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Abstract: Intensive soil tillage and the resulting erosion constitutes one of the main problems in
olive growing. Palliative practices such as implementing vegetable covers are encouraged. Recently,
the method of adding inert green roofs to the soil, either alone or in combination with adventitious
vegetation, has stood out. Assessing this agronomic measure is our main objective. This research
was conducted in 2022 in the Jaén province (southern Spain), wherein olive groves with different
managements were selected: (i) conventional, free from vegetation, (ii) ecologically managed olive
grove containing a cover of adventitious vegetation (VC), and (iii) ecologically managed olive grove in
which the remains of pruning are added to the adventitious cover (VC-MIX). Vegetation inventories
and beneficial insect monitoring were performed using a combined device with chromatic and
olfactory trapping. The olive moth (Prays oleae) and lacewing predators were selected as the indicator
species. Both the beneficial insect diversity and relative plant abundance were higher in the VC-MIX,
where the highest rates of predation by lacewings were found (88%). In turn, these parameters in
the VC olive surpassed those of the conventional olive grove. The factors involved in the notable
differences between the three management types are discussed.

Keywords: olive growing; biodiversity; herbaceous adventitious covers; mixed green cover;
predators; parasitoids; Prays oleae; Chrysopidae

1. Introduction

Olive groves are one of the main woody crops in Spain, with approximately 2.75 mil-
lion hectares being dedicated to this crop [1]. The largest extension (1.6 million hectares) is
in the Andalusian region (southern Spain). Most olive oil production occurs in the province
of Jaén, with an average annual yield of around half a million tons [2].

In the Mediterranean area, between 40 and 60 species of phytophagous arthropods
have been recorded as almost permanently residing in olive groves [3-5]. However, there
is a more diverse community of beneficial species that are closely associated with this
entomofauna, whose predatory or parasitic activity contributes to the natural control of
the phytophagous species; therefore, they must be protected, despite the fact that their
action is still little known to farmers. Controlling pests in olive growing is based on ap-
plying synthetic pesticides, which have generated progressively impoverished animal
communities, notably affecting the natural enemy community [6,7]. Other consequences
include the appearance of new emerging pests and lineages resistant to conventional in-
secticides appearing [7-11]. In parallel, traditional intensive tillage practices have had
a very negative impact on flora and fauna diversity [12], thus affecting the soil fertility
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index [13]. Suppressing plant communities has impoverished the communities of predators
and parasitoids, which has led to a reduction in entomophagous activity, an increase in pest
populations, and a progressive dependence on synthetic pesticides. In addition, traditional
growing involves eradicating the herbaceous plant cover, leaving the soil unprotected
against rainfall-induced erosion [14-16] and causing significant economic damage to farms
and in adjacent areas [17]. To mitigate the effects of erosion, plant cover has been imple-
mented, either by allowing spontaneous herbaceous growth or by artificial planting [18].
However, farmers highlight plant cover’s most controversial facets, such as how it competes
with crops for water and nutrients, which is especially intense during water-scarce periods
(from mid-spring to early autumn), and the short duration of its protective effect [19],
thus prompting many farmers to question its beneficial effect. To mitigate this effect, the
herbaceous cover is periodically mowed mechanically, and the resulting residue is added
in situ, forming a layer that prevents excessive evapotranspiration during the summer
and protects the soil from erosion. A similar practice consists of incorporating the remains
from the olive grove pruning, which is previously crushed, into adventitious vegetation.
These remains are composed of fine branches (usually less than 5 cm in diameter) and
leaves [20]. Traditionally, these pruning residues have been burned in situ, which also
provides agronomic benefits in the following harvests. However, it has been pointed out
that this management involves environmental drawbacks derived from the emission of
polluting particles and gases into the atmosphere, which increase the greenhouse effects
and affect public health [21-23].

Since the effect of these new agronomic practices on beneficial entomofauna has not
been assessed yet, the main objective of this study is to provide data in this regard, partic-
ularly regarding their repercussions for communities of natural enemies of pests, paying
special attention to the predatory efficacy of the olive moth, Prays oleae Bern, by monitoring
green lacewings (Neuroptera: Chrysopidae), as their main natural predators [3,24,25].

2. Materials and Methods
2.1. Description of the Study Area

This study was carried out in olive groves in the province of Jaén (Andalusia, southern
Spain) during the spring of 2022. The specific area belongs to the olive groves located in
the farm “Virgen de los Milagros”, in the municipality of Mancha Real (Figure 1). Most of
the olive trees are between 80 and 100 years old and belong to the Picual variety, cultivated
under irrigation and planted in a frame of 10 m x 10 m. In this olive grove, there are two
large areas (Figure 1) that are characterized by different types of agricultural farming.

2.1.1. Olive Groves with Ecological Farming (VC-MIX and VC)

This olive grove has an extension of 238 ha, with the coordinates 37°52/12.55” N,
3°34/03.33"” W, an altitude of approximately 500 m, and a planting frame of 10 x 10 m. It
receives edaphic fertilization through the application, twice a year, of organic and mineral
nutrients. In addition, annual foliar fertilization is applied using crystalline urea (nitrogen
content 46%), potassium sulfate, and natural amino acids (arginine, glycine, threonine, and
proline). In this olive grove, the development of a spontaneous and homogeneous vegetal
cover is promoted in a controlled way. The pruning of three olives is carried out by sectors
at the end of winter, with all the olive trees being pruned over three or four years.

In this olive grove, two relatively large sub-areas were differentiated (Figure 1) de-
pending on the fate of the pruning residues: (i) in one of these (VC-MIX), with an extension
of 163 ha, the finer pruning remains (terminal shoots and leaves) are crushed in situ and the
resulting plant material is spread along the central band of the interlines (or streets); (ii) a
second subzone (VC) has an extension of 75 ha. In this area, the fine remains are burned.
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Figure 1. Location of the study area in the province of Jaén (Southern Spain). Olive grove with
conventional management (CONV); olive grove with ecological management (ECO), including two
large extensions: Olive grove with mixed cover (VC-MIX) and olive grove with herbaceous cover
(VQ). By dotted lines, the three blocks in each olive grove are delimited. Source: Own elaboration,
using the Google Earth Pro geographic information system.

Regarding pest and disease control, no synthetic chemical products are applied in
the organic olive groves, in combination with specific capture devices (McPhalil traps,
pheromone-baited delta traps, and chromotropic traps). The adventitious vegetation is
mechanically controlled by clearing between March and April using a hammer tractor. The
resulting plant remains are crushed and spread along the inter lines. To avoid the over-
accumulation of plant debris during and reduce the fire risk at the end of spring, a pass is
carried out using a tractor equipped with a paddle brush cutter. Its function is to crush the
dry remains of the plant cover into very small fragments, reducing the remaining residues
to become fragments of a few millimeters, which are scattered on the olive grove’s surface.
This results in a protective vegetable layer composed of small elements, the compaction of
which makes considerable reduction of its thickness possible.

2.1.2. Olive Grove with Conventional Farming

A 150 ha extension corresponds to the olive trees with conventional farming (Figure 1).
In this olive grove, the trees belong to the Picual variety, with a plantation frame of
10 x 10 m. The soil fertilization is performed by applying organic and mineral nutrients
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twice a year. In addition, the foliar fertilization is carried out annually with crystalline
urea (46% nitrogen content), potassium sulfate, and natural amino acids (arginine, glycine,
threonine, and proline). To control weeds, intense tillage is carried out by plowing and
using the herbicide glyphosate (Roundup UltraPlus© 500mL, Monsanto, St. Louis, MO,
USA). For pest control, the most widely used insecticide is Spinetoram-25% (Spintor® 480
SC, Dow AgroSciences, Indianapolis, IN, USA) for controlling the olive moth (Prays oleae)
and the olive fly, Bactrocera oleae (Rossi, 1790) (Diptera: Tephritidae). To control the branch
borer, Euzophera pinguis (Haworth, 1811) (Lepidoptera: Pyralidae), Chlorpyrifos© 48%
(IRAC Group 1B) is applied.

For pathogen control, a fungicide application containing Agrofit ® (Agrocobre 50
colourless, Agroterra) is created as a wettable powder formulation that is 50% copper for
use against the olive peacock spot (Spilocaea oleagina = Cycloconium oleaginumn).

2.2. Experimental Design

As shown in Figures 1 and 2, in each of the considered olive groves (conventional, VC,
and VC-MIX olive groves), three blocks were delimited that correspond to the three series
of sample repetitions.
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Figure 2. Aerial view of the VC olive grove, with broken lines indicating the three blocks into which
it has been divided. The enlarged box shows the linear arrangement of the chromatic traps along
a line of 20 olive trees. On the right, detail of the orientation of the traps. Source: Own elaboration
using the Google Earth Pro geographic information system.

2.2.1. Entomological Sampling

Sticky yellow traps: This type of sampling, which is based on how arthropods move
toward the traps through chromatic attraction, has shown good results and is appropriate
for replication [26-29].

The traps have been installed in 20 olive trees in each block (Figure 2), so the total
number is 60 in each of the three olive groves. These were placed at a height of 1.5 m in
the southern sector of each olive tree. Since their placement, the traps have been replaced
every 10 days, therefore resulting in the following sampling intervals: 10-20 May; 20-30
May; 30 May-9 June; and 9-19 June.

After their replacement, the traps were temporarily stored in a cold room (4 °C).
During each sampling interval, a subsample of six traps from each block was randomly
selected, in order to minimize the effects attributable to pseudo-replication.
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Olfactory traps: The diversity of lacewings in the study area was sampled through
entomological capture nets, which allowed us to obtain the preliminary data on general
lacewing species and the particular carnea-complex species [30]. For this study, in addition
to the previously described sampling using chromatic stimulation, a second type of traps
were used, the McPhail type, which are baited with an aqueous solution of diammonium
phosphate (4% w/v). This type of sampling allows for obtaining complementary data,
capturing mainly females, unlike the sticky yellow traps that predominantly capture
males. The McPhail traps were installed in the three blocks of the different olive groves
(conventional, VC, and VC-MIX), which were conveniently away from the yellow traps (at
a distance greater than 100 m) and with a minimum distance of at least at 30 m between
them in each block. There were two units for each olive grove block; thus, the total number
of traps was six for each type of olive grove, with a total of 18 traps. The McPhail traps
were installed on 1 June, with renovations being performed at 10-day intervals. For the
insect collection, a sieve was used, which allowed captured individuals to be retained. They
were subsequently moved, using a brush, into a glass vial containing an aqueous mixture
of 70% ethanol. In the laboratory, the captured individuals were taxonomically determined,
and the capture numbers for each trap unit were recorded.

2.2.2. Sampling of the Vegetation (VC; VC-MIX Olive Groves)

The study of the herbaceous diversity and abundance in the green roofs was carried
out during May 2022. For each of these, five samples were collected. Prior to each sampling,
in each of the two olive groves with vegetation cover, the block to be sampled was randomly
established. Within each selected block, an olive tree from the central area was chosen
at random, and using a flexometer, a 5 m long transect was established, extending in an
east—west direction at a distance approximately 3 m from the trunk of the selected olive tree.

To facilitate the data collection, the transect was divided into 5 cm segments, with a
total of 20 segments per transect. For each segment, the number of contacts of each plant
taxa with the flexometer was recorded, and if there was more than one contact by the
same taxon, the total number of contacts was the recorded contacts. Since the flexometer
represents an invisible barrier that is perpendicular to the ground, to consider the plants
that do not contact the flexometer in their basal area but cross the barrier at a certain height,
25 cm long wooden rods were used. These being nailed to the ground along the margin of
the flexometer enabled us to visualize the contacts” height.

The samples were taxonomically determined in the laboratory in order to obtain the
total number of contacts for each of the species.

2.2.3. Estimation of Oophagous Predation (VC, VC-MIX, and CONV Olive Groves)

Among the pests that affect the olive tree, the olive moth, Prays oleae, was selected.
In this species, the critical stage in terms of the economic damage is the beginning of
the carpophagous generation, i.e., egg stage [31]. Since green lacewings (Neuroptera:
Chrysopidae) are their main oophagous predators, they were our focus. Periodic fruit
sampling was carried out from the beginning of the phenological olive stage of fruiting
(stage G, May, 20-25) at 10-day intervals. For this process, on each sampling date and
in each of the blocks of the three olive groves, an olive tree was chosen at random, and
correspondingly, to a minimum of 100 fruits were collected. Three olive trees from each of
the three blocks for each type of management were sampled at each sampling interval; thus,
the total number of olive trees sampled was nine on each sampling date. Since the female
of P. oleae preferentially oviposits in the calyx of the olive, the fruits were retained using
scissors, cutting into the upper part of the olives’ peduncles. Subsequently, fruits were
placed into plastic containers and kept temporarily stored in a cold room (t < 4 °C). The
olives were observed using a stereomicroscope (Leica, M205C, Wetzlar, Germany), noting
the number of P. oleae eggs on each of them and differentiating between live, predated,
and hatched eggs [3,32]. Once all the fruits were examined, the following parameters were
calculated for each olive grove on each sampling date:
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e  Population index: The total number of eggs/100 fruits. This density value reflects the
relative density of the ovideponent females in the cultivated area.

e  Potential attack: The number of fruits with any type of eggs (live, predated, or hatched)
x 100/total number of fruits observed. This represents a value equivalent to the
fruit drop that P. oleae would cause in the case of the total absence of oophagous
predation activity.

Hatching rate: The number of hatched eggs x 100/(sum of live and hatched eggs).
Predation rate: The number of predated eggs/(sum of live eggs + predated + hatched).
This allows for assessment of the predatory activity using an index of the activity of
predatory eggs.

e  Final attack: The number of fruits that contain at least one hatched egg x 100/ (number
of fruits observed). Given that the loss of fruit caused by P. oleae is exclusively due
to the larvae emerging inside the attacked fruits once their larval development is
complete, only hatched eggs were considered for its calculation. Therefore, the latter
may have survived the predatory action of the natural enemies. For calculating this
value, therefore, the live eggs were not accounted for, since these are likely to hatch
or be predated. The entomophagous action allows for discarding a proportion of the
population of P. oleae eggs; however, in the opposite case, their hatching results in
establishing the larva in the endocarp of the fruit and its subsequent fall. The final
attack describes the magnitude of this drop, providing a realistic estimation of the
impact of P. oleae on the harvest.

e  Fruit recovery: The number of fruits in which all the eggs have been predated x
100/ (number of fruits that have contained eggs). This parameter indicates predation’s
real effectiveness, since it corresponds to the percentage of fruits in which all the
eggs have been predated. Once all the P. oleae eggs were eliminated, fruits were
considered recovered, so, for practical purposes, the recovery percentage is a parameter
that indicates the oophagous predation’s real effectiveness through the lacewings.
Importantly, this value does not always correspond to the predation value, except in
the cases in which the number of fruits attacked present infestation densities equal to
1 egg/fruit.

2.2.4. Statistical Analysis

For the statistical analysis, the Statgraphics Centurion XVIII package was used. The
normality of the distributions was checked using the Shapiro-Wilk and Kolmogorov—
Smirnov (K-S, with Liliefors correction) tests. Levene’s test was applied to verify the
homogeneity of the variables. Once the normal distributions were assumed, the Student’s
t-test was applied to determine any significant differences between samples. To determine
the significant differences between the olive groves, an analysis of variance (ANOVA) was
performed, followed by a Tukey’s HSD test to determine the statistical significance.

3. Results
3.1. Diversity and Relative Abundance of Plant Species in Vegetation Cover (VC and VC-MIX)

The vegetation samplings showed a total of 19 herbaceous species in the vegetation of
the organic olive groves (Table 1), with 16 and 15 species corresponding to VC and VC-MIX
olive groves, respectively, of which 12 species were present in both olive groves. Among the
common species, three species presented significantly higher population densities in the
VC olive grove, and four species had higher values in the VC-MIX. In general, the number
of specimens recorded were higher in the VC-MIX olive grove, in which 1422 specimens
were collected, while in the VC olive grove, the number of specimens was considerably
lower, with 620 specimens. The VC-MIX olive grove’s greater plant density is mainly due
to Filago fuscescens, Filago pyramidata, Astragalus ramosus, and Malva parviflora (Table 1), of
which abundance was significantly higher (Table 1; p < 0.05; p < 0.01; p < 0.001), and to
a lesser extent, to Herniaria cinerea, Bromus rubens, and Hordeum murinum. In contrast, in
the VC olive grove, only the Diplotaxis virgata and Trigonella monspeliaca species showed
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significantly higher abundance values (Table 1; p < 0.01), but they had relatively low
abundance values.

Table 1. List of species inventoried in VC and VC-Mix olive groves, and frequency indices in each
sampling (S1-S5). The percentages of bare soil in both olive groves are indicated below.

Asteraceae S1 S2 S3 S4 S5 Total t-Test
) VC-MIX 13 14 16 22 27 92
Filago fuscescens Pomel VC 5 0 ) 0 4 1 p <0.001
. . VC-MIX 105 73 137 64 111 490
Filago pyramidata L. Ve 3 07 29 27 25 116 p <0.001
Leontodon longirostris VC-MIX 0 0 0 0 0 0
(Finch & P. D. Sell) Talavera VC 0 9 1 0 0 10
Brassicaceae
) o VC-MIX 0 0 0 0 0 0
Diplotaxis virgata (Cav.) DC. Ve 5 15 5 6 35 p<0.01
Caryophyllaceae
C o VC-MIX 12 5 39 5 12 73
Herniaria cinerea D. C. Ve 1 9 3 5 1 19 p>0.05
. . . VC-MIX 0 1 0 0 0 1
Stellaria pallida (Dumort.) Piré VC 0 0 0 0 0 0
Fabaceae
VC-MIX 25 18 40 21 38 142
Astragalus hamosus L. VC 0 1 1 3 ” - p<0.01
Melilotus elegans VC-MIX 0 0 2 0 0 2 > 0.05
Salzm. ex Ser. \Y@ 5 1 0 2 1 9 p=5
o VC-MIX 0 0 0 0 5 5
Omnonis biflora Desf. Ve 5 5 1 1 5 14
Trigonella monspeliaca L. VC-MIX 1 0 1 2 2 6 p <0.01
Geraniaceae
. ) P VC-MIX 0 0 0 0
Erodium malacoides (L.) L'Hér. Ve 2 4 5 3 1 12
Malvaceae
. VC-MIX 80 43 30 62 49 264
Malva parviflora L. VC 51 30 16 35 20 150 p <0.05
Plantaginaceae
VC-MIX 0 0 8 9 5 22
Plantago lagopus L. VC 0 0 0 0 0 0
Poaceae
VC-MIX 30 25 15 106 50 226
Bromus rubens L. Ve 20 2 18 9 10 79 p>0.05
. VC-MIX 0 0 0 0 0 0
Crucianella patula L. VC 6 10 o1 2 5 47
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Table 1. Cont.
Asteraceae S1 S2 S3 S4 S5 Total t-Test
Hordeum murinum L. leporinum VC-MIX 5 0 11 11 2 29 > 0.05
(Link) Arcang. VC 0 2 1 0 2 5 p=5
VC-MIX 1 0 5 3 2 11
Phalaris minor Retz. Ve 1 3 1 ’ 5 12 p>0.05
) . . VC-MIX 1 0 5 3 2 11
Trisetaria panicea (Lam.) Paunero Ve 1 3 1 5 5 12 p>0.05
Primulaceae
) . . VC-MIX 0 0 0 0 1
Anagallis foemina Mill. VC 0 0 0 0 0 0

Plantago lagopus was among the VC-MIX olive grove’s exclusive species, being present
in samples from 3 to 5 (Table 1), while Stellaria pallida and Anagallis foemina were only
accidentally found. In contrast, the species exclusive to the VC olive grove were recorded
with much more regularity during the entire sampling period (Diplotaxis virgata, Erodium
malacoides, and Crucianella patula).

3.2. Diversity and Relative Abundance of Beneficial Insects (Chromatic Sticky Traps)

A total of 16 parasitoid (Table 2) and nine predator species (Table 3) were caught
by the chromatic traps. Among the three compared managements, the greatest diversity
corresponded to the VC-MIX olive grove, where all the species were found. In the VC
olive grove, the 13 parasitoid species and six predators were also found, while the lowest
diversity occurred in the conventional olive grove, where ten parasitoid species and five
predators were captured (Table 4).

Regarding the parasitoids, the species belonged to the superfamilies Chalcidoidea
(families Pteromalidae, Eupelmidae, Eulophidae and Encyrtidae), Chrysidoidea (family
Bethylidae) and Ichneumonoidea (families Icneumonidae and Braconidae). In a decreasing
order of relative abundance, the most frequent were Ageniaspis fuscicollis and Chelonus
elaeaphilus, which are parasitoids specifically associated with the olive moth P. oleae [33,34],
whose larva develops in olive moth larvae, and adults emerge a few days later than their
host [3], reaching very high rates of parasitism [35].

Table 2. Parasitoid species captured in the sticky yellow traps, pest species they are associated with,
and first bibliographical reference.

Parasitoids spp. Olive Pest Host Host Association
Wes twooccip ilgéolnz)lr—’;}i/urrffr};(é:hyli dae) % Phloeotribus scarabaeoides [36] Russo, 1938
(Halid::}f,7 al;g?ille)s(g;;lhisgfanzgmdae) Prays oleae [33] Campos, 1981
(Szepligeti{)iggtg)li?l‘ii’izrcl(.):l(graconidae) :” Bactrocera oleae [35] Kapatos, 1977
Silvestric, ﬁzggbg{e}llﬁipgi:csonidae) \i\/ Prays oleae [33] Campos, 1981
(Dalmar‘igfgzigjp(f{;” o fcgifyrﬁ dae) = Prays oleae [33] Campos, 1981
Diversinerous elegans J,j);\\ Saissetia oleae [37] Panis, 1977

Silvestri, 1915 (Hym.: Encyrtidae)
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Table 2. Cont.

Parasitoids spp.

Olive Pest Host

Host Association

Leptomastidea abnormis

(Girault, 1915) (Hym.: Encyrtidae)

Scutellista cyanea

Motschulsky, 1859 (Hym.: Encyrtidae)

Chrysocharis gemma

(Walker, 1839) (Hym.: Eulophidae)

Pnigalio mediterraneus

Ferrierre & Delucchi, 1957 (Hym.:

Eulophidae)
Tetrastichus cesirae

Russo, 1938 (Hym.: Eulophidae)

Elasmus flabellatus

(Fonscolombe, 1832) (Hym.: Eulophidae)

Eupelmus urozonus

(Dalman, 1820) (Hym.: Eupelmidae)

Diadegma semiclausum

(Hellén, 1949) (Hym.: Ichneumonidae)

Cheiropachus quadrum

(Fabricius, 1787) (Hym.: Pteromalidae)

Cyrtoptyx latipes

(Rondani, 1874) (Hym.: Pteromalidae)

]
}
A

Saissetia oleae
Saissetia oleae

Prays oleae

Bactrocera oleae; Prays oleae

Saissetia oleae;
Bactrocera oleae; Liothrips oleae

Prays oleae
Bactrocera oleae

Prays oleae
Phloeotribus scarabaeoides

Bactrocera oleae

[38] Copland, 1983
[37] Panis, 1977

[39] Noyes, 2019
[40] Stavraki, 1970

[3] Arambourg, 1986
[33] Campos, 1981
[33] Campos, 1981

[41] Torres, 2010

[36] Russo, 1938

[42] Ranaldi and Santoni, 1987

Table 3. Predator species captured in the sticky yellow traps, pest species they are associated with,
and first bibliographical reference.

Predators spp.

Olive Pest Prey

Prey Association

Coccinella septempunctata
(L., 1758) (Col: Coccinellidae)
Stethorus punctillum
(Weise, 1891) (Col.: Coccinellidae)

Prolasioptera berlesiana
Paoli, 1907 (Dip.: Cecidomyiidae)
Anthocoris nemoralis
(F., 1794) (Hem.: Anthocoridae)
Pseudoloxops coccineus
(Meyer-Diir, 1843) (Hem.: Miridae)
Brachynotocoris ferreri
Baena (Hem.: Miridae)
Chrysoperla agilis
Henry et al., 2003 (Neu.:
Chrysopidae)
Harraphidia laufferi
(Navas, 1915) (Rap.: Raphidiidae)
Acolothrips intermedius
Bagnall, 1934 (Thy.: Aeolothripidae)

3,

i

-

Vo

y

.

$58™,

i\ - O~

N

L

>3

Saissetia oleae; Lepidosaphes ulmi;
Parlatoria oleae; Aspidiotus nerii
Saissetia oleae; Lepidosaphes ulmi;
Parlatoria oleae; Aspidiotus nerii
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Table 4. Beneficial species captured in the chromatic traps. Xs indicate their presence in the
olive grove.

Beneficial Species VC-MIX vC Conventional

Coccinella septempunctata
Stethorus punctillum
Prolasioptera berlesiana
Anthocoris nemoralis
Pseudoloxops coccineus
Brachynotocoris ferreri
Chrysoperla agilis
Harraphidia laufferi
Acolothrips intermedius

XX v XX
XX v X

Predators

Cephalonomia cursor
Apanteles xanthostigma
Psyttalia concolor
Chelonus elaeaphilus
Ageniaspis fuscicollis
Diversinervus elegans
Leptomastidea abnormis
Scutellista cyanea
Chrysocharis gemma
Pnigalio mediterraneus
Tetrastichus cesirae
Elasmus flabellatus
Eupelmus urozonus
Diadegma semiclausum
Cheiropachus quadrum
Cyrtoptyx latipes

XX v XX X

Parasitoids

HKXHEXXKX XXX XXX+ X

XX X X X

HKXHEHXXIXHKHXXHKHEXXHK XXX XXX XXX XXX
X X
X X

The other parasitoids caught in the chromatic traps were Elasmus flabellatus, Eupelmus
urozonus, and Psyttalia concolor. The first species is associated with the olive moth [35],
while the last two are associated with the olive fruit fly [35,36].

Among the predators, the most abundant species was Aeolothrips intermedius (Bagnall,
1934) (Thysanoptera: Aeolothripidae), which is a species that is reportedly associated with
the olive thrips, Liothrips oleae (Costa, 1857) (Thysanoptera: Phlaeotripidae) [46], as well
as with different phytophagous mites, such as those responsible for acariosis, Aceria oleae
(Nalepa, 1900), and Oxycenus maxwelli (Keifer, 1939) (Trombidiformes: Eriophyidae) [3].

Among the heteropterans, Pseudoloxops coccineus, Brachynotocoris ferreri (Myridae), and
Anthocoris nemoralis (Anthocoridae) were caught in yellow traps. In general, these species
are relatively frequent in the olive groves during spring [47], attacking a variety of species,
such as the olive psyllid, Euphyllura olivina (Costa, 1839) (Hemiptera: Psyllidae) [4].

Due to its important ecological role in naturally controlling several pest species, we
highlight the presence of green lacewings (Chrysopidae) among the captures. Among the
Chrysoperla carnea-complex species, most captured individuals belonged to the Chrysoperla
agilis species, whose larvae have been cited as the main predators of the olive moth, P.
oleae [3,24,25].

Coccinellids such as Stethorus punctillum (Weise, 1891) and Coccinella septempunctata
(Coleoptera: Coccinellidae) have been relatively frequent in color traps. These species are
involved in the natural control of scale insects such as Saissetia oleae (Hemiptera: Coccidae),
Parlatoria oleae, Lepidosaphes ulmi (Linnaeus, 1758) [3], and Aspidiotus nerii (Bouche, 1833)
(Hemiptera: Diaspididae) [4].

In Figure 3, the number of captures of the main beneficial insects are represented in an
order of decreasing abundance, indicating the percentage of captures corresponding to each
type of olive grove (VC; VC-MIX; and conventional). Concerning their population densities,
all beneficial insects showed significantly higher population values in the VC-MIX olive
grove (Figures 3-5) compared to the VC and conventional olive groves. In the comparison
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between VC and conventional olive groves, the capture values also presented significant
differences in the case of parasitoids (p < 0.05), although this was not fulfilled in the case of
predators, whose populations did not statistically differ from each other.
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Figure 3. Total number of individuals captured for the different species of natural enemies (right
axis) and capture percentages for each of the three agricultural management (left axis): VC-MIX olive
grove (white), VC olive grove (light green), and conventional management (dark green).
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Figure 4. Statistics (mean and SE) of the relative abundances of main parasitoid species captured in
the sticky yellow traps in the three farming managements: Conventional (white), VC olive grove
(light green), and VC-MIX olive grove (dark green). Statistically significant differences are indicated
by letters (Tukey’s HSD test, p < 0.05).
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Figure 5. Statistical values (mean, SE) of the relative abundances of main predator species captured
in the sticky yellow traps in the three agricultural managements: Conventional (white), VC olive
grove (light green), and VC-MIX olive grove (dark green). Statistically significant differences are
indicated by letters (Tukey’s HSD test, p < 0.05).

3.3. Attack Parameters of Olive Moth, P. oleae
3.3.1. Egg Population and Potential Attack

The olive moth egg population on the fruits was significantly lower in the Conven-
tional olive grove throughout the oviposition period of P. oleae (p < 0.05, Figure 6A), where
the average value reached 104 eggs/100 fruits. However, the organic olive groves (VC and
VC-MIX) presented statistically higher infestation values that were similar to each other,
and reached mean values slightly higher than 120 eggs/100 fruits.
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Figure 6. Statistics (mean, standard error, and standard deviation) of the population of P. oleae eggs in
the olive groves subject to different management (A), and potential attack on the fruit (B) in VC-MIX
(dark green), VC (light green), and conventional (white). Significant differences within each sampling
interval are indicated by letters (Tukey’s HSD test, p < 0.05).

Regarding the potential attack, the values did not initially present significant differ-
ences (from 1-20 June, Figure 6B) between the three compared managements; however, as
of 20 June, the population values were statistically lower in the conventional olive grove
(p < 0.05). According to these data, the potential fall would imply the loss of 70% of the
fruits in the conventional olive grove, and around 90% in the organic olive groves.

3.3.2. Evolution of Lacewing Catches (McPhail Traps) and Oophagous Larval Predation

Among the individuals captured in the McPhail traps, a sample of 22% of the captured
lacewings were taxonomically determined, resulting in the identification of six species.
Most (87.4%) corresponded to Chrysoperla agilis (Henry), followed by 3.4% to Pseudomallada
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prasinus (Burmeister), 1.5% to Pseudomallada flavifrons (Brauer), 3% to Chrysoperla affinis
(Thierry), 3.1% to Chrysoperla lucasina, and 1.6% to Chrysopa viridana (Schneider). In line with
previous samplings, Ch. agilis is the dominant species; therefore, within the carnea complex,
its impact on the olive moth eggs was considered the greatest [24,25]. The capture values of
the adult lacewings in the McPhail traps showed significant differences between the three
olive groves in each sampling interval (Figure 7A). The maximum values corresponded
to the VC-MIX olive grove, with capture figures of up to 92 individuals/trap. In turn, the
capture values of the VC olive grove were significantly higher than those of the traps in
the conventional olive grove. Consequently, statistically significant differences were found
among them all throughout the study period (p < 0.01; p < 0.001 in Figure 7A).
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Figure 7. Statistics (mean, standard error, and standard deviation) of the catch values of lacewings
in McPhail traps (A), and evolution of predation percentage (B) in the olive groves subject to dif-
ferent management: VC-MIX (dark green), VC (light green), and conventional (white). Significant
differences within each sampling interval are indicated by letters (Tukey’s HSD test, p < 0.05).

Regarding the percentages of oophagous predation, a parallelism is observed when
considering the evolution of capturing the adults, with a similar pattern and statistical
differences between the three olive groves compared throughout the oviposition period.
The values of the oophagous predation caused by lacewing larvae were highest in the
VC-MIX olive grove (p < 0.001, Figure 7B), with a final egg predation rate of 88%. Next, in
the VC olive grove, a maximum predation rate of 78% was reached, a value that in turn
was significantly greater than that of the conventional olive grove, at 67%.

The values of predation by lacewings allow a great reduction of the potential attack on
the fruits, decreasing at the end of the oviposition period final attack to values of 23% in the
conventional olive grove, 18.5% in the VC olive grove and 12%. in the VC-MIX olive grove
(Figure 8A). In relation to the potential attack values (where larval predation is excluded),
the final attack values (Figure 8B) represent decreases of 47% in the conventional olive
grove, 68.5% in the VC olive grove, and 76% in the VC-MIX olive grove, being therefore
in this olive grove the natural control by the lacewings provides the maximum reduction.
In close correspondence with these results, the fruit recovery percentages have been 57%
in the conventional olive grove, 71.5% in the VC olive grove, and 83% in the VC-MIX
olive grove.
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Figure 8. Statistics (mean, standard error, and standard deviation) of the final attack of P. oleae eggs
in the olive groves subject to different management (A), and of fruit recovery (B) in VC-MIX (dark
green), VC (light green), and conventional (white). Significant differences within each sampling are
indicated by letters (Tukey’s HSD test, p < 0.05).

4. Discussion

Incorporating crop residues into soil provides an important source of nutrients [48]
by increasing nitrogen mineralization [49] and positively influencing the soil’s biological,
chemical, and physical properties [50]. Several studies highlight that incorporating crop
residues into soil improves tilt, reduces erosion processes, prevents nutrient losses by run-
off and leaching, and increases microbial biomass [51-53]. Therefore, applying agricultural
residues (e.g., crop residues and animal manures) to soil has recently become a highly
beneficial agricultural practice [2,50,54-57]. Among its advantages, it provides a longer
protective effect against erosion [55] compared to that provided by herbaceous cover [54].
In addition, Taguas and Gomez [56] reported that crushed plants prevent ruderal flora
developing, which attenuates the competition of the herbaceous cover with the olive
grove for water and nutrients, thus reducing herbicide dependence. The results of this
study are consistent with the consulted bibliography [2], in view of the higher abundance
of plant species in the olive grove with a mixed plant cover, in which crushed pruning
remains were incorporated. At the same time, in this olive grove, the greatest diversity
and abundance of beneficial insects were found, in comparison with organic olive groves
with only adventitious herbaceous vegetation covers. In any case, this plant cover provides
direct benefits to the different dimensions of ecological diversity, since it increases the
number of species present in the system, which contributes to establishing more complex
relationships between its components. Among the effects provided by the herbaceous
vegetation, it is worth considering the different ways they support entomophagous insects:

- Plants provide a settlement for numerous phytophagous species which are potential
prey/alternative hosts for numerous entomophagous species, which due to their rela-
tively polyphagous nature, interact with the phytophagous species that are specifically
associated with olive trees. Regarding conventional olive growing, in which there
is no plant cover, implementing living plant covers creates a settlement for a wide
community of species in the cultivation area, which causes the herbaceous plants of
the herbaceous cover to be authentic insect reservoirs [12].

- Secondly, herbaceous vegetation provides a food source for the adults of many preda-
tory and parasitoid species [58]. These arthropods require an adequate intake to
develop their fecundity, reach their potential longevity [59], and ensure post-diapause
survival. The nectar of flowers is especially important for hymenopterous para-
sitoids [60,61] and predators [62] that are attracted by the release of semiochemical
volatiles [63,64]. Several authors [65,66] have reported that Ch. carnea can be caught
in traps baited with phenylacetaldehyde, which is a common constituent of a flower
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scent and is of great practical interest [64,65]. Thus, maintaining biodiversity is es-
sential for achieving greater stability and can be used as an indicator of the system’s
resistance to change [67,68].

Additionally, the greater edaphic structural complexity derived from adding crushed
pruning remains to the soil contributes to the significant increase in arthropod diversity by
stimulating microorganism activity in the soil and serving as food and shelter for beneficial
fauna [68]. Chrysoperla spp. overwinter as diapausing adults [69], which in the south
of Spain occurs from October to February. However, the intensity and severity of the
agricultural practices that occur from early autumn to mid-spring cause the olive trees to
be hardly favorable for the winter survival of lacewings. This is because of the harvest,
even though the current trend is to bring it forward until early autumn [70]; the harvest
involves manually beating the branches or using powerful mechanical vibrators with rods
on the branches to cause the fruit to fall [71]. After harvesting, olive pruning is performed
(from December to April), whose purpose is to regenerate the tree, removing unnecessary
branches [20]; this practice is quite detrimental to the survival of lacewings overwintering
in the canopy of olive trees. Thus, ensuring survival through winter largely depends on
the population that spends the season in more stable and ecologically favorable refuge
areas, such as the plant remains in the marginal areas adjacent to the crops [31], as is the
most frequent scenario in conventional farming. For olive groves with ecological farming,
the conditions provide a substantial improvement, given the presence of degraded plant
remains in them (as is the case in VC farming) resulting from the adventitious vegetation,
which, in view of the results of this study, would provide a slightly higher protection to
wintering populations in relation to conventional farming. Given the limitations derived
from agricultural/forestry practices, an innovative and adequate measure is based on
using artificial winter shelters that consist of wooden boxes filled with crushed vegetable
matter. These artificial shelters have proven to be a successful practice in integrated
pest management, favoring the establishment of adult lacewings [30,72-75]. As a result,
augmentation of the natural lacewing population is stimulated by saving the hibernating
adults from the winter coldness and precipitation, and provides an anticipation of the
spring occurrence of adults and eggs [30].

The accumulation of plant residues in the soil allows for much more adequate condi-
tions for the winter survival of numerous species of natural enemies of olive pests [34,76-78].
Most likely, the accumulation of crushed plant matter in the crop soil resulting from prun-
ing is beneficial, and is similar to that provided by deploying a net of artificial hibernation
shelters. This is consistent with the higher post-winter populations of beneficial insects
in the VC-MIX olive grove in relation to the VC olive grove, and, more notably, to those
of the conventional olive grove. Thus, for the farmer, applying this agronomic practice
would result in successive events that are highly beneficial in terms of reducing dependence
on synthetic pesticides and improving the evenness of natural enemies, as well as their
entomophagous effectiveness.

The implementation of beds of crushed plant material reportedly neither negatively
affects crops nor poses a potential danger of a phytosanitary order to them, except for crops
close to areas affected by verticillium wilt, the disease caused by Verticillium dahliae [78]. In
this regard, Lopez Escudero and Mercado-Blanco reported that the dispersal of infective
propagules (microsclerotia) among olive groves may be favored by cultural practices that
are inadequate for controlling this disease, such as grinding plant debris from affected trees.
Other negative aspects are the workload required by this practice, the high rate of CO,
emissions, and the significant increase in the risk of fire.

5. Conclusions

This research has allowed us to verify the effect of implementing a mixed plant
cover in olive groves, consisting of adding the fine residues from olive tree pruning to
the adventitious vegetation cover. Compared to an organically managed olive grove
provided with a simple plant cover, this practice stimulates the community’s productivity of
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adventitious herbaceous cover. A clearly stimulating effect on the diversity and abundance
of beneficial insects, whose activity is essentially natural pest control, was noted. On the
olive moth, as the target pest selected for this study, this practice allows for a notable
increase in the effectiveness of the main natural enemies, confirming predation rates
of approximately 90%, which in terms of crop loss result in averages of 12% per tree.
Comparatively, in organic crops provided with simple plant cover, the average crop losses
due to this pest were 19%, while in traditional crops free of any type of plant cover, the
crop losses were 23% of the harvest.
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