.

4. Discussion

The profile of natural enemies on the aromatic plants oregano, rosemary, sage, and
savory, established as hedgerows in the field margins of orange orchards, differed with
the plant species. Thus, each species has a different potential as an insectary plant for the
conservation of parasitoids, arachnids, and predatory insects that are insect pests, as well as
for the relevant abundance and diversity of smaller taxa within these groups. Additionally,
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differences are evident in the comparison of aromatic plants with the common practice of
field margin management of orange orchards, i.e., the maintenance of weed vegetation and
bare soil.

Regarding Hymenoptera parasitoids, savory plants attracted more parasitoid wasps
compared to weed vegetation and the other aromatic plants (savory > rosemary (ORG)
> sage > oregano), with the highest population occurring in late May to June during the
flowering period of savory, probably due to the high sugar concentration of its nectar [61].

The attraction of parasitoid wasps to rosemary hedgerows differed in the two orchards,
from high in the organic (ORG) field to low in the IPM field (especially in the first sampling
period). In any case, the attractance of rosemary to parasitoids cannot be related to flower
resources since the plants did not flower during our study. The high parasitoid abundance
on rosemary (ORG) hedgerows can be attributed to Anagrus spp. (Mymaridae), an egg
parasitoid of the Ligurian leathopper Eupteryx decemnotata Rey (Hemiptera: Cicadelli-
dae) [62]. This typhlocybid leafhopper was recorded in high numbers on rosemary and
sage hedgerows; however, symptoms of infestation (yellowing) were observed only on
rosemary leaves. E. decemnotata is an oligophagous species on aromatic plants of the family
Lamiaceae and has not been reported to transmit any plant pathogens; therefore, it cannot
be harmful for citrus cultivation [63,64].

Even though they had an extended blooming period, sage plants attracted fewer
parasitoids than savory, probably due to the difficulty of small parasitic wasps entering
the long-tubed flowers of sage [65,66] and/or the low sugar concentration of its nectar [67].
The Ligurian leafthopper abundance did not correspond with an abundance of its parasitoid
Anagrus spp. on the sage hedgerow as it did in the rosemary hedgerow, an observation
that might be worth investigating further for a potential tri-trophic (host plant-herbivore-
parasitoid) interaction. Oregano attracted the lowest number of parasitoid individuals,
showing a few population peaks only during the flowering period (late May to June),
but no data on its nectar attractiveness are available in the literature. In the case of weed
vegetation, we consider that low numbers of parasitic Hymenoptera correspond to the poor
flowering of the weed species during both sampling periods.

The most abundant parasitoid family in all field margins, on aromatic plants and
on weed vegetation, was Scelionidae. The family includes egg parasitoids, which have a
wide host range and are efficient biological control agents of pentatomid agricultural pests
(Hemiptera: Pentatomidae) [68]. Several other parasitoid families recorded on the field
margins include parasitoids, which are efficient biological control agents of citrus pests. The
Eulophids Citrostichus phyllocnistoides (Narayanan), Neochrysocharis formosa (Westwood),
and Pnigalio spp., which were attracted mostly by savory plants and weeds, are efficient
parasitoids of the citrus leafminer P. citrella [24,69,70]. Cales noacki Howard, a parasitoid
of the woolly whitefly A. floccosus, Aphytis spp., parasitoids of the California red scale
A. aurantii, and other scale insects, along with other aphelinids, were attracted mostly
by savory and sage plants [24]. Savory, sage, and weed vegetation attracted Braconidae,
especially Aphidiinae, which are efficient in controlling citrus aphids [71]. Encyrtids, which
are also important for biological control of citrus pests such as P. citrella, scale insects,
and the citrus flower moth, Prays citri (Lepidoptera: Hyponomeutidae), were present on
aromatic plants [24]. As mentioned before, rosemary plants harbored high numbers of
Mymaridae, egg parasitoids of insect pests, including Auchenorrhyncha [72].

The orange trees of the organic orchard RO(ORG) had the highest abundance of
parasitic Hymenoptera in both years of rosemary hedgerows in the field margins. The
communities of parasitoid wasps in all orchards were dominated by the families Encyrtidae,
Braconidae, Scelionidae, Aphelinidae, and Eulophidae. Our results are in agreement with
similar observations on the community structure of parasitoids in citrus orchards of the
Iberian Peninsula [73].

Considering predators, in the first year of the aromatic plant hedgerows in the or-
chards (2021), weed vegetation harbored significantly more spiders than the aromatic
plant hedgerows, while in 2022, the fully grown aromatic plants hosted far more spider
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individuals. Rosemary had the highest abundance of arachnids, while sage had the low-
est. Rosemary shrubs planted around greenhouses have been shown to support a high
abundance of spiders [74]. The spider communities consisted mainly of active hunters (e.g.,
Oxyopidae, Salticidae, Thomisidae, Philodromidae, Cheiracanthiidae, Sparassidae) and
secondarily of web-builders (e.g., Araneidae, Theridiidae, Linyphiidae, Tetragnathidae,
Uloboridae) [75]. Aromatic plants were colonized mostly by lynx spiders (Oxyopidae),
diurnal wandering spiders that prey on a wide variety of insect pests [76]. In contrast,
web-builders of the family Linyphiidae dominated on weed vegetation. Crab spiders
(Thomisidae) had a strong presence both in field margins and on orange trees. These
ambush predators are abundant in orchards and prey on many pests, such as spider mites
and aphids [76]. Philodromidae and Theridiidae were collected from both field margins
and orange trees, but in small numbers.

On orange trees, arachnids were most abundant in the savory orchard in both sam-
pling periods. The polyphagous jumping spiders (Salticidae) were the dominant group
in all orchards. The web-building spider guild was represented mainly by common orb
weavers (Araneidae), which are widely abundant in orchards and trap mostly dipteran
and homopteran pests on their webs [76]. Several spiders have been reported as predators
of citrus pests, including fruit flies, aphids, whiteflies, scale insects, and moths [77-80].
Cheiracanthium mildei Koch (Cheiracanthiidae), a common predator of scale insects and
the medfly C. capitata, was present on aromatic plants and orange trees [81,82]. Oxyopes
heterophthalmus (Latreille), O. lineatus Latreille (Oxyopidae), Agyneta sp. (Linyphyidae),
Runcinia grammica (Koch), Xysticus sp. (Thomisidae), Icius hamatus (Koch), Heliophanus spp.,
Thyene imperialis (Rossi) (Salticidae), Mangora acalypha (Walckenaer) (Araneidae), and Olios
argelasius (Walckenaer) (Sparassidae) are some spider taxa collected during our study which
are commonly found in citrus and other fruit orchards [83-86]. Harvestmen (Opiliones)
were found only in field margins and in low numbers.

The abundance and diversity profile of insect predators on the aromatic plants/weed
vegetation, and orange trees in the respective orchards differed from that of the arachnids.
Predatory insects were most abundant on oregano and sage than on the other aromatic
plant species and weeds, while the lowest abundance was observed on rosemary. Oregano,
sage, and weeds attracted mostly zoophytophagous Mirids such as Macrolophus spp., which
are efficient biological control agents of soft-bodied pests [87]. Sage and savory hedgerows
attracted mainly pirate bugs, Orius spp. (Anthocoridae), which are generalist predators
very effective in thrips control [88]. The attraction of Orius spp. to aromatic flowering
plants of the Lamiaceae family has also been reported in other studies [89].

Coccinellid predators, including the specific predator Icerya purchasi Maskell (Hemiptera:
Monophlebidae), Rodolia cardinalis (Mulsant), and the generalist predators of aphids and
scale insects, Scymnus spp., were present on sage and rosemary hedgerows, although in low
numbers [73]. Elekcioglu [90] reported a great number of ladybug species (Coccinellidae)
found on aromatic and medicinal plants of the Lamiaceae family. Sage and rosemary
hedgerows in our study also hosted lacewings (Chrysopidae), earwigs (Dermaptera),
and soldier beetles (Cantharidae). Lacewings are polyphagous predators and important
biological control agents for aphids and other soft-bodied phytophagous insects [91]. In
the second sampling period (2022), the fully grown rosemary plants hosted the European
mantid, Mantis religiosa L. (Mantodea: Mantidae), a large solitary predator that prefers
woody plants as roosting substrate [92].

Predatory insects in both sampling periods were most abundant on orange trees in
the RO(ORG), RO(IPM), and SV orchards. In all orchards, the communities of predaceous
insects consisted mainly of Neuroptera (mainly Chrysopidae), Dermaptera, and Coleoptera.
Omnivorous species, such as the European earwig Forficula auricularia L. (Dermaptera: For-
ficulidae) and the red soldier beetle Rhagonycha fulva (Scopoli) (Coleoptera: Cantharidae),
which represented high proportions of the samples, are well known predators of aphids
and other small insects [93,94]. Coccinellid predators were found on orange trees in all
study orchards. Mantodea were also present mostly in the rosemary RO(ORG), RO(IPM),
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and savory (SV) orchard. The neuropteran predator, Conwentzia psociformis (Curtis) (Co-
niopterygidae), that was present on orange trees of all orchards except for those with field
margins of bare soil (BS) and sage (SG), and it was not found in the field margins, preys on
citrus aphids, scale insects, and spider mites [95,96].

Natural enemy communities showed changes over time since the first year of the
hedgerows’ establishment, probably due to the different ways of dispersal of the different
functional groups. We assume that walking arthropods such as spiders or large predators
such as Mantodea must have taken longer to colonize the hedgerows than the flying ones
(Hymenoptera parasitoids). Thus, their abundance increased in the second year of the
hedgerows’ presence in the orange fields. Moreover, we consider that the movement of
natural enemies between the orange trees and the field margins has led to an increase in the
similarity of these communities in the second year. Moreover, the impact of the aromatic
plant hedgerows on conservation of natural enemies of pests in relation to the weed flora
in the field margins in the baseline year varied with the plant species and the natural
enemy group, i.e., sage plants favored predatory insects but harbored low populations of
Hymenoptera parasitoids compared to the main flowering weed species, M. chamomilla and
R. raphanistrum; savory plants had a positive effect on the abundance of parasitoids and
arachnid predators; rosemary hedgerows served as a most favorable habitat for spiders
in comparison to the pre-existing weed cover. It is worth mentioning that no adverse
effects, such as outbreaks of common citrus pests or the introduction of a new pest, were
recorded on the crop after the establishment of the aromatic plant hedgerows. Overall,
our findings support the implementation of aromatic plants in conservation practices for
natural enemies of arthropod pests in citrus orchards and possibly incorporating suitable
wild flowering species of the weed flora. Further research should focus on the delivery of
biological control services from the aromatic plant hedgerows to the crop.

5. Conclusions

The present study examined the potential of hedgerows from Mediterranean aromatic
plant species, i.e., oregano, rosemary, sage, and savory, in orange field margins to function
as reservoirs of natural enemies of citrus pests in comparison to the common management
practice of bare soil or weed vegetation. The impact of the aromatic plant hedgerows on
the conservation of parasitoid wasps, spiders, and predators of insect pests varied with
the aromatic plant species and natural enemy group. Savory attracted more parasitoids
compared to weed vegetation and the other aromatic plants (savory > organic rosemary
> sage > oregano). Weed vegetation hosted more arachnid predators than the aromatic
plant hedgerows in their first year in the orchard, but this was reversed with the fully
grown plants in the following year (most abundant on rosemary). Oregano and sage favor
insect predators. The similarity of natural enemy communities on the field margins and on
the orange trees seems to increase with time, indicating the insects’ movement between
the field margins and the trees. The results support the use of the tested aromatic plant
species in conservation practices for targeted groups of beneficial arthropods in orange
orchards, considering also the possible incorporation of suitable wild flowering plants from
the weed flora.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/insects14040391/s1, Table S1: Plant protection interventions in the
orange orchards (BS, WV, SG, OR, SV, RO(ORG), and RO(IPM)) during the study; Table S2: Natural
enemies (taxa) recorded in the field margins (FM) and on orange trees (OT) of the experimental
orchards (BS, WV, SG, OR, SV, RO(ORG), and RO(IPM)) during the study; Table S3: Mean number
(£SE) of natural enemies (parasitoids, arachnid predators, and insect predators) in field margins in
four orange orchards (WV, SG, SV, and RO(IPM)) at the baseline year 2020 (field margin management
using the usual farmers’ practice); Table S4: Mean number (£SE) of natural enemies (parasitoids,
arachnid predators, and insect predators) on orange trees in seven orchards (BS, WV, SG, OR, SV,
RO(ORG), and RO(IPM)) at the baseline year 2020 (field margin management using the usual farmers’
practice); Table S5: Mean number (+SE) of natural enemies (parasitoids, arachnid predators, and
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insect predators) in field margins in orange orchards with different field margin management during
April-June 2021; Table S6: Mean number (£SE) of natural enemies (parasitoids, arachnid predators,
and insect predators) on orange trees in orchards with different field margin management during
April-June 2021; Table S7: Mean number (£SE) of natural enemies (parasitoids, arachnid predators,
and insect predators) in field margins in orange orchards with different field margin management
during April-June 2022; Table S8: Mean number (+SE) of natural enemies (parasitoids, arachnid
predators, and insect predators) on orange trees in orchards with different field margin management
during April-June 2022.

Author Contributions: Conceptualization, FK. and V.K.; methodology, FK. and V.K.; formal analysis,
T.S.; investigation, T.S., L.E., T.A. and M.B,; resources, FK. and V.K; data curation, T.S.; writing—
original draft preparation, T.S., M.B. and EK.; writing—review and editing, T.S., L.E., M.B., VK. and
FK.; visualization, T.S. and FK.; supervision, FK.; project administration, EK.; funding acquisition,
FK. and VK. All authors have read and agreed to the published version of the manuscript.

Funding: Financial support has been provided by PRIMA (grant number 1812/PLANT-B), a program
supported by the European Union.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding authors.

Acknowledgments: We would like to thank all those who have contributed to this work, and
especially the agronomists Dimitrios Dimou and Vasileios Tobras for their support in the selection of
experimental orchards, the communication with farmers, and agronomic and labor works for the
establishment and conservation of the aromatic plants. Special thanks also to farmers George Bekiaris,
Christos Gamvroulas, Epameinontas Mavrogiannis, Vasileios Ntokos, Michael Papanikolaou, and
Christos Poulos for providing the orange orchards and for the collaboration. We are thankful to
the Prima Foundation for their understanding regarding the restrictions in transport, access to the
laboratories etc., during the COVID-19 pandemic and to the Benaki Phytopathological Institute for
providing appropriate documentation in order to travel to the fields during the pandemic lockdowns.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Bommarco, R.; Kleijn, D.; Potts, S.G. Ecological intensification: Harnessing ecosystem services for food security. Trends Ecol. Evol.
2013, 28, 230-238. [CrossRef] [PubMed]

2. Wezel, A.; Goris, M.; Bruil, ].; Felix, G.E,; Peeters, A.; Barberi, P.; Bellon, S.; Migliorini, P. Challenges and Action Points to Amplify
Agroecology in Europe. Sustainability 2018, 10, 1598. [CrossRef]

3. Geiger, F.; Wackers, F.L.; Bianchi, FJ.J.A. Hibernation of Predatory Arthropods in Semi-Natural Habitats. BioControl 2009, 54,
529-535. [CrossRef]

4. Meek, B,; Loxton, D.; Sparks, T.; Pywell, R.; Pickett, H.; Nowakowski, M. The Effect of Arable Field Margin Composition on
Invertebrate Biodiversity. Biol. Conserv. 2002, 106, 259-271. [CrossRef]

5. Lavandero, B.; Wratten, S.D.; Didham, R.K,; Gurr, G. Increasing Floral Diversity for Selective Enhancement of Biological Control
Agents: A Double-Edged Sward? Basic Appl. Ecol. 2006, 7, 236—243. [CrossRef]

6. Isaacs, R.; Tuell, J.; Fiedler, A.; Gardiner, M.; Landis, D. Maximizing Arthropod-Mediated Ecosystem Services in Agricultural
Landscapes: The Role of Native Plants. Front. Ecol. Environ. 2009, 7, 196-203. [CrossRef]

7. Altieri, M.A.; Letourneau, D.K. Vegetation Management and Biological Control in Agroecosystems. Crop Prot. 1982, 1, 405-430.
[CrossRef]

8. Wyss, E. The Effects of Weed Strips on Aphids and Aphidophagous Predators in an Apple Orchard. Entomol. Exp. Appl. 1995, 75,
43-49. [CrossRef]

9. Landis, D.A.; Wratten, S.D.; Gurr, G.M. Habitat Management to Conserve Natural Enemies of Arthropod Pests in Agriculture.
Annu. Rev. Entomol. 2000, 45, 175-201. [CrossRef]

10. Boller, E.F; Héni, F.; Poehling, H.-M. Ecological Infrastructures: Ideabook on Functional Biodiversity at the Farm Level. In
Ecological Infrastructures: Ideabook on Functional Biodiversity at the Farm Level; Landwirtschaftliche Beratungszentrale Lindau:
Lindau, Switzerland, 2004.

11.  Gurr, G.M.; Wratten, S.D.; Altieri, M.A. Ecological Engineering for Pest Management: Advances in Habitat Manipulation for Arthropods;

CSIRO Publishing: Collingwood, VI, Australia, 2004.


https://doi.org/10.1016/j.tree.2012.10.012
https://www.ncbi.nlm.nih.gov/pubmed/23153724
https://doi.org/10.3390/su10051598
https://doi.org/10.1007/s10526-008-9206-5
https://doi.org/10.1016/S0006-3207(01)00252-X
https://doi.org/10.1016/j.baae.2005.09.004
https://doi.org/10.1890/080035
https://doi.org/10.1016/0261-2194(82)90023-0
https://doi.org/10.1111/j.1570-7458.1995.tb01908.x
https://doi.org/10.1146/annurev.ento.45.1.175

Insects 2023, 14, 391 18 of 21

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ricketts, T.H.; Regetz, ].; Steffan-Dewenter, I.; Cunningham, S.A.; Kremen, C.; Bogdanski, A.; Gemmill-Herren, B.; Greenleaf, S.S.;
Klein, A.M.; Mayfield, M.M.; et al. Landscape Effects on Crop Pollination Services: Are There General Patterns? Ecol. Lett. 2008,
11, 499-515. [CrossRef]

Tscharntke, T.; Bommarco, R.; Clough, Y.; Crist, T.O.; Kleijn, D.; Rand, T.A,; Tylianakis, ].M.; Nouhuys, S5.V,; Vidal, S. Conservation
biological control and enemy diversity on a landscape scale. Biol. Control 2007, 43, 294-309. [CrossRef]

Holland, J.M.; Bianchi, EJ.; Entling, M.H.; Moonen, A.-C.; Smith, B.M.; Jeanneret, P. Structure, Function and Management of
Semi-Natural Habitats for Conservation Biological Control: A Review of European Studies. Pest Manag. Sci. 2016, 72, 1638-1651.
[CrossRef]

Holland, J.M.; Douma, J.C.; Crowley, L.; James, L.; Kor, L.; Stevenson, D.R.-W.; Smith, B.M. Semi-Natural Habitats Support
Biological Control, Pollination and Soil Conservation in Europe. A Review. Agron. Sustain. Dev. 2017, 37, 31. [CrossRef]

Ehler, L. Chapter 1—Conservation Biological Control: Past, Present, and Future. In Conservation Biological Control; Barbosa, P., Ed.;
Academic Press: San Diego, CA, USA, 1998; pp. 1-8.

Pell, ].K.; Hannam, ].J.; Steinkraus, D.C. Conservation Biological Control Using Fungal Entomopathogens. BioControl 2010, 55,
187-198. [CrossRef]

Seastedt, T.R. Biological Control: Perspectives for Maintaining Provisioning Services in the Anthropocene. In Integrated Pest
Management: Pesticide Problems, Vol. 3; Pimentel, D., Peshin, R., Eds.; Springer: Dordrecht, The Netherlands, 2014; pp. 269-280.
Begg, G.S.; Cook, S.M.; Dye, R; Ferrante, M.; Franck, P; Lavigne, C.; Lovei, G.L.; Mansion-Vaquie, A.; Pell, ] K.; Petit, S.; et al. A
Functional Overview of Conservation Biological Control. Crop Prot. 2017, 97, 145-158. [CrossRef]

Barbosa, P.A. Conservation Biological Control; Academic Press: San Diego, CA, USA, 1998.

Garrido, A.; Ventura, J.J. Plagas de los Citricos. Bases Para el Manejo Integrado; Ministerio de Agricultura, Pesca y Alimentacion:
Madrid, Spain, 1993.

Lacirignola, C.; D’Onghia, A.M. The Mediterranean citriculture: Productions and perspectives. In Citrus Tristeza Virus and
Toxoptera Citricidus: A Serious Threat to the Mediterranean Citrus Industry; D’Onghia, A.M., Djelouah, K., Roistacher, C.N., Eds.;
CIHEAM: Bari, Italy, 2009; pp. 13-17.

Triantafyllidis, V.; Zotos, A.; Kosma, C.; Kokkotos, E. Environmental Implications from Long-Term Citrus Cultivation and Wide
Use of Cu Fungicides in Mediterranean Soils. Water Air Soil Pollut. 2020, 231, 218. [CrossRef]

Karamaouna, F.; Mylonas, P.; Papachristos, D.; Kontodimas, D.; Michaelakis, A.; Kapaxidi, E. Main Arthropod Pests of Citrus
Culture and Pest Management in Greece. In Integrated Management of Arthropod Pests and Insect Borne Diseases; Ciancio, A., Mukerji,
K.G,, Eds.; Integrated Management of Plant Pests and Diseases; Springer: Dordrecht, The Netherlands, 2010; pp. 29-59.
Kapantaidaki, D.E.; Antonatos, S.; Kontodimas, D.; Milonas, P.; Papachristos, D.P. Presence of the Invasive Whitefly Aleurocanthus
spiniferus (Hemiptera: Aleyrodidae) in Greece. EPPO Bull. 2019, 49, 127-131. [CrossRef]

Jacas, ].A.; Urbaneja, A. Biological Control in Citrus in Spain: From Classical to Conservation Biological Control. In Integrated
Management of Arthropod Pests and Insect Borne Diseases; Ciancio, A., Mukerji, K.G., Eds.; Integrated Management of Plant Pests
and Diseases; Springer: Dordrecht, The Netherlands, 2010; pp. 61-72.

Aucejo, S.; Foo, M.; Gimeno, E.; Gomez-Cadenas, A.; Monfort, R.; Obiol, F; Prades, E.; Ramis, M.; Ripolles, J.L.; Tirado, V.; et al.
Management of Tetranychus urticae in citrus in Spain: Acarofauna associated to weeds. IOBC-WPRS Bull. 2003, 26, 213-220.
Aguilar-Fenollosa, E.; Ibafiez-Gual, M.V.; Pascual-Ruiz, S.; Hurtado, M.; Jacas, J.A. Effect of Ground-Cover Management on
Spider Mites and Their Phytoseiid Natural Enemies in Clementine Mandarin Orchards (II): Top-down Regulation Mechanisms.
Biol. Control 2011, 59, 171-179. [CrossRef]

Aguilar-Fenollosa, E.; Ibafiez-Gual, M.V.; Pascual-Ruiz, S.; Hurtado, M.; Jacas, J.A. Effect of Ground-Cover Management on
Spider Mites and Their Phytoseiid Natural Enemies in Clementine Mandarin Orchards (I): Bottom-up Regulation Mechanisms.
Biol. Control 2011, 59, 158-170. [CrossRef]

Aguilar-Fenollosa, E.; Pascual-Ruiz, S.; Hurtado, M.A.; Jacas, J.A. Efficacy and Economics of Ground Cover Management as
a Conservation Biological Control Strategy against Tetranychus urticae in Clementine Mandarin Orchards. Crop Prot. 2011, 30,
1328-1333. [CrossRef]

Aguilar-Fenollosa, E.; Pina, T.; Gémez-Martinez, M. A.; Hurtado, M.A.; Jacas, ].A. Does Host Adaptation of Tetranychus urticae
Populations in Clementine Orchards with a Festuca arundinacea Cover Contribute to a Better Natural Regulation of This Pest
Mite? Entomol. Exp. Appl. 2012, 144, 181-190. [CrossRef]

Cruz-Miralles, J.; Guzzo, M.; Ibafiez-Gual, M.V.; Dembilio, O.; Jaques, J.A. Ground-Covers Affect the Activity Density of
Ground-Dwelling Predators and Their Impact on the Mediterranean Fruit Fly, Ceratitis Capitata. BioControl 2022, 67, 583-592.
[CrossRef]

Parolin, P; Bresch, C.; Desneux, N.; Brun, R.; Bout, A.; Boll, R.; Poncet, C. Secondary Plants Used in Biological Control: A Review.
Int. ]. Pest Manag. 2012, 58, 91-100. [CrossRef]

Baggen, L.R.; Gurr, G.M. The Influence of Food On Copidosoma koehleri (Hymenoptera: Encyrtidae), and the Use of Flowering
Plants as a Habitat Management Tool to Enhance Biological Control of Potato Moth, Phthorimaea operculella (Lepidoptera:
Gelechiidae). Biol. Control 1998, 11, 9-17. [CrossRef]

Marshall, E.J.P.; Moonen, A.C. Field Margins in Northern Europe: Their Functions and Interactions with Agriculture. Agric.
Ecosyst. Environ. 2002, 89, 5-21. [CrossRef]


https://doi.org/10.1111/j.1461-0248.2008.01157.x
https://doi.org/10.1016/j.biocontrol.2007.08.006
https://doi.org/10.1002/ps.4318
https://doi.org/10.1007/s13593-017-0434-x
https://doi.org/10.1007/s10526-009-9245-6
https://doi.org/10.1016/j.cropro.2016.11.008
https://doi.org/10.1007/s11270-020-04577-z
https://doi.org/10.1111/epp.12533
https://doi.org/10.1016/j.biocontrol.2011.06.012
https://doi.org/10.1016/j.biocontrol.2011.06.013
https://doi.org/10.1016/j.cropro.2011.05.011
https://doi.org/10.1111/j.1570-7458.2012.01276.x
https://doi.org/10.1007/s10526-022-10168-0
https://doi.org/10.1080/09670874.2012.659229
https://doi.org/10.1006/bcon.1997.0566
https://doi.org/10.1016/S0167-8809(01)00315-2

Insects 2023, 14, 391 19 of 21

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Ambrosino, M.D.; Luna, ].M.; Jepson, P.C.; Wratten, S.D. Relative Frequencies of Visits to Selected Insectary Plants by Predatory
Hoverflies (Diptera: Syrphidae), Other Beneficial Insects, and Herbivores. Environ. Entomol. 2006, 35, 394-400. [CrossRef]
Carvell, C.; Meek, W.R.; Pywell, R.E,; Goulson, D.; Nowakowski, M. Comparing the Efficacy of Agri-Environment Schemes to
Enhance Bumble Bee Abundance and Diversity on Arable Field Margins. J. Appl. Ecol. 2007, 44, 29-40. [CrossRef]

Carvalheiro, L.G.; Seymour, C.L.; Nicolson, S.W.; Veldtman, R. Creating Patches of Native Flowers Facilitates Crop Pollination in
Large Agricultural Fields: Mango as a Case Study. J. Appl. Ecol. 2012, 49, 1373-1383. [CrossRef]

van Rijn, P.C.J.; Kooijman, J.; Wéackers, FEL. The Contribution of Floral Resources and Honeydew to the Performance of Predatory
Hoverflies (Diptera: Syrphidae). Biol. Control 2013, 67, 32-38. [CrossRef]

Blaauw, B.R.; Isaacs, R. Flower Plantings Increase Wild Bee Abundance and the Pollination Services Provided to a Pollination-
Dependent Crop. J. Appl. Ecol. 2014, 51, 890-898. [CrossRef]

Campbell, A.].; Wilby, A.; Sutton, P.; Wackers, F.L. Do Sown Flower Strips Boost Wild Pollinator Abundance and Pollination
Services in a Spring-Flowering Crop? A Case Study from UK Cider Apple Orchards. Agric. Ecosyst. Environ. 2017, 239, 20-29.
[CrossRef]

Karamaouna, F; Kati, V.; Volakakis, N.; Varikou, K.; Garantonakis, N.; Economou, L.; Birouraki, A.; Markellou, E.; Liberopoulou,
S.; Edwards, M. Ground Cover Management with Mixtures of Flowering Plants to Enhance Insect Pollinators and Natural
Enemies of Pests in Olive Groves. Agric. Ecosyst. Environ. 2019, 274, 76-89. [CrossRef]

Kati, V.; Karamaouna, F.; Economou, L.; Mylona, P.V.; Samara, M.; Mitroiu, M.-D.; Barda, M.; Edwards, M.; Liberopoulou, S.
Sown Wildflowers Enhance Habitats of Pollinators and Beneficial Arthropods in a Tomato Field Margin. Plants 2021, 10, 1003.
[CrossRef]

Karamaouna, E; Kati, V.; Economou, L.; Troyanos, G.; Samara, M.; Liberopoulou, S.; Barda, M.; Mitroiu, M.-D.; Edwards, M.
Selected Flowering Plants as a Habitat for Pollinators and Natural Enemies in Field Margins of a Watermelon Crop—Implications
for Crop Yield. Int. ]. Pest Manag. 2022, 0, 1-17. [CrossRef]

Barda, M.; Karamaouna, F; Kati, V.; Perdikis, D. Do Patches of Flowering Plants Enhance Insect Pollinators in Apple Orchards?
Insects 2023, 14, 208. [CrossRef]

Karpinski, T.M. Essential Oils of Lamiaceae Family Plants as Antifungals. Biomolecules 2020, 10, 103. [CrossRef]

Xie, Y,; Tian, L.; Han, X.; Yang, Y. Research Advances in Allelopathy of Volatile Organic Compounds (VOCs) of Plants. Horticulturae
2021, 7, 278. [CrossRef]

Hatt, S.; Xu, Q.; Francis, F.; Osawa, N. Aromatic Plants of East Asia to Enhance Natural Enemies towards Biological Control of
Insect Pests. A Review. Entomol. Gen. 2019, 38, 275-315. [CrossRef]

Schippmann, U.; Cunningham, A.B.; Leaman, D.]. Impact of Cultivation and Gathering of Medicinal Plants on Biodiversity:
Global Trends and Issues. In Biodiversity and the Ecosystem Approach in Agriculture, Forestry and Fisheries; FAO: Rome, Italy, 2003;
pp. 140-167.

Hogg, B.N.; Bugg, R.L.; Daane, K.M. Attractiveness of Common Insectary and Harvestable Floral Resources to Beneficial Insects.
Biol. Control 2011, 56, 76-84. [CrossRef]

Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Valentine, D.H.; Walters, S.M.; Webb, D.A. Flora Europaea v. 1; CambridgeUniversity
Press: Cambridge, UK, 1964.

Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Valentine, D.H.; Walters, S.M.; Webb, D.A. Flora Europaea v. 2; CambridgeUniversity
Press: Cambridge, UK, 1968.

Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Valentine, D.H.; Walters, S.M.; Webb, D.A. Flora Europaea v. 3; CambridgeUniversity
Press: Cambridge, UK, 1972.

Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Valentine, D.H.; Walters, S.M.; Webb, D.A. Flora Europaea v. 4; CambridgeUniversity
Press: Cambridge, UK, 1976.

Tutin, T.G.; Heywood, V.H.; Burges, N.A.; Valentine, D.H.; Walters, S.M.; Webb, D.A. Flora Europaea v. 5; CambridgeUniversity
Press: Cambridge, UK, 1980.

Goulet, H.; Huber, ].T. (Eds.) Hymenoptera of the World: An Identification Guide to Families; Centre for Land and Biological Resources
Research: Ottawa, ON, Canada, 1993.

Triplehorn, C.A.; Johnson, N.E; Borror, D.J. Borror and Delong’s Introduction to the Study of Insects, 7th ed.; Thompson Brooks/Cole:
Belmont, CA, USA, 2005.

Gloor, D.; Blick, T.; Nentwig, W.; Kropf, C.; Hanggi, A. Spiders of Europe. Available online: https://www.araneae.nmbe.ch
(accessed on 6 February 2023).

SAS Institute Inc. JMP v7; SAS Institute Inc.: Cary, NC, USA. Available online: https://www.jmp.com/en_ph/company/aboutus.
html (accessed on 6 February 2023).

Hammer, &.; Harper, D.A.T.; Ryan, P.D. PAST: Paleontological Statistics Software Package for Education and Data Analysis.
Palaeontol. Electron. 2001, 4, 9.

Dafni, H.; Lensky, Y.; Fahn, A. Flower and Nectar Characteristics of Nine Species of Labiatae and Their Influence on Honeybee
Visits. J. Apic. Res. 1988, 27, 103-114. [CrossRef]

Wilson, H.; Miles, A.F,; Daane, K.M.; Altieri, M.A. Host Plant Associations of Anagrus spp. (Hymenoptera: Mymaridae) and
Erythroneura elegantula (Hemiptera: Cicadellidae) in Northern California. Environ. Entomol. 2016, 45, 602-615. [CrossRef]
[PubMed]


https://doi.org/10.1603/0046-225X-35.2.394
https://doi.org/10.1111/j.1365-2664.2006.01249.x
https://doi.org/10.1111/j.1365-2664.2012.02217.x
https://doi.org/10.1016/j.biocontrol.2013.06.014
https://doi.org/10.1111/1365-2664.12257
https://doi.org/10.1016/j.agee.2017.01.005
https://doi.org/10.1016/j.agee.2019.01.004
https://doi.org/10.3390/plants10051003
https://doi.org/10.1080/09670874.2022.2055194
https://doi.org/10.3390/insects14020208
https://doi.org/10.3390/biom10010103
https://doi.org/10.3390/horticulturae7090278
https://doi.org/10.1127/entomologia/2019/0625
https://doi.org/10.1016/j.biocontrol.2010.09.007
https://www.araneae.nmbe.ch
https://www.jmp.com/en_ph/company/aboutus.html
https://www.jmp.com/en_ph/company/aboutus.html
https://doi.org/10.1080/00218839.1988.11100788
https://doi.org/10.1093/ee/nvw033
https://www.ncbi.nlm.nih.gov/pubmed/27106818

Insects 2023, 14, 391 20 of 21

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Nickel, H.; Holzinger, W. Rapid Range Expansion of Ligurian Leathopper, Eupteryx decemnotata Rey, 1891 (Hemiptera: Cicadelli-
dae), a Potential Pest of Garden and Greenhouse Herbs, in Europe. Russ. Entomol. J. 2006, 15, 295-301.

Tasi, A.; Lucky, A. Ligurian Leafhopper Eupteryx decemnotata (Rey) (Insecta: Hemiptera: Cicadellidae: Typhlocybinae):
EENY750/IN1290, 3/2020. EDIS 2020, 2020, 4. [CrossRef]

Orr, D.B.; Pleasants, ].M. The Potential of Native Prairie Plant Species to Enhance the Effectiveness of the Ostrinia Nubilalis
Parasitoid Macrocentrus Grandii. J. Kans. Entomol. Soc. 1996, 69, 133-143.

Macukanovié¢-Jocié, M.; Stevanovi¢, Z.D.; Mladenovié, M.; Joci¢, G. Flower Morphophysiology of Selected Lamiaceae Species in
Relation to Pollinator Attraction. J. Apic. Res. 2011, 50, 89-101. [CrossRef]

Aronne, G.; Malara, P. Fiber-Optic Refractometer for in Vivo Sugar Concentration Measurements of Low-Nectar-Producing
Flowers. New Phytol. 2019, 224, 987-993. [CrossRef]

Samin, N.; Asgari, S. A study on the fauna of Scelionid wasps (Hymenoptera: Platygastroidea: Scelionidae) in the Isfahan
province, Iran. Arch. Biol. Sci. 2012, 64, 1073-1077. [CrossRef]

Garcia-Mari, F,; Vercher, R.; Costa-Comelles, J.; Marzal, C.; Villalba, M. Establishment of Citrostichus phyllocnistoides (Hymenoptera:
Eulophidae) as a Biological Control Agent for the Citrus Leafminer Phyllocnistis citrella (Lepidoptera: Gracillariidae) in Spain. Biol.
Control 2004, 29, 215-226. [CrossRef]

Tsagkarakis, A.E.; Kalaitzaki, A.P.; Lykouressis, D.P. Phyllocnistis citrella and Its Parasitoids in Three Citrus Species in Greece.
Phytoparasitica 2013, 41, 23-29. [CrossRef]

Kavallieratos, N.G.; Athanassiou, C.G.; Stathas, G.].; Tomanovi¢, Z. Aphid Parasitoids (Hymenoptera: Braconidae: Aphidiinae)
on Citrus: Seasonal Abundance, Association with the Species of Host Plant, and Sampling Indices. Phytoparasitica 2002, 30,
365-377. [CrossRef]

Waloff, N.; Jervis, M.A. Communities of Parasitoids Associated with Leafthoppers and Planthoppers in Europe. In Advances in
Ecological Research; Macfadyen, A., Ford, E.D., Eds.; Academic Press: Cambridge, MA, USA, 1987; Volume 17, pp. 281-376.
Puig, J.; Gavara, J.; Avalos Maso, J.A.; Soler, ].M.; Garcia-Mari, F. Abundance of natural enemies in citrus of the Iberian Peninsula:
Geographical distribution and seasonal trend. IOBC-WPRS Bull. 2018, 132, 68-75.

Cotes, B.; Gonzalez, M.; Benitez, E.; De Mas, E.; Clemente-Orta, G.; Campos, M.; Rodriguez, E. Spider Communities and Biological
Control in Native Habitats Surrounding Greenhouses. Insects 2018, 9, 33. [CrossRef]

Cardoso, P.; Pekar, S.; Jocqué, R.; Coddington, J.A. Global Patterns of Guild Composition and Functional Diversity of Spiders.
PLoS ONE 2011, 6, €21710. [CrossRef]

Bogya, S. Spiders (Araneae) as Polyphagous Natural Enemies in Orchards. Ph.D. Thesis, Wangenigen University & Research,
Wangenigen, The Netherlands, 1999.

Cherry, R.; Dowell, R.V. Predators of Citrus Blackfly [Hom.: Aleyrodidae]. Entomophaga 1979, 24, 385-391. [CrossRef]

van den Berg, M.A.; Dippenaar-Shoeman, A.S.; Deacon, V.E.; Anderson, S.H. Interactions between Citrus Psylla, Trioza erytreae
(Hem. Triozidae), and Spiders in an Unsprayed Citrus Orchard in the Transvaal Lowveld. Entomophaga 1992, 37, 599-608.
[CrossRef]

Smith, D.; Beattie, G.A.; Broadley, R. Citrus Pests and Their Natural Enemies: Integrated Pest Management in Australia; Department of
Primary Industries: Brisbane, Australia, 1997.

Amalin, D.M.; Reiskind, J.; Pefia, J.E.; McSorley, R. Predatory Behavior of Three Species of Sac Spiders Attacking Citrus Leafminer.
J. Arachnol. 2001, 29, 72-81. [CrossRef]

Mansour, F.; Whitecomb, W.H. The Spiders of a Citrus Grove in Israel and Their Role as Biocontrol Agents Of Ceroplastes floridensis
[Homoptera: Coccidae]. Entomophaga 1986, 31, 269-276. [CrossRef]

Kaspi, R. Attraction of Female Chiracanthium mildei (Araneae: Clubionidae) to Olfactory Cues from Male Mediterranean Fruit
Flies Ceratitis capitata (Diptera: Tephritidae). BioControl 2000, 45, 463-468. [CrossRef]

Bogya, S.; Szinetar, C.S.; Marko, V. Species Composition of Spider (Araneae) Assemblages in Apple and Pear Orchards in the
Carpathian Basin. Acta Phytopathol. Entomol. Hung. 1999, 34, 99-121.

Ribeiro, C.; Cardoso, P.; Franco, ].C. Abundance and diversity of spiders in lemon orchards with different weed management
systems. IOBC-WPRS Bull. 2006, 29, 167-177.

Ghavami, S.; Amooz, S.G. Spider (Order Araneae) Fauna of Citrus Orchards in Northern Part of Iran. J. Appl. Biol. Sci. 2008, 2,
73-76.

Barrientos, J.A.; Villalba Tordera, M.; Alvis Davila, L.; Garcia Mari, F. Identificacion y abundancia de arafias (Araneae) en los
cultivos de citricos valencianos. Bol. San. Veg. Plagas 2010, 36, 69-85.

Castafié, C.; Arng, J.; Gabarra, R.; Alomar, O. Plant Damage to Vegetable Crops by Zoophytophagous Mirid Predators. Biol.
Control 2011, 59, 22-29. [CrossRef]

Bosco, L.; Tavella, L. Distribution and Abundance of Species of the Genus Orius in Horticultural Ecosystems of Northwestern
Italy. Bull. Insect. 2013, 66, 297-307.

Alomar, O.; Gabarra, R.; Gonzélez, O.; Arng, ]. Selection of insectary plants for ecological infrastructure in Mediterranean
vegetable crops. IOBC-WPRS Bull. 2006, 29, 5-8.

Elekcioglu, N.Z. Species composition of Coccinellidae (Coleoptera) and their preys in Adana (Turkey) with observations on
potential host medicinal and aromatic plants. Appl. Ecol. Environ. Res. 2020, 18, 369-388. [CrossRef]


https://doi.org/10.32473/edis-in1290-2020
https://doi.org/10.3896/IBRA.1.50.2.01
https://doi.org/10.1111/nph.16084
https://doi.org/10.2298/ABS1203073S
https://doi.org/10.1016/S1049-9644(03)00155-5
https://doi.org/10.1007/s12600-012-0258-9
https://doi.org/10.1007/BF02979684
https://doi.org/10.3390/insects9010033
https://doi.org/10.1371/journal.pone.0021710
https://doi.org/10.1007/BF02374177
https://doi.org/10.1007/BF02372330
https://doi.org/10.1636/0161-8202(2001)029[0072:PBOTSO]2.0.CO;2
https://doi.org/10.1007/BF02373336
https://doi.org/10.1023/A:1026593004360
https://doi.org/10.1016/j.biocontrol.2011.03.007
https://doi.org/10.15666/aeer/1801_369388

Insects 2023, 14, 391 21 of 21

91.

92.

93.

94.

95.

96.

Pappas, M.L.; Broufas, G.D.; Koveos, D.S. Effects of Various Prey Species on Development, Survival and Reproduction of the
Predatory Lacewing Dichochrysa prasina (Neuroptera: Chrysopidae). Biol. Control 2007, 43, 163-170. [CrossRef]

Linn, C.A ; Griebeler, E.M. Habitat Preference of German Mantis religiosa Populations (Mantodea: Mantidae) and Implications for
Conservation. Environ. Entomol. 2016, 45, 829-840. [CrossRef] [PubMed]

Romeu-Dalmau, C.; Pifiol, J.; Agusti, N. Detecting Aphid Predation by Earwigs in Organic Citrus Orchards Using Molecular
Markers. Bull. Entomol. Res. 2012, 102, 566-572. [CrossRef]

Rodwell, L.E.; Day, ].J.; Foster, C.W.; Holloway, G.J. Daily Survival and Dispersal of Adult Rhagonycha fulva (Coleoptera:
Cantharidae) in a Wooded Agricultural Landscape. Eur. . Entomol. 2018, 115, 432—-436. [CrossRef]

Alvis, L.; Villalba, M.; Marzal, C.; Garcia-Mari, F. Identification and abundance of Neuropteran species associated with citrus
orchards in Valencia, Spain. IOBC-WPRS Bull. 2003, 26, 185-190.

Miller, G.L.; Oswald, J.D.; Miller, D.R. Lacewings and Scale Insects: A Review of Predator/Prey Associations Between the
Neuropterida and Coccoidea (Insecta: Neuroptera, Raphidioptera, Hemiptera). Ann. Entomol. Soc. Am. 2004, 97, 1103-1125.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.biocontrol.2007.07.006
https://doi.org/10.1093/ee/nvw056
https://www.ncbi.nlm.nih.gov/pubmed/27271947
https://doi.org/10.1017/S0007485312000132
https://doi.org/10.14411/eje.2018.043
https://doi.org/10.1603/0013-8746(2004)097[1103:LASIAR]2.0.CO;2

	Introduction 
	Materials and Methods 
	Experimental Fields and Establishment of Flowering Hedgerows 
	Flower and Plant Cover Measurements in Field Margins 
	Arthropod Presence Measurements 
	Statistical Analysis 

	Results 
	Baseline Year 
	After the Establishment of Hedgerows 
	Spatial and Temporal Patterns of Natural Enemies 
	Community Composition of Natural Enemies 
	Phytophagous Arthropods 


	Discussion 
	Conclusions 
	References

