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GiugaL., Lo Verde G., Jordana R., Baquero E., Rizzo R. — First data on soil collembola in super-high density
and traditional olive orchard management systems.

The Collembola community plays an important role in soil ecosystem services. The aim of this study is to
provide the first data on the soil Collembola communities occurring in three different olive orchards located in
Sicily (Italy), one traditional and two super-high density systems. While the same fertilization management and
phytosanitary measures were applied, soil management in the two super-high density systems consisted of green
manure, and conventional tillage was adopted in the traditionally managed olive orchard. Nine soil samples per
orchard were collected in the first week of October 2019, and the arthropod fauna was extracted using a modified
Berlese-Tullgren funnel. Collembola were counted and identified at morpho-species level, and at least one spec-
imen for each morpho-species was slide mounted for species identification. Soil Collembola communities were
evaluated using the abundances of identified species and eco-morphological life forms. Besides, soil biological
quality was investigated using the QBS-ar index. Overall, 22 species belonging to nine families were identified.
The mean number of springtails per soil sample was lowest in the two super-high density orchards, while the total
number of species does not show a noticeable variation among the three olive orchards. An average similarity at
the species level of 59.95 % was found between the two super high intensive orchards, that showed a lower av-
erage similarity with the traditional olive orchard (44.39 % and 50.23 %). Regarding the eco-morphological life
form groups of Collembola, the Atmobionts were present only in the traditional olive orchard, Hemiedaphic and
Epedaphic life forms were most abundant in the traditional olive orchard, while Euedaphobionts were the most rep-
resented in all olive orchards. Moreover, the exclusive Collembola species in the two super high intensive orchards
were Euedaphic and Epedaphic life forms, while the exclusive species recorded in the traditional olive orchard
belonged to all life forms, with a prevalence of Euedaphic springtail species. The sharing of the only Epedaphic
and Euedaphic life forms between the two SHD olive orchards confirms that the intensive management system
negatively affects the Collembola of the Atmobiotic life forms. Hemiedaphic life forms were affected to a lesser
extent, since they are influenced mainly by microhabitat diversity in the upper soil layer. Furthermore, the negative
effects of the more intensive management system influenced the QBS-ar index values, indicating that intensive
management influences mainly soil surface taxa, like the predators Chilopoda and Pseudoscorpiones. However,
our preliminary study suggests that conservative and sustainable soil management can maintain or improve the
arthropods and Collembola community’s soil functionality, although further studies are needed to assess the role of
the other agroecological factors.
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INTRODUCTION

Soil arthropods are reported to provide a significant
contribution to soil formation, organic matter transfor-
mation, nutrient cycling, and are involved in a wide ran-
ge of interactions with micro-organisms and other inver-
tebrates (LAVELLE ef al., 2006). Enhanced agroecosystem
biodiversity, when correctly assembled, provides several
services, supporting soil fertility, nutrient cycling and
improvement of soil structure (REICHLE, 1977), crop
protection and productivity (ALTIERI, 1999). The part
of agro-biodiversity delivering such desired services is
regarded as ‘functional’, because of its key role in the
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ecosystem functioning regulation (BARBERL, 2013; Moo-
NEN and BARBERI, 2008). Despite that, the role and fun-
ction of soil fauna to ecosystem services in productive
orchards have been often overlooked (FAO, 2017). On
the contrary, it should be seriously taken into account in
land management strategies oriented to agricultural pro-
duction and to soil fertility restoration (BATTIGELLI and
MARSHALL, 1993).

Soil communities, whether considered taxonomi-
cally or functionally, are still poorly understood (DAILY,
1997; GEISEN et al., 2019). Additionally, there is no com-
prehensive method to fully capture their diversity, even
within one group of soil organisms (GEISEN et al., 2019).
Collembola are, together with Acari, the most abundant
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arthropods in soil (PETERSEN and LuxTON, 1982), usually
accounting for 95 % of the microarthropods (SEASTEDT,
1984). They occupy all trophic levels in below-ground
detritus food webs (MOORE and WALTER, 1988) and con-
stitute an essential component of soil mesofauna in al-
most all terrestrial ecosystems (RUSEK, 1998).

Collembolans are highly sensitive to changes in their
microhabitat, and soil characteristics such as fertility,
chemistry, and pH are known factors that profoundly
influence the composition and structure of their com-
munities (HAGVAR, 1982; HAGVAR and ABRAHAMSEN,
1984; ViLkaMAA and HUHTA, 1986; VAN STRAALEN and
VERHOEF, 1997; PONGE, 2000). Crop management practi-
ces can also change species assemblages and diversity
(GARDI et al., 2002). Despite their wide global distribu-
tion and their role in soil ecosystem services, the collem-
bolans of some geographic regions are poorly known
from a taxonomic point of view. To address the scarcity
of taxonomic expertise, Collembola can be classified into
eco-morphological groups based on their level of adapta-
tion to soil-dwelling life (loss of pigmentation and eyes,
reduction of antennae, legs, and furca) (GisiN, 1943; Ru-
SEK, 2007; PoTaPOV ef al., 2016).

Olive groves (Olea europaea L.) are widespread in
the Mediterranean basin due to their adaptability to soil
and environmental constraints (Loumou and GIOURGA,
2003). Italy represents one of the main producers of oli-
ve oil in the world, with a cultivated area of about 1.1
million hectares distributed in the central and southern
regions of the country (Pupo D’ ANDREA, 2021). To redu-
ce production costs and, at the same time, increase yields
per hectare, super-high density olive orchards are gaining
popularity in Italy (LANDI ef al., 2022).

Intensification of activities related to agricultural
management usually has negative effects on biodiversi-
ty (BENTON et al., 2002; BIAGGINI ef al., 2007; TILMAN
et al., 2001), and soil arthropod fauna is especially af-
fected by this kind of disturbance (COTEs et al., 2010;
RuANO et al., 2004; SANTOS et al., 2007). Nonetheless, a
limited number of studies have focused on the response
of fauna or flora communities in perennial crops under
different management systems (BRUGGISSER et al., 2010;
GAGNARLI et al., 2015). Most of these were carried out
in middle or high latitudes, but very few in the Mediter-
ranean region (PONCE et al., 2011). Furthermore, only a
few studies have evaluated the effects of farming practi-
ces applied to olive production systems on the diversity
of above-ground arthropods (COTEs et al., 2009, 2010;
GKiIsAKIS et al., 2016; GONGALVES and PEREIRA, 2012;
JEREZ-VALLE et al., 2014; SCALERCIO et al., 2009) soil
nematodes (LANDI ef al., 2022), and earthworms (Sofo et
al. 2020), while soil microarthropod communities have
been poorly investigated (VIGNOzZI ef al., 2019).

This study aims to investigate the abundance and di-
versity of soil Collembola in three olive orchards loca-
ted in Sicily (Italy): one traditional and two super-high
density systems. Two main aspects were investigated:
springtail species and their eco-morphological life forms
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(Potarov et al., 2016), and soil biological quality by me-
ans of QBS-ar index (Parist, 2001; Parist ef al., 2005).

MATERIALS AND METHODS

STUDY AREAS

The study areas are in Trapani province (Sicily, Italy).
Soil texture is classified as Clay Loam USDA; the area
is characterized by a semi-arid climate, with an annual
rainfall of 680 mm and a mean annual temperature of
17.6°C (LanDI et al., 2022). To compare the soil collem-
bola communities, three olive orchards were chosen, all
managed following the European Community rules for
organic agriculture, of which two were managed by a su-
per-high density system (SHD-A and SHD-B) and one
traditional (TRAD). The olive orchards’ characteristics
are summarized in Tab. 1. Phytosanitary practices and
organic fertilization (stable manure 1000 kg/ha) were the
same in all orchards. Soil management in the two SHD
orchards consisted of green manure with Vicia faba mi-
nor L., with 4—S5 disk arrowings (about 15 cm deep) per
year. The two SHD olive orchards were irrigated, and the
mechanical harvest was carried out through a struddler
harvesting machine. The olive harvest took place in the
first and last week of October. In the TRAD olive orchard
conventional tillage was carried out using a disk harrow
(about 15 cm deep) in July and August. Moreover, TRAD
olive orchard was not irrigated and no mechanical har-
vest was adopted.

ARTHROPOD SAMPLING

Nine soil samples (1.5kg) per orchard were collected
in the first week of October 2019, before mechanical har-
vesting in the two SHD orchards. Sampling in all three
olive orchards was carried out about one month after the
summer tillage (first week of September). Soil samplings
were collected in the middle of three different inter-rows
but not under olive canopy (1.6m and 2.5m from olive
tree trunks in SHD and TRAD, respectively). Samples
were collected at a 0—15 cm depth after removing surface
residues, placed in a plastic bag, labeled, and transferred
to the laboratory, being protected from thermal shock and
avoiding evaporation. The arthropod fauna was then ex-
tracted using a modified Berlese-Tullgren funnel (WAL-
LWORK, 1976; PArisI, 2001; ANDRE et al., 2002; PARISI et
al., 2005) and stored in 70 % alcohol.

Collembola were first counted and identified at the
morpho-species level, grouping specimens based on sha-
red morphological features, under a stereomicroscope
(Zeiss Wild M5A stereomicroscope, 7—45% magnifica-
tion). Afterwards, at least one specimen for each mor-
pho-species was slide mounted in Hoyer’s medium for
identification. Mounted specimens were then examined
using an Olympus BX51-TF microscope with a mul-
ti-viewing system and phase contrast, and a Zeiss «Axio
Imager.A 1» with differential interference contrast (DIC).
The specimens analyzed are deposited in the Museum
of Zoology of the University of Navarra (MZNA). Col-
lembola were identified at species level using the main
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Table 1 — Characteristics of the olive orchards in which the study was carried out.
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Altitude
a.s.l (m)

Management

Code
system

Coordinates

Surface
(ha)

Cultivar

Density
(trees/ha)

Tree
age

Soil management

37°57'49.55"N
SHD-A 12°43'35.43"E 193

Super-High
Density

37°58'27.74"N
SHD-B 12°40'49.60"E 245

TRAD 37°58'19.63"N 220

Traditional 12°40'58 17"E

Arbequina 6

Arbequina 0.6

Biancolilla,
Cerasuola,
Nocellara
del Belice

1.5

2600
(3.20m
between
TOWS,
1.20m
within the
same row)

2600
(3.20m
between
TOWS,
1.20m
within the
same row)

125
(10m
between
rows, 8m
within the

10-12

10-12

about
40

green manure, or-
ganic fertilization

green manure, or-
ganic fertilization

conventional tilla-
ge, organic fertili-
zation

same row)

literature in springtails taxonomy (GISIN, 1960; DUNGER,
1994; JORDANA et al., 1997; BRETFELD, 1999; PoTaPOV,
2001; THIBAUD et al., 2004; DUNGER and SCHLITT, 2011;
JORDANA, 2012). When attribution at species level was
not possible (e.g. immature stage), specimens were assi-
gned to higher taxa and were included in the total abun-
dance of the respective groups.

Moreover, the identified taxa were classified
into eco-morphological life form groups, mainly ba-
sed on their size, shape, pigmentation, presence/
absence of ocelli, development of furca, and lim-
bs. The classification proposed by Potapov et al.
(2016) was adopted. It considers four life forms:
Atmobiotic, mostly inhabiting macrophytes, but still
present also on the litter surface; Epedaphic, present in
the upper litter layer or the surface of fallen logs; He-
miedaphic, inhabiting partly decomposed litter or rotten
wood, and Euedaphic, living in the upper mineral layers
of the soil.

Soil biological quality was calculated for each sam-
ple using the QBS-ar index (PArisi, 2001; PARISI et al.,
2005), which is based on assigning an Eco-morphologi-
cal Index (EMI).

DATA ANALYSIS

To provide information on springtail soil richness and
diversity, the following indices were calculated for each
orchard: taxa richness (S), Shannon diversity index (H”),
Simpson evenness (e’).

The structure of Collembola community in the three
orchards was assessed by a multivariate analysis of the
total species abundance based on the Bray-Curtis simila-
rity index after performing a quadratic transformation of
the data. To assess differences in Collembola community
composition, a one-way Analysis of Similarity (ANO-
SIM) was conducted, in which the different management
systems (SHD, and TRAD orchard management sy-
stems) was the factor, and transformed species abundan-
ce data was the response variable. Then, a similarity of
percent contribution (SIMPER) analysis was performed
to identify the species that gave a greater contribution
to the dissimilarities in Collembola community compo-
sition between the different orchards. All analyses were
performed using the PRIMER 6 v.6.1 software package
(PRIMER-E Ltd., Plymouth, UK). The species of soil
Collembola shared among the three olive orchards were
represented using a Venn diagram analysis (software
PAST, 2020) (Hammer et al., 2001). Diversity indices
were compared applying the Kruskal-Wallis test to de-
tect differences among sites using the Minitab® software
(Minitab Inc., State College, Pennsylvania, USA).

RESULTS AND DISCUSSION

Overall, 662 springtails were collected, of which 62
specimens were mounted for identification. Remaining
specimens were preserved in alcohol 70 % (see also Ba-
QUERO et al., 2017, 2021, BAQUERO & JORDANA, 2022).
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A total of 22 species were identified, belonging to nine
families (Tab. 2).

The most abundant species in all three olive orchards
were the two cosmopolitan Isotomidae Folsomides
parvulus (23.85 %, 32.69 % and 31.36 % in SHD-A,
SHD-B and TRAD, respectively) and Hemisotoma ther-
mophila, the most widespread species within the genus
Hemisotoma (16.51 %, 38.46 % and 14.29 % in SHD-A,
SHD-B and TRAD, respectively) and the Mediterrane-
ann Entomobryidae Pseudosinella fallax, representing
21.10 % of springtails collected in SHD-A. Additional-
ly, single specimens were found for some species, like
Metaphorura riozoi, Isotomiella minor, Lepidocyrtus
lignorum, and Deutonura ibicensis. Interestingly, the
last species, D. ibicensis, was known only from the type
locality (Ibiza Island, Spain) and from Sicily (G1uGa et
al., 2022), while Pseudosinella francae was recently de-
scribed on the specimens collected in the SHD-B olive
orchard (GIUGA et al., 2023).

Concerning Collembola overall abundance in the
three olive orchards, the mean number of collected sprin-
gtails per soil sample was lowest within SHD-A and
SHD-B, showing that the SHD olive orchard system ne-
gatively affected the abundance of Collembola. The total
number of species (S) does not show a noticeable varia-
tion among the three olive orchards; the diversity indices
H’ and ¢’ had the lowest value in SHD-B, whereas they
were similar in SHD-A and TRAD (Tab. 3). However,
the statistical analysis applied to the indices (abundance,
S, H’, and ¢’) did not show significant differences betwe-
en the three olive orchards (Kruskal-Wallis test, p > 0.05
level).

These results indicate that all diversity indices de-
tected no changes in communities of soil Collembola
from olive orchards differing in their management sy-
stems.

The one-way ANOSIM showed that the different ma-
nagement systems significantly influenced Collembola
assemblages (Global R=1, P=0.03). SIMPER analysis
identified an average similarity at the species level of
59.95 % between SHD-A and SHD-B, whereas both the
SHD managed orchards showed an average similarity of
44.39 % (SHD-A) and 50.23 % (SHD-B) with TRAD.
The springtail species contributing most to the dispari-
ty were Pseudanurophorus quadrioculatus, Folsomia
penicula, and Acherontiella bougisi, present only in the
TRAD olive orchard with 45, 28 and 18 sampled speci-
mens, respectively.

By Collembola classification into eco-morphologi-
cal life form groups, Euedaphic group is the most re-
presented in all the management systems, with relative
abundance of 51.6 % in TRAD and 82.7 and 64.6 in
SHD-A and SHD-B, respectively. Similarly, both He-
miedaphic and Epedaphic life forms were most abundant
in TRAD (39.7 % and 8.4% respectively) than SHD-A
(15.2 % and 2.1 %, respectively) and SHD-B (32.9 %
and 2.5 %, respectively). Atmobionts were found only in
TRAD, whit a very low presence (0.3 %) (Fig. I). Whi-
le the Euedaphic group is the most represented also in
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terms of number of species in all orchards, the Hemie-
daphic life form was represented by more species than
Epedaphic life form in TRAD. However, it still showed
the same or even a lower number of species than Epe-
daphic in SHD-B and SHD-A, respectively (Figs. I, II).
The SHD olive orchard’s system features, such as the
higher number of disk arrowing, the use of heavy ma-
chines for harvesting, different cultivars, and high plant
density per hectare, seem to favour the Euedaphic life
form, probably by reducing microhabitat diversity, and
to negatively affect the Epedaphic life form in term of
relative abundance.

Life forms (% specimens)

100
80
60
40
20

0

SHD-A SHD-B TRAD

M Euedaphic M Hemiedaphic ™ Epedaphic ® Atmobiontic

Fig. I — Relative abundance of the different life form groups of
Collembola across the three olive orchards.
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Fig. II— Number of species for each life form group of Collem-
bola across the three olive orchards.
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Fig. Il — Venn diagram showing the common and exclusive
Collembola species occurring in the three olive orchards. The
pie charts indicating the proportion of species belonging to the
different life forms have been added to the graph.

The exclusive Collembola species in the SHD olive
orchards were 4 in SHD-A and 3 in SHD-B, correspon-



Table 2 — List of families and species (or higher taxa) identified in the three orchards. (*indicates taxa not included in the statistical

analysis).

Family Species SHD-A | SHD-B | TRAD
Hypogastruridae Acherontiella bougisi Cassagnau & Delamare, 1955 18
Brachystomellidae Brachystomella parvula (Schiffer, 1896) 2 3
Neanuridae Deutonura ibicensis (Ellis, 1974) 1
Onychiuridae Protaphorura armata (Tullberg, 1869) 5 4 12

Protaphorura spp.* 5
Tullbergiidae Metaphorura riozoi Castano-Meneses, Palacios-Vargas et Traser, 2000 1
Isotomidae Folsomia penicula Bagnall, 1939 28

Folsomides parvulus Stach, 1922 26 51 90

Hemisotoma pontica (Stach, 1947) 7 21

Hemisotoma thermophila (Axelson, 1900) 18 60 41

Isotomiella minor (Schiffer, 1896) 6

Isotomurus sp. 1 1

Pseudanurophorus quadrioculatus von Toérne, 1955 45

N.D.* 82 1
Entomobryidae Entomobrya sp. 1 3 2

Lepidocyrtus lignorum (Fabricius, 1775) 1

Pseudosinella fallax (Borner, 1903) 23 8 17

Pseudosinella francae Giuga & Jordana 2023

Seira sp. 1 1

N.D.* 10
Orchesellidae Heteromurus major (Moniez, 1889) 2 2 25

Heteromurus nitidus (Templeton, 1836) 16

Heteromurus spp.* 12

Orchesella sp. 1 2
Paronellidae Paronellidae sp. 1 1

Troglopedetes sp. 1 4

Total number of species 13 12 16

Total number of specimens 191 161 310

Table 3 — Comparison of abundance (individuals/soil sample) and diversity of soil Collembola in the three orchards, based on the

species list in Table 2.

SHD-A SHD-B TRAD
Abundance 63.67+28.7 53.67+11.0 103.33+23.4
S 12 11 13
Shannon H’ 2.03 1.58 2.03
Simpson ¢' 0.85 0.73 0.83
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Table 4 - QBS-ar values (as resulting from the sum of the EMI scores) and number of taxa for the three orchards.

EMI (eco-morphological index)

Group SHD-A __ SHD-B____ TRAD
Acari 20 20 20
Chilopoda 20
Coleoptera 1 1 10
Collembola 20 20 20
Diplopoda 10 10
Diplura 20 20 20
Diptera 1 1
Diptera (larvae) 10 10
Hymenoptera 1 5

Isopoda 10 10
Other holometaboulos insects 1 1 1
Other holometaboulos insects (larvae) 10 10
Pauropoda 20 20 20
Pseudoscorpiones 20
Psocoptera 1 1 1
Symphyla 20 20 20
QBS-ar 125 128 193
N° of Taxa 12 11 15

ding to 18.2 % and 13.6 % of the total number of species,
respectively. Instead, the exclusive species recorded in
TRAD were 6 (27.3 %). In both SHD orchards, the exclu-
sive species are represented by Euedaphic and Epedaphic
life forms, while in TRAD they belonged to all life forms
(Fig. IIT). The only species shared between TRAD and
the two SHD olive orchards were Hemiedaphic: Bra-
chystomella parvula (common to SHD-A) and Entomo-
bryia sp. 1 (common to SHD-B). On the contrary, the
two species common to both SHD olive orchards were
Euedaphic: Hemisotoma pontica and Heteromurus niti-
dus. Finally, 3 out of the 5 species common to all three
olive orchards (22.7 %), were Euedaphic: Protaphorura
armata, Hemisotoma thermophila and Pseudosinella fal-
lax (Fig. 111, Tab. 2).

The results of the present study seem to confirm that
the management system alters the upper soil layer, and
that Epedaphic and Euedaphic life forms are particularly
susceptible to such microhabitat modifications, although
the latter to a lesser extent. In fact, the two SHD olive
orchards only share Epedaphic and Euedaphic life forms.

Finally, the QBS-ar values ranged from 125 to 193
(Table 4), according to those recorded in another study
carried out in olive orchards (ViGNozzi et al., 2019).
The number of taxa recorded in each orchard is between
11 and 15. The highest QBS-ar value was recorded for
TRAD (193), while the SHD-A and SHD-B had lower
and similar values (125 and 128, respectively). Moreo-
ver, Chilopoda and Pseudoscorpiones, both predators in
the soil food chain, were collected only in TRAD. Cole-
optera with the highest Eco Morphological Index (10),
indicating their adaptation to the soil environment, were
also exclusive to the TRAD orchard. This result indicates
that the more intensive management system negatively
affects the QBS-ar index values, confirming that the ma-

nagement system has a negative effect mainly on the up-
per soil layer taxa.

CONCLUSIVE REMARKS

In general, the composition of the Collembola com-
munity showed significant differences between the two
olive grove systems, the super-high density and the tra-
ditional one. The super-high density system changes the
Collembola communities of the soil associated with oli-
ve groves mainly on the surface, as shown also by the
QBS-ar index for microarthropods, while no relevant
variations were found between TRAD and SHD-A and
SHD-B about the Euedaphic communities of soil sprin-
gtails. The Collembola abundance shows a decrease in
intensive management systems but the structure of the
Euedaphic Collembola community does not change.
The decrease in soil Collembola composition in terms
of eco-mophological life forms is possibly due to the di-
sappearance of ecological niches in intensive cultivation,
mainly on the surface. The QBS-ar index seems sensiti-
ve to changes in orchard management and, in our case,
shows a lower value in intensive cultivation, also due to
the apparent disappearance of surface predators.

However, further studies are necessary to understand
the impact of management on the soil Collembola com-
munities, the factors involved, and their interactions.
Furthermore, these studies can improve our knowledge
of the springtail faunas, as occurred for the Tullbergiidae
Metaphorura riozoi, collected for the first time in Italy
in the same olive orchards in which the present study
was carried out (GIUGA ef al., 2022) and for the Entomo-
bryidae Pseudosinella francae, recently described from
specimens collected in the SHD-B olive orchard (Gruca
et al., 2023). In general, using a conservative and sustai-
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nable soil management method may maintain or improve
the Collembola community’s soil functionality and favor
the associated ecosystem services, although other factors
should be considered when evaluating the orchard ma-
nagement system, both economic (i.e. mechanization of
the most expensive cultural practices like pruning and
harvesting) and agroecological (i.e. maintaining the di-
versity of local varieties), in the perspective to deal with
climate changes and adaptation strategies for warmer and
dryer conditions in the Mediterranean region (FRAGA et
al., 2020).
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