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Abstract

Olive orchards constitute important reservoirs of floristic diversity, including species that
are strongly dependent on agroecosystems for their persistence. The conservation of floristic
diversity enhances the provision of essential agroecosystem services, contributing to the
sustainability of olive orchard agroecosystems. The main aim of this study was to provide
a descriptive analysis of the floristic diversity of olive orchards, a topic that has not been
investigated extensively in Crete. The study was designed to capture variation associated
with management system (MS) and agroecological zone (AZ), providing a comprehensive
assessment of floristic diversity. A seven-and-a-half-year floristic survey was conducted in
the Messara Valley, Crete, Greece, across nine organic olive orchards implementing Green
Infrastructure (GI), eight conventionally managed orchards, and two abandoned orchards.
The orchards were located in both plain and hilly agroecological zones. Within each orchard,
monthly surveys were conducted in three randomly assigned square sampling stations per
hectare, which remained constant throughout the study period. A descriptive analysis and
univariate comparisons between the MS and AZ were conducted using six pairs of organic
and conventional orchards, with three pairs located in the hilly AZ and three in the plain
AZ. In total, 331 species, belonging to 60 families and 28 taxonomic orders, were identified.
Most recorded species were characterised as therophytes (55%) and hemicryptophytes
(31%), mainly belonging to the families Asteraceae, Fabaceae, Poaceae, and Lamiaceae.
Total species richness was higher in organic (257 species, 56 families) than in abandoned
(195 species, 45 families) and conventional orchards (192 species, 50 families), however, the
mean species richness did not differ statistically significantly among management systems.
Mean species and family richness were significantly higher in the hilly AZ than in the plain
AZ, and total species richness was also higher in the hilly AZ (316 species, 59 families) than
in the plain AZ (128 species, 43 families). This study highlghts the role of olive orchards
as reservoirs of floristic diversity in Crete and demonstrates the influence of MS, Green
Infrastructure and AZ in shaping the floristic diversity of these agroecosystems.
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1. Introduction

Agroecosystems host a diverse array of flora and fauna, underscoring their signifi-
cance for biodiversity conservation [1-4]. Anthropogenic disturbance disrupts ecological
succession, allowing species adapted to such disturbance to dominate over others that
would otherwise outcompete them during succession [5-8]. However, the intensification
of agricultural practices, such as the use of herbicides and intensive soil disturbance, can
reduce floristic diversity in agroecosystems. Therefore, agricultural land, especially tra-
ditional, low-input cultivation systems, has been identified as an important habitat for
conserving floristic diversity [2,5,9-11].

According to Bergmeier and Strid [12], approximately 138 plant taxa, highly dependent
on agricultural land, have been recorded in agricultural and ruderal habitats in Greece.
The Kriti (Crete) and Karpathos phytogeographical region is characterised by high floristic
diversity, comprising approximately 1735 species, including 159 endemic taxa. Within
this region, 2.678 records of species associated with traditional agriculture have been
documented, the second-highest number among the floristic regions of Greece, accounting
for 13.69% of all plant records associated with traditional agriculture in the country.

A large proportion of these floristic elements has been recorded in olive
orchards [10,13-16], highlighting the role of olive orchards as important reservoirs of
plant diversity and their contribution to biodiversity conservation [17]. Olive orchards
occupy a substantial proportion of the Mediterranean and Cretan landscape, representing
approximately 20% of the total land area and 70% of agricultural land in Crete [18], and
therefore hold considerable cultural, socioeconomic, and agricultural significance [1,19,20].
The extensive geographic distribution and land coverage of olive orchards across the
Mediterranean, including regions such as Crete, together with the agroecosystem ser-
vices provided by biodiversity, underscore the importance of conserving floristic diver-
sity in olive orchards [4,21-24]. These services include provisioning, regulating, and
cultural services.

Biodiversity in olive orchards, together with the agroecosystem services it provides,
can be enhanced through the establishment of Green Infrastructure (GI) [25]. Green In-
frastructure (GI) in olive orchards comprises two complementary components. The first
consists of GI elements, including (i) plantations of aromatic plants, fruit-bearing shrubs,
and trees; (ii) stone refugia; (iii) brush piles; and (iv) artificial water sources/ponds, located
within and/or around the olive orchards. The second comprises agroecological farming
practices, including (i) minimum soil disturbance; (ii) the use of cover and companion crops;
(iii) green manuring; (iv) shredding and incorporation of pruning residues; (v) rational use
and minimisation of synthetic chemical inputs and irrigation water inputs [26]. The floristic
composition of olive orchards is characterised by herbaceous annual therophytes, biennial
and perennial hemicryptophytes, together with geophytes and phanerophytes, particularly
in traditionally managed or abandoned orchards, according to Raunkieer’s plant life-form
classification [27]. The vascular flora of olive orchards in Greece is usually dominated
by monocotyledons, primarily belonging to the grass family (Poaceae), such as Cynodon
dactylon, Avena spp. and Bromus spp. Dicotyledons belonging to the composite (Asteraceae)
and legume (Fabaceae) families, including Glebionis coronaria and Medicago polymorpha,
are also common [7,16]. Other dominant species include Oxalis pes-caprae and Capparis
spinosa [4,10,28,29]. Floristic diversity in olive orchards is shaped by complex interactions
between management systems [30] and agroecological zones (hilly and plain) [31]. It may
be enhanced through the application of agroecological farming methods, such as Green
Infrastructure (GI) [32], thereby improving the provision of agroecosystem services and
supporting the sustainability of olive cultivation [3,15,17,18].
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Despite the importance of olive orchards for the conservation of floristic diversity, only
a limited number of studies have specifically investigated floristic diversity in olive orchards
in Crete [10,33], one of the most floristically rich and diverse regions in Greece [34,35].
Most observations of floristic elements in olive orchards originate from broader floristic
surveys of the Cretan and the Greek floras, and from field studies conducted in agricultural
and ruderal habitats [13,15,36,37]. Several studies have reported sporadic observations
of vascular flora diversity in olive orchards in Greece [7,10,16,24,38-40]; however, these
studies have not covered such an extended study period or employed a compatible level
of temporal replication, which are essential for ensuring the comprehensiveness of flora
inventories and accounting for the effects of climatic variation on data interpretation. In
addition, although observations of plant species in olive orchards managed under different
management systems have been reported elsewhere in Greece and the Mediterranean, to
our knowledge, no study has considered both management system and agroecological zone
into the survey design. Such an approach may provide insights into species” environmental
preferences and patterns of occurrence. These considerations, together with the long-term
study period, demonstrate the novelty of this survey and contribute to a comprehensive
floristic inventory of olive orchards in the study area. Furthermore, no other study at
the global scale has considered the presence of Green Infrastructure in olive orchards, an
important farming method that aligns with the objectives of the EU Green Deal, including
the EU Common Agricultural Policy (CAP), the EU “Farm to fork strategy for 2030”, the
EU “Biodiversity Strategy for 2030” and the EU “Soil Strategy for 2030”.

The main aim of the study was to provide a comprehensive description of the vascular
flora composition and diversity in olive orchards in a representative olive-growing area of
Greece, while accounting for the effects of time, management system, and agroecological
zone. Specifically, we investigated whether floristic community composition differed
among management systems and agroecological zones, identified patterns of species
occurrence associated with management systems and agroecological zones. Moreover, we
tested the hypothesis that organic and hilly olive orchards exhibit higher floristic diversity
than conventional and plain orchards, respectively.

2. Materials and Methods
2.1. Study Area

The study area is located in the western part of Messara, a representative olive-
producing region, in south-central Crete, Greece [31]. The area is composed of two distinct
agroecological zones. The two agroecological zones are characterised by differences in
landscape composition, edaphoclimatic conditions, and microclimate [31]. Compared
with the plain zone, the hilly zone receives higher precipitation and experiences fewer
temperature extremes. Calcareous soils dominate both zones; however, the hilly zone is
characterised by silty—marly soils, schist, and limestone formations, whereas the plain
zone is primarily composed of alluvial sediments [20,41]. Soils in the hilly zone have
been affected by prolonged erosion, in contrast to the heavier and more fertile soils of the
plain zone.

According to the Koppen climate classification, the climate in the study area is clas-
sified as a hot-summer Mediterranean climate (Csa), characterized by hot, dry summers
and mild, wet winters, with an annual mean temperature of 17.5 °C and an average annual
precipitation of approximately 600 mm [42]. Olive orchards managed at a lower intensity
than those in the plain zone, dominate land use in the hilly zone, together with extensive
areas of sclerophyllous vegetation, including phrygana and garigue ecosystems, and small
human settlements. In contrast, the plain zone is dominated by crops, mainly olive or-
chards, with remnants of semi-natural habitats and urban areas [33]. The study area is
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adjacent to two designated Natura 2000 sites of conservation importance for biodiversity

and natural habitats [41].
Figure 1 presents the geographic distribution of the surveyed orchards and their

proximity to the designated Natura 2000 sites.
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Figure 1. Geographical distribution of the 19 surveyed olive orchards in western Messara, Crete,
Greece. Red dots indicate the locations of the surveyed orchards.

2.2. Survey Protocol

The survey was conducted monthly over a 7.5-year period, from May 2018 to Septem-
ber 2025, within the framework of the project LIFE IGIC—Improvement of Green Infras-
tructure in agroecosystems: reconnecting natural areas by countering habitat fragmentation
(LIFE16 NAT/GR/000575) [32,43]. It included 19 olive orchards across two agroecological
zones (hilly and plain): 13 orchards were located in the hilly zone and 6 orchards in the
plain zone (Figure 1).

Among the surveyed orchards, nine implemented Green Infrastructure (GI) and
complied with the European Union (EU) organic production standards (Regulation (EU)
2018/848) [44,45], eight were managed under conventional farming practices in accor-
dance with the EU regulatory framework for conventional agriculture, and the remaining
two had not received agricultural inputs or undergone active farming management for an
extended period. Green Infrastructure in the organic orchards included both GI elements
and agroecological practices. A detailed description of the GI components, agroecological
practices, and their technical implementation is available in Kabourakis (2025) [26] and in
the LIFE IGIC Decision Support Tool [46].

The study employed a stratified, two-stage sampling design. Stratification into
two agroecological zones was based on distinct edaphoclimatic conditions characteris-
ing the hilly and plain zones, as reported in the scientific literature [31]. Stratification
into two management systems was based on the existing literature [2,28], which indicated
differences in community composition and diversity. A greater number of orchards were
selected in the hilly agroecological zone to reflect the higher number of olive orchards
located in this zone within the study area and across Crete. The orchards were selected
following discussions with local stakeholders and based on previous research conducted
in the area [31,47-49]. The selection of the 19 orchards included six pairs of organic and
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conventional orchards distributed across six locations, with one pair in each location,
where the average distance between neighbouring orchards was approximately 150 m.
Three pairs were located in the hilly agroecological zone, and three pairs were located on
the plain agroecological zone. The paired sampling design provided six matched organic-
conventional orchard pairs, allowing balanced comparisons between management systems
and agroecological zones.

In each orchard, three square sampling stations per hectare were established, each
covering an area of 16 X 16 m, resulting in three to seven sampling stations per orchard
and a total of 69 sampling stations per sampling survey. Each orchard contained at least
three permanent sampling stations, with the total number of stations determined by orchard
area (three stations per hectare). The total sampling area across all surveyed olive orchards
was 23 ha. Sampling stations remained permanent and repeatedly surveyed throughout
the study period to improve and ensure the completeness of the floristic inventory. In total,
90 surveys were conducted during the study period. At the orchard level, stratification was
achieved by dividing each orchard into sub-areas and randomly selecting one sampling
station within each sub-area to ensure spatial representativeness and account for potential
variability in edaphoclimatic conditions within each orchard. Zigzag transect surveys were
conducted throughout the orchards in addition to surveys of the permanent sampling
stations (station size 16 x 16 m), to detect species that may not have been recorded within
the permanent sampling stations. The data collected during the zigzag transect surveys
were combined with those collected from the sampling stations to compile a final list of
species present in each orchard. Within each sampling station, all vascular plant species
were identified to species level, and species richness was recorded.

Species identification was performed using botanical identification keys [15] and
relevant taxonomic literature [13,36].

2.3. Nomenclature and Taxonomic Arrangement

The nomenclature and taxonomic arrangement of the families, genera, and species
recorded in this study follow the classification adopted by the “Flora of Greece web”
(Version VI, September 2024, electronic edition) [50], which serves as the standard taxo-
nomic reference used by the Hellenic Botanical Society (HBS). This resource continuously
updates the publications “Vascular plants of Greece: An annotated checklist” [35] and
its supplement [51]. The classification system of taxonomic orders applied in this study
follows the APG IV taxonomic system, which is largely compatible with the “Flora of
Greece web” website. According to Dimopoulos et al., 2013 [35]: “The angiosperm family
circumscription as proposed by the Angiosperm Phylogeny Group [52], known as APG III,
is followed”. The only deviations between the two taxonomic systems concern the family
Amaranthaceae, which was retained as Chenopodiaceae, and the families Dipsacaceae,
Morinaceae and Valerianaceae, which were maintained separately from the family Capri-
foliaceae, following the Euro + Med PlantBase taxonomy [53]. The nomenclature of the
species inventory conforms to the International Code of Nomenclature for algae, fungi, and
plants (ICN) and the scientific names according to the International Plant Names Index
(IPNI) The Raunkizer plant life forms associated with each species are presented in Table 4
and follow the classifications provided in the “Vascular Plants of Greece: An Annotated
Checklist” [35].

2.4. Data Analysis

Data collected during each survey were compiled, organised, and analysed using
Microsoft Excel (Microsoft Office 365) and IBM SPSS Statistics 26. Descriptive statistics
were used to calculate species and family richness for each orchard, as well as the total
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species and total family richness for each management system and agroecological zone.
Additionally, species frequency, the relative species richness for each family, the relative
species richness for each order order and the relative family richness for each order were
calculated across all the surveyed orchards.

Species frequency was calculated using Equation (1).

Species Frequency = Number of olive orchards the species is present/Total 1)

number of olive orchards surveyed
The relative species richness of each family was calculated using Equation (2).

Relative species richness for each family = Number
of species in the taxonomic family / Total number of species

The relative family richness of each order was calculated using Equation (3).

Relative family richness for each order = Number 3)

of families in taxonomic order/Total number of families
The relative species richness of each order was calculated using Equation (4).

Relative species richness for each order = Number )
of species in the taxonomic order/Total number of species
The total species richness and family richness was calculated for each management
system (MS) and agroecological zone (AZ) using Equations (5) and (6).

Total species richness and family richness for each MS = Number
of species recorded in each management system (organic, conventional) )
for the whole study period

Total species richness and family richness for each AZ = Number of species
recorded in each agroecological zone (hilly, plain) for the whole study period

The effect of management system and agroecological zone on species and family
richness, was assessed by performing univariate statistical analysis (Student’s t-tests),
to compare the different management systems and agroecological zones. Statistical
comparisons were performed using the 12 paired orchards, excluding the remaining
seven unpaired locations. Management systems were compared using the six matched
organic—conventional orchard pairs. For comparisons between agroecological zones, the
six orchards located in the hilly zone were compared with the six orchards located in the
plain zone using the IBM SPSS Statistics 26 software.

3. Results

The floristic community composition of the surveyed orchards is consistent with
that of a typical Mediterranean olive orchard agroecosystem. The olive orchards were
dominated by therophytes, representing 55% of the total recorded species, followed by
hemicryptophytes (19%) and geophytes (11%). Phanerophytes (9%) and chamaephytes (6%)
were also recorded. Overall, 331 species of vascular flora were recorded across the surveyed
olive orchards, belonging to 28 taxonomic orders and 60 families (Table 1). Species richness
was highest in the order Asterales (50 species), followed by Fabales (47 species), Lamiales
(38 species), and Poales (37 species). The remaining taxonomic orders each comprised
25 species or fewer (Table 1).
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Table 1. The taxonomic orders recorded in the surveyed olive orchards, along with (1) number of
families within each order; (2) relative family richnes for each order; (3) number of species within
each order, and (4) relative species richness for each order.

T . No of Relative Family . Relat.lve
axonormic Families Richness for N(.) Of. Species ‘Spec1es
Order Within Order  Each Order (%) Within Order Richness for
Each Order (%)
Alismatales 1 1.7 2 0.6
Apiales 1 1.7 12 3.6
Arecales 1 1.7 1 0.3
Asparagales 5 8.3 25 7.6
Asterales 2 3.3 50 15.1
Boraginales 1 1.7 13 3.9
Brassicales 2 3.3 10 3.0
Caryophyllales 6 10 18 5.4
Cucurbitales 1 1.7 2 0.6
Cupressales 1 1.7 1 0.3
Dipsacales 2 3.3 3 0.9
Ericales 1 1.7 1 0.3
Fabales 1 1.7 47 14.2
Fagales 1 1.7 1 0.3
Gentianales 3 5.0 10 3.0
Geraniales 1 1.7 6 1.8
Lamiales 7 11.7 38 11.5
Malpighiales 3 5.0 10 3.0
Malvales 3 5.0 8 24
Myrtales 2 3.3 3 0.9
Oxalidales 1 1.7 1 0.3
Poales 2 3.3 37 11.2
Ranunculales 3 5.0 11 3.3
Rosales 4 6.7 13 3.9
Santanales 1 1.7 1 0.3
Sapindales 1 1.7 1 0.3
Solanales 2 3.3 6 1.8
Vitales 1 1.7 1 0.3
Total Orders 28
Total Families 60
Total Species 331

The most species-rich families were Asteraceae, with 49 species (14.8% of the total
recorded species); Fabaceae, with 47 species (14.2%); and Poaceae, with 36 species (10.9%).
Other species-rich families included Lamiaceae, with 19 species (5.7%); Orchidaceae and
Boraginaceae, each represented by 13 species (3.9%); and Apiaceae, with 12 species (3.6%).
The remaining families were represented by nine or fewer species (Table 2).

At the genus level, species richness was highest among genera within the Fabaceae,
including Trifolium spp. (5 species), Medicago spp. (7 species) and Lotus spp. (4 species), and
within the Poaceae, including Bromus spp. (6 species), Hordeum spp. (3 species) and Avena
spp. (3 species). Other species-rich genera were Erodium and Euphorbia, each represented
by four species (Table 3).

In terms of species frequency, the most frequently occurring species recorded across
the surveyed olive orchards were: Crepis vesicaria, Medicago polymorpha, Olea europaea subsp.
europaea, Oxalis pes-caprae, and Sonchus oleraceus, all of which were recorded in 100% of the
surveyed olive orchards. Avena barbata and Avena sterilis were recorded in 95% of orchards,
while Bromus madritensis, Cynodon dactylon, Lactuca serriola, and Oloptum miliaceum occurred
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provided in Table 4.

species, and the relative species richness of each family.

in 89% of orchards. Heliotropium europaeum, Phellipanche mutelii and Sinapis alba were
recorded in 84% of orchards. Further details on the frequency of the remaining taxa are

Table 2. Taxonomic families recorded in the surveyed olive orchards, together with the nuumber of

Family Name

Number of Species
(Species Richness)

Family Relative Species
Richness (%)

Arecaceae
Acanthaceae
Amaranthaceae
Amaryllidaceae
Anacardiaceae
Apiaceae
Apocynaceae
Araceae
Asparagaceae
Asphodelaceae
Asteraceae
Berberidaceae
Boraginaceae
Brassicaceae
Campanulaceae
Capparaceae
Caryophyllaceae
Chenopodiaceae
Cistaceae
Convolvulaceae
Cucurbitaceae
Cupressaceae
Cyperaceae
Dipsacaceae
Euphorbiaceae
Fabaceae
Gentianaceae
Geraniaceae
Hypericaceae
Iridaceae
Juglandaceae
Lamiaceae
Lauraceae
Linaceae
Lythraceae
Malvaceae
Moraceae
Myrtaceae
Oleaceae
Orchidaceae
Orobanchaceae
Oxalidaceae

>—\U15»—\»—\I\J)hI\JN»—\\’—o‘HI\JHO\N%ﬂM»—\»—\NwwG\mHH@;H@»—\O\NHI’G»—\(»M»—H—\

0.3
0.3
0.6
0.9
0.3
3.6
0.3
0.6
1.8
0.3
14.8
0.3
3.9
27
0.3
0.3
1.5
1.8
0.9
0.9
0.6
0.3
0.3
0.6
21
14.2
0.6
1.8
0.3
0.6
0.3
5.7
0.3
0.6
0.6
1.2
0.6
0.3
0.3
3.9
1.5
0.3
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. Number of Species Family Relative Species
Family Name (Species Richness) Richness (%)
Papaveraceae 4 1.2

Plantaginaceae 7 21
Poaceae 36 10.9
Polygonaceae 2 0.6
Portulacaceae 1 0.3
Primulaceae 1 0.3
Ranunculaceae 5 1.5
Rhamnaceae 1 0.3
Rosaceae 8 2.4
Rubiaceae 7 2.1
Santalaceae 1 0.3
Scrophulariaceae 4 1.2
Solanaceae 3 0.9
Thymeleaceae 1 0.3
Urticaceae 2 0.6
Valerianaceae 1 0.3
Verbenaceae 1 0.3
Vitaceae 1 0.3

Total species richness and family richness differed between management systems
and agroecological zones. Organic orchards had higher total species and family richness
than abandoned and conventional orchards. In total, 257 species were recorded in organic
orchards, compared with 195 and 192 species in abandoned and conventional orchards,
respectively. Similarly, 56 families were recorded in organic orchards, compared with 50
families in conventional orchards and 43 families in abandoned orchards. Regarding agroe-
cological zones, higher total species and family richness were recorded in hilly orchards
than in those in the plain agroecological zone. In total, 316 species and 59 families were
recorded in the hilly agroecological zone, compared with 128 species and 43 families in the
plain zone (Table 4).

Although higher total species and family richness were observed in organic orchards
and the hilly agroecological zone than in conventional orchards and the plain agroecological
zone, respectively, no statistically significant differences were found in mean species or
mean family richness between management systems (p > 0.05). In contrast, mean species
richness was statistically significantly higher in the hilly agroecological zone than in the
plain zone (p = 0.01). Similarly, mean family richness tended to be higher in the hilly
agroecological zone than in the plain zone, although this difference was not statistically
significant (p = 0.057) (Table 4).
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Table 3. Taxonomic orders, families and species recorded in the surveyed olive orchards, together with their Raunkieer life-forms, conservation status, and

species frequency.

Olive Orchards
) Organic Conventional Abandoned
Species ID
Z oz = = = z = z = Z o=z = z o=z = n = o o Species
= =2 E = & = R = R = = & = = & = B = £ Frequenc
g & § & 5 & 5 & 5 & g 5 g g 5 g 5 < < quency
. . Raunkizr Life Conservation - N @ 'S w ey ® ©° = = = = = = = = = 9 =
Order Family Species Name Form Classification Status © © © © 0o o © © g ® & A A& &8 &8 8 8 > s
Arisarum vulgare o
O.Targ.Tozz. Geophyte - + + + + + + + + 42%
Alismatales Araceae N ot
rum concinnatum ) o
Schott Geophyte + + + + + + + 37%
Ammi majus L. Therophyte PD67/81 + + 11%
Bupleurum gracile o
d'Urv. Therophyte - + 5%
Coriandrum sativum
L. Therophyte - + 5%
Daucus carota L. Hejr;}liii;g}t\g}t)i/y te + + + + + + + + + + + + + + 74%
Eryngium campestre .
g L P Hemicryptophyte - + + + + 21%
Fommﬁqﬁ vulgare Hemicryptophyte - + + + + + 26%
Apiales Apiaceae Lagoeci P
goecia cuminoides ) o
Soy.-Will Therophyte + + 11%
Scandix o
pecten-veneris L. Therophyte - + + + + + + + + 42%
Smyrnium . o
olusatrum L. Hemicryptophyte - + 5%
Tordylium apulum Therophyte B + + + 16%
Torilis arvensis Therophyte _ + 5%
Huds. phy °
Torilis leptophylla .
(L.) Rehb.f. Therophyte - o+ o+ 16%
Arecales Arecaceae Phoenix theophrasti Phanerophyte - + 5%

Greuter
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Table 3. Cont.

Olive Orchards

X Organic Conventional Abandoned
Species ID
jos) T jes] oo = jes] = T = jes] T = jes] Jes) = jes] = es] T Species
= = = = 2. = B = B = = B = = 2. = B = = Frequenc
S & & &£ 8 & 5 & 58 & g 5 g & 5 < B 2 < quency
. . Raunkizr Life Conservation - I w s o o ® © = = Juy = = = = = = 9 =
Order Family Species Name Form Classification Status o © o o © o o © 5 o} A A A A A A A > s
Allium o
ampeloprasum L. Geophyte - ot + + + + 32%
Amaryllidaceae ~ Allium stibhirsutum Geophyte B . . N . ¥ n i 37%
Narcissus tazetta L. Geophyte - + + + 16%
ASPﬂmgbis aphyllus Chamaephyte - + + + + + + + + + + + + + 68%
Drimia numidica
(Jord. & Fourr.) B o
J.C.Manning & Geophyte + + + + + 26%
Goldblatt
Mus(cfy)l Kzirﬁosum Geophyte - + + + + + + + + 42%
Asparagales Asparagaceae -
Muscari
speizenhoferi (Heldr. B o
ex Osterm.) Geophyte + 5%
H.R.-Wehrh
Ornithogalum o
narboronse L. Geophyte - + + + + 21%
Prospero autumnale Geophvte . . 50
(L.) Speta phy °
Asphodelaceae Asp hodel;is ramosus Geophyte - + + 11%
Gladiolus italicus
Ml Geophyte - + + + + + 26%
Iridaceae Moraea
sisyrinchium (L.) Geophyte - + + + + 21%
Ker Gawl.

https://doi.org/10.3390/d18080444


https://doi.org/10.3390/d18080444

12 of 36

Diversity 2026, 18, 444
Table 3. Cont.
Olive Orchards
X Organic Conventional Abandoned
Species ID
jos) T jes] oo = jes] = T = jes] T = jes] Jes) = jes] = es] T Species
= = = = 2. = B = B = = B = = 2. = B = = Frequenc
S & & &£ 8 & 5 & 58 & g 5 g & 5 < B 2 < quency
. . Raunkizr Life Conservation - I w s o o ® © = = Juy = = = = = = 9 =
Order Family Species Name Form Classification Status o e} e} o e} e} o o 5 '\rJ) 3 (‘% % % (\3] % R > ;°>
Anacamptis collina
(Banks & Sol. ex
Russell) o
R.M.Bateman, Geophyte PD67/81 + + + + + 26%
Pridgeon &
M.W.Chase
Anacamptis
coriophora subsp. o
Fragrans (Pollini) Geophyte PD67/81 + 5%
R.M.Bateman
Anacamptis
papilionacea (L.)
R.M.Bateman, Geophyte PD67/81 + 5%
Pridgeon &
M.W.Chase
Anacamptis
pyramidalis (L.) Geophyte PD67/81 + 5%
Rich.
Orchidaceae Himantoglossum
robertianum Geophyte - + 5%
(Loisel.) P.Delforge
Ophrys cretica o
(Vierh.) E.Nelson Geophyte PD67/81 + 5%
Ophrys lutea Cav. Geophyte PD67/81 + + 11%
Ophrys scolopax
subsp. Heldreichii Geophyte PD67/81 + + 11%
(Schltr.) E.Nelson
Orchis italica Poir. Geophyte PD67/81 + 5%
Serapias bergonii o
E.G.Camus Geophyte PD67/81 + + 11%
Serapias lingua L. Geophyte PD67/82 + + 11%
Serapias parviflora Geophyte PD67/83 + 5%
Parl.
Serapias sp. Geophyte PD67/84 + + + + 21%
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Anthemis chia L. Therophyte - + + + 16%
Artemisia o
arborescens L. Chamaephyte - + 5%
Asteriscus aquaticus o
(L.) Less. Therophyte - + + 11%
Atractylli cancellata Therophyte B + 59
Bellis annua L. Therophyte - + + + 16%
Calendulﬁz aroensts Therophyte - + + + + + + + + + + + + 63%
Carlina lanata L. Hemicryptophyte - + 5%
Cartham]zjs lanatus Therophyte - + + + + 21%
Czchor1u£11 intybus Hemicryptophyte - + + 11%
Cichorium pumilum o
Asterales Asteraceae ]ac;. Therophyte - + 5%
Cirsium sp. Hemicryptophyte - + 5%
Crepis commutata . o
(Spreng.) Greuter Hemicryptophyte - + + + + + + + + + + + + + + 74%
Crepis neglecta
subsp. Cretica Therophyte - + + + + 21%
(Boiss.) Vierh.
Crepis vesicaria . o,
subsp. vesicaria Hemicryptophyte - + + + + + + + + + + + + + + + + + + + 100%
Crupina
crupinastrum Therophyte - + 5%
(Moris) Vis.
Dittrichia graveolens o
(L) Greuter Therophyte - + + + 16%
Dittrichia viscosa Chamaephyte/ o
(L.) Greuter Hemicryptophyte ) * * * 16%
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Echinops . o
spinosissimus Tarra  [1emicTyptophyte - + + + 16%
Erigeron Ilionanensw Hemicryptophyte } + . 1%
Erigeron canadensis Therophyte/ B o
L Hemicryptophyte + + + + + + + + + + 53%
Erigeron . o
sumatrensis Retz. Hemicryptophyte . * 5%
Filago pyramidata o
(L) Huds. Therophyte - N 5%
Galactites o
tomentosus Moench Therophyte ) * * * * * 26%
Geropogon hybridus o
(L.) Sch.Bip. Therophyte - + + 11%
Glebionis coronaria
(L) Cass. ex Spach Therophyte - + + + + + + + + + + + + + + 74%
Hedypnois
rhagadioloides Therophyt } + + 1%
subsp. Tubaeformis erophyte °
(Ten.) Hayek
Helichrysum
stoechas subsp. o
barrelieri (Ten.) Chamaephyte - + + + + + + + + 42%
Nyman
Helminthotheca o
echioides (L.) Holub Therophyte - o S + 26%
Hypochaeris Therophyte/ .
achyrophorus L. Hemicryptophyte ) + * * + * 26%
Lactuca serriola L. Heﬁii;};}tlg;i/y te - + + + + + + + + + + + + + + + + + 89%
Lactuca tuberosa . o
Jacg. Hemicryptophyte - + + + + 21%
Lamyropsis
cynaroides (Lam.) Hemicryptophyte - + 5%

Dittrich
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Leontodm{ tuberosus Hemicryptophyte B + + + + 21%
Matricaria o
chamomilla L. Therophyte ) * 5%
Notobasis syriaca o
(L) Cass. Therophyte - + + + 16%
Pallenis spinosa (L.) Therophyte/ : 9
Cass. Hemicryptophyte * * * * 21%
Phagnalon rupestre
subsp. graecum Chamaephyte - + + + + + + + 37%
Boiss. & Heldr.
Reichardia picroides . o
(L.) Roth Hemicryptophyte - + + + + + + + + + + + 58%
Gelasia cretica Willd Hemicryptophyte - + 5%
Senecio vulgaris L. Therophyte - + + + + + + + + + + + + + + + 79%
Sonchuls{/izlslp er (L) Therophyte - + + + + + + + + + + + + 63%
Sonchus oleraceus L. Therophyte - + + + + + + + + + + + + + + + + + + + 100%
Symphyotrichum
squamatum Chamaephyte/ B o
(Spreng.) Hemicryptophyte * * * * * + * * * * 53%
G.L.Nesom
Taraxacum sp. - - + + + 16%
Tolpis umbellata Y
Bertol. Therophyte - + + + + + 26%
Tolpis virgata (Desf.) . o
Bortol. Hemicryptophyte - + + + 16%
Tragopogon
porrifolius subsp. Therophyte/ B o
Eriospermus (Ten.) Hemicryptophyte * * * * * * * * * 47%
Greuter
Urospermum
picroides (L.) Scop. Therophyte - + + + + + + + + + + + + + + + 79%
ex EW.Schmidt
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Xanthium o
strumarium L. Therophyte - + + 11%
Campanulaceae  Campanula erinus L. Therophyte - + 5%
Anchusa aegyptiaca o
(L)ADC. Therophyte - . -
Anchusz? fzurea Hemicryptophyte - + + + + 21%
Mill.
Anchusa undulata
subsp. hybrida Hemicryptophyte - + + + 16%
(Ten.) Bég.
Borago officinalis L. Therophyte - + 5%
Cerinthe major L. Therophyte - + 5%
Cynoglossum .
colummnae Ten. Therophyte - + + + 16%
Cynoglossum . o
cretictm ML Hemicryptophyte - + + + + + + + + + 47%
Boraginales Boraginaceae Echi
Sl Therophyte/ o
angustifolium subsp. Hemicrvbtophvte - + + + + + + + + + 47%
angustifolium yptophy
Echium italicum
subsp. biebersteini . N
(Lacaita) Greuter & Hemicryptophyte - + + + + + + + 37%
Burdet
Echium Therophyte/ o
plantagineum L. Hemicryptophyte . * * * * 2%
Heliotropium 9
dolosum De Not. Therophyte ) * 5%
Heliotropeun Therophyte - + + + + + + + + + + + + + + + + 84%
europaeum L.
Neatostema apulum Therophyte : + 59

(L.) LM.Johnst.
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Biscutella didyma L. Therophyte - + + 11%
Capsella
bursa-pastoris (L.) H :r:.eioplt\yti/ " - + 5%
Medik. emicryptophyte
Eruca vesicaria (L.
Cav. () Therophyte - + + 11%
Hirschfeldia incana Therophyte/ : o
(L.) Lagr.-Foss hemicryptophyte * + * * * 26%
Brassicales Brassicaceae Raphanus
- 00
raphanistrum L. Therophyte * * 1%
Sinapis alba L. Therophyte - + + + + + + + + + + + + + + + + 84%
Sinapis arvensis L. Therophyte - 0%
Sisymbrium o
officinale (L.) Scop. Therophyte ) * 5%
Sisymbrium o
orientale L. Therophyte - + 5%
Capparaceae Capparis spinosa var. Chamaephyte/ - + + + + + + + + + + + + + + 74%
canescens Coss. Phanerophyte
Amaranthus
blitoides S.Watson Therophyte - + + + + + + + + + + + + + + + + 84%
Amaranthaceae
Amaranthus Therophyte - + + + + + + + + + + + + 63%
retroflexus L. phy °
Agrostem]ina githago Therophyte _ . 59%
Cerastium o
Caryophyllales clomeratum Thuill. Therophyte - + 5%
Caryophyllaceae  Silene colorata Poir. Therophyte - N =
Silene vulgaris Chamaephyte/ ~ o
(Moench) Garcke Hemicryptophyte * * * * 2%
Stellaria media (L.) Therophyte/ 9
Vill. Hemicryptophyte . * * * * * * * * 42%
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Atriplex sp. Chamaephyte - + 5%
Therophyte/ 9
Betasp. Hemicryptophyte . * * 11%
Chenopodiastrum
s.pufrffei]fé];fua & Therophyte - + o+ + o+ + + + 37%
Borsch
Chenopodiaceae ;
Chenopodﬁum albunm Therophyte - + + + + + + + + + + + + + 68%
Chenopodium
DZ )L:l‘z/{;)%u]n ;(S;ch}f?; Therophyte - + + + + + + + + + 47%
Ziz
Polygonum Th hvt : + 59,
aviculare L. erophyte ?
Polygonaceae R
umex o
bucephalophorus L. Therophyte ) + * 11%
Portulacaceae Portulaca oleracea L. Therophyte - + + + + + + + 37%
Tamaricaceae Tamarz)]c:);éz roiflora Phanerophyte - 0%
. . Geophyte/ 9
Bryonia cretica L. Hemicryptophyte - + + 11%
Cucurbitales Cucurbitaceae : N
Ecballium elaterium o
(L) A-Rich. Geophyte - + + 11%
Cupressales Cupressaceae Smf;:;zzz L Phanerophyte - + + + + + + + + + + + 58%
Lomelosia brachiata
(Sm.) Greuter & Therophyte - + 5%
Dipsacaceae Burdet
Dipsacales i
a tmf)itarl;;gi(;a L. Hemicryptophyte - + + n ¥ 21%
Valerianaceae Valerianella sp. Therophyte - + + 11%
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Ericales Primulaceae Anagallis arvensis L. H Th_erophyte/ - + + + + + + + + + + + + + + 74%
¢ emicryptophyte
Anthyllis inulnemrza Hemicryptophyte } + + 11%
Bituminaria
bituminosa (L.) Hemicryptophyte - + + 11%
C.H.Stirt.
Calicotome villosa o
(Poir.) Link Phanerophyte - + 5%
Ceratonia siliqua L. Phanerophyte - + + 11%
Cicer arietinum L. Therophyte - 0%
Coronilla scorpioides o
(L) W.D.J.Koch Therophyte - + + 11%
Ebenus cretica L. Chamaephyte - + 5%
Genista Chamaephyte/ B 4 59%
acanthoclada DC. Phanerophyte ?
Hippocrepis biflora Therophyte - + + 11%
Fabales Fabaceae Spreng.
Hippocrepis ciliata o
PP Wiﬁ d Therophyte - + 5%
Anthyllis circinnata o
(L) D.D.Sokoloff Therophyte - + + 11%
Lathyrus aphaca L. Therophyte - + + 11%
Lathyrus cicera L. Therophyte - + + + 16%
Lotus cytisoides L. Hemicryptophyte - + + + + + + + 37%
Lotus edulis L. Therophyte - + + + + + + + + + 47%
Lotus o
ornithopodioides L. Therophyte - + + + + + + + + + + + + + + + 79%
Lotus peregrinus L. Therophyte - + + 11%
Lupinus albus L. Therophyte - + 5%
Lupinus o
angustifolius L. Therophyte - + 5%
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Medicago arabica L. Therophyte - + 5%
Medicago arborea L. Phanerophyte - + + + + + 26%
Medicago ciliaris (L.) o
AlL Therophyte - + 5%
Medicago littoralis
Rohde ex Loisel. Therophyte ” + 5%
Medicago orbicularis o
(L.) Bartal. Therophyte - + + + + + + + + + + 53%
Medicago Therophyte - + + + + + + + + + + + + + + + + + + + 100%
polymorpha L.
Medicago scutellata o
(L) Mill. Therophyte - + 5%
Melilotus indicus o
(L) ALL Therophyte - + + + + + 26%
Onobrychis o
caput-galli (L.) Lam. Therophyte - + + + + + + + + 42%
Ononis pubescens L. Therophyte - + + + 16%
Ononis viscosa o
subsp. breviflora Therophyte ) * 5%
Ornithopus o
compressus L. Therophyte - + 5%
Lathyrus oleraceus o
Lam. Therophyte - + + + 16%
Scorpiurus
mricatus L. Therophyte - + + + + 21%
Coronilla securidaca o
L Therophyte - + + + + + 26%
Sulla spinosissima
L.) B.H.Choi & Therophyte - + + 11%
phy
H.Ohashi
Lotus tetragonolobus o
Lo Therophyte - + + + + + 26%
Trifolium Therophyte _ " + + + 21%

angustifolium L.
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Trifolium campestre o
Schreb. Therophyte - + + + + + + + + 42%
Trifolium repens L. Hemicryptophyte - + + + + + 26%
Try‘olzumLstellatum Therophyte ) + + + 16%
Trifolium o
tomentosum L. Therophyte } * * 1%
Tripodion
tetraphyllum (L.) Therophyte - + + + + + + + 37%
Fourr.
Vicia hybrida L. Therophyte - + + 11%
Vicia peregrina L. Therophyte - + + 11%
Vicia sativa L. Therophyte - + + + + + + + + 42%
Vicia faba L. Therophyte - + + + 16%
Juglandaceae Juglans regia L. Phanerophyte - + + + 16%
Apocynaceae Nerium oleander L. Phanerophyte - + + + + + + 32%
Blackstonia o
perfoliata (L.) Huds. Therophyte - + + 11%
Centaurium
Gentianaceae pulchellum (Sw.)
Hayek ex o
Hand -Mazz., Therophyte - + + + + + + + 37%
Stadlm., Janch. &
Faltis
Gentianales Cruczane}ljﬂ latifolia Therophyte B + + 1%
Crucianella o
macrostachya Boiss. Therophyte ) * 5%
Galium aparine L. Therophyte - + + + + + + + + 42%
Rubi i
ubiaceae Gullur}tj setaceum Therophyte : + + 11%
am.
Rubia tinctorum L. Hemicryptophyte - + 5%
Sherardia arvensis L. Therophyte - + 5%
Valantia hispida L. Therophyte - + 5%
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Erodium cicutarium o
(L) I/Her. Therophyte - + + + + 21%
Erodium gruinum o
(L) I'Hér. Therophyte - + + + + + + 32%
Erodium malacoides Therophyte/ B + + + + " + + + . + + + + + 749
Geraniales Geraniaceae (L.) 'Hér. Hemicryptophyte °
Erodium moschatum Therophyte/ 9
(L.) 'Hér. Hemicryptophyte . * * * * * * * 37%
Geranium molle L. Therophyte - + + 11%
Geranium o
rotundifolium L. Therophyte . * * 11%
Acanthaceae Acanthl{i SpHosus Hemicryptophyte - + + + + 21%
Ajuga iva (L.) . ~ o
Sehreb. Hemicryptophyte + 5%
Lamium o
amplexicaule L. Therophyte - + + + + + + + 37%
Lﬂvunduﬁl stoechas Phanerophyte - + + + + 21%
Melissa officinalis L. Hemicryptophyte - + 5%
Micromeria nervosa o
' (Dest.) Benth. Chamaephyte - + + + + 21%
Lamiales
Lamiaceae Origanum 9
dictammus L. Chamaephyte PD67/81 + + 11%
Origanum onites L. Chamaephyte - + + + + + 26%
Prasium majus L. Phanerophyte - + + + 16%
SalmaSRosmarmus Phanerophyte - + + + + + + 32%
penn.
Salvia fruticosa Mill. Phanerophyte - + + 11%
Salvia verbenaca L. Hemicryptophyte - + 5%
Salvia viridis L. Therophyte - + + + 16%
Satureja thymbra L. Chamaephyte - + + 11%
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Sideritis romana
subsp. curvidens Therophyte - + 5%
(Stapf) Holmboe
Stachys cretica . .
subsp. cretica Hemicryptophyte - + + + 16%
Stachys spinosa L. Chamaephyte - + 5%
Teucrium alpestre o
Sm. Chamaephyte - + 5%
Thymbra capitata o
(L) Cav. Chamaephyte - + 5%
Vitex agnus-castus Phanerophyte B + 59
Oleaceae Olea europaca subsp. Phanerophyte - + + + + + + + + + + + + + + + + + + 95%
europaea
Parentucellia o
latifolia (L.) Caruel Therophyte . * 5%
Bellardia trixago (L.) o
AlL Therophyte - + + + + 21%
Parentucellia viscosa o
Orobanchaceae (L) Caruel Therophyte - + + 11%
Orobanche :
pubescens d'Ur. Therophyte - + + + 16%
Orobanche mutelii o
EW.Schultz Therophyte - + + + + + + + + + + + + + + + + 84%
Kickxia elatine (L.) o
Dumort. Therophyte - + + + + + + + + + + 53%
Misopates orontium o
(L) Ratf. Therophyte - + 5%
Plantago afra L. Therophyte - + + + 16%
Plantaginaceae
& Plantago lagopus L. Therophyte - + + + + 21%
Plantago Llanceolata Hemicryptophyte B . 5%
Veronica cymbalaria Therophyte ~ + . 1%

Bodard
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Veronica persica o
Poir. Therophyte - + + + + + 26%
Serop. hulﬁrm lucida Hemicryptophyte - + + + 16%
Scrophularia Therophyte - + 5%
. peregrina L.
Scrophulariaceae
Verbascum . o
macrurim Ten. Hemicryptophyte - + 5%
Verbascum Hemicryptophyte - + + + + + + + 37%
sinuatum L. yptophy
Verbenaceae Verbena officinalis L. Hemicryptophyte - + + 11%
Laurales Lauraceae Laurus nobilis L. Phanerophyte - + 5%
Andrachne o
telephioides L. Chamaephyte - + + + 16%
Chrozophora o
tinctoria (L) A Juss. Therophyte - + + + + + + + 37%
hEuphorme Therophyte _ + + 11%
Euphorbiaceae chamaesyce L.
Euphorbia exigua L. Therophyte - + 5%
Eup horlﬁu Therophyte - + + + + + + + 37%
Malpighiales helioscopia L.
Euphorbia peplus L. Therophyte - + + + + + + + 37%
Mercuru]zjzs ana Therophyte - + + + + + + + + 42%
Hypericum
Hypericaceae triquetrifolium Geophyte - + + + + + + + + + + + 58%
Turra
. Linum bienne Mill. Therophyte/ - + + 11%
Linaceae Hemicryptophyte
Linum strictum L. Therophyte - + + + + + + + 37%

https://doi.org/10.3390/d18080444


https://doi.org/10.3390/d18080444

Diversity 2026, 18, 444 25 of 36

Table 3. Cont.

Olive Orchards

X Organic Conventional Abandoned
Species ID
jos) T jes] oo = jes] = T = jes] T = jes] Jes) = jes] = es] T Species
E = = = B = B = = = B = = B = B = = Frequency
< < < < E < E < E < < E < < E < £ < <
. . Raunkizr Life Conservation - I w s o o ® © = = Juy = = = = = = 9 =
Order Family Species Name Form Classification Status o © o o © o o © 5 o} A A A A A A A > s
Cistus creticus L. Chamaephyte - + 5%
Cistus parviflorus Chamaephyte _ i 5%
Cistaceae Lam.
Fumana arabica (L.) o
Spach Chamaephyte - + + 11%
Hibiscus trionum L. Therophyte - + 5%
Malvales Malva nicaeensis Therophyte/ o
All Hemicrvotophyte - + + + + + + + + + + + + + + + + + 89%
Malvaceae - YPOPY
. Therophyte/ 9
Malva sylvestris L. Hemicryptophyte - + + 11%
Malva unguiculata o
(Dest.) Alef. Phanerophyte - + + + + + 26%
Thymelaea hirsuta o
Thymeleaceae (L) Endl. Phanerophyte - + + + + 21%
Lythrum junceum Therophyte/ . 59
. - o
Lythraceae Banks & Sol. Hemicryptophyte
Myrtales Punica granatum L. Phanerophyte - + 5%
Myrtaceae Myrtus communis Phanerophyte - + 5%
Oxalidales Oxalidaceae Oxalis pes-caprae L. Geophyte - + + + + + + + + + + + + + + + + + + + 100%
Cyperaceae Cyperus rotundus L. Geophyte - + + + + + + 32%
Aegilops sp. Therophyte - + + + + + 26%
Aira elegans Willd. Therophyte - + + 11%
Avena bar‘buta Pott Therophyte - + + + + + + + + + + + + + + + + + + 95%
ex Link
Avena sativa L. Therophyte - + + 11%
Poales Poaceae Avena sterilis L. Therophyte - + + + + + + + + + + + + + + + + + + 95%
Brachypodium
distachyon (L.) Therophyte - + 5%
PBeauv.
Briza maxima L. Therophyte - + + + + 21%
Briza minor L. Therophyte - + + 11%
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Bromlg(:itzﬁndrus Therophyte - + + + + + + + + + + + + + 68%
Bromus liiordeaceus Therophyte _ i + + + 21%
Brom%su z[l;taegredzus Therophyte _ N 5%
Bromus rgadrltenszs Therophyte B N N + . . N + . " + . 4 + ¥ + n i 89%
Bmmﬁi 1{_‘]rz{quilus Therophyte _ + 5%
Bromus sterilis L. Therophyte - + + + 16%
T TR — : C C
Cy nrzg(;npip;cstylon Geophyte - + + + + + + + + + + + + + + + + + 89%
Dactylis I:glomemttz Hemicryptophyte _ + 5%
Dasypyrum o
villosum (L.) Borbas Therophyte ) * i " ' 2
Gastridium
(G:Liz:)lgocﬁrgz & Therophyte - + + + + + + 32%
Thell.
Hordeumeulbosum Hemicryptophyte ~ + + + 16%
HordeumLmurmum Therophyte B N N . . N . " . + 4 + i n i 74%
Hordeum vulgare L. Therophyte - + + + + 21%
Hordeum vulgare
Graebn.
Hy pf{shgf;;?ma Hemicryptophyte - + + 11%
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Lagurus ovatus L. Therophyte - + + + 16%
Lolium perenne L. Hemicryptophyte - + + + 16%
Lolium rigidum o
Gaudin Therophyte - + + + + + + + + + + 53%
Melica ciliata L. Hemicryptophyte - + 5%
Phalaris minor Retz. Therophyte - + + + + + + + + + + 53%
Phragmites australis Geophyte/ B o
subsp. australis Hemicryptophyte * * * * 21%
Oloptum miliaceum
(L.) Roser & HCha'maept)hy}tle/t - + + + + + + + + + + + + + + + + + 89%
Hamasha emicryptophyte
Rostraria cristata o
(L) Tzvelev Therophyte - + S + + + 37%
Setaria verticillata o
(L) PBeauv. Therophyte - + + + + + + + + + + + + 63%
Sorghum halepense )
(L) Pers. Geophyte - + + + + + + 32%
Stipellula capensis
(Thunb.) Roser & H Therop}t\yt;/ " - + + + 16%
Hamasha emicryptophyte
Triticum aestivum L. Therophyte - + 5%
Vulnerable in
. The Red Data
Leontice
leontopetalum Book
Berberidaceae Hemicryptophyte Of Rare And + + 11%
subsp.
leontopetalum Threatened
P Plants Of
Greece
Ranunculales Fumaria officinalis Therophyte - + 5%
Roemeria hybrida Therophyte B . 5%
(L) DC.
Papaveraceae
Papaver purpureo-
marginatum Therophyte - + + + + + + 32%
Kadereit
Papaver rhoeas L. Therophyte PD67/81 + + + + + + + 37%
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Am)momi coronaria Geophyte ) . . . . . 26%
Nigella arvensis L. Therophyte - + 5%
Ranunculus .
Ranunculaceae asiaticus L. Hemicryptophyte - + + + 16%
RanunculLus bullatus Hemicryptophyte B + 59
Ranunculus Hemicryptophyte - + 5%
neapolitanus Ten. yptophy °
Moraceae Ficus carica L. Phanerophyte - + + + + 21%
Morus sp. Phanerophyte - + 5%
Rhamnaceae Rhamnuialatemus Phanerophyte - + 5%
Eriobotrya japonica Phanerophvte - + + + + + 26%
(Thunb.) LindL. phy
Prunus armeniaca L. Phanerophyte - + + 11%
Prunus webii o
(Spach) Fritsch Phanerophyte - + + + + + 26%
Rosales Prunus persica (L.) B o
Batsch Phanerophyte + + 11%
Rosaceae Pyrus spinosa
Forssk. Phanerophyte - + + + 16%
Rubus sanctus Phanerophyte PD67/81 + .o+ o+ + + 32%
Kuntze
Sanguisorba minor . o
8 Scop. Hemicryptophyte - + + 11%
Sarcopoterium o
spinosunm (L.) Spach Chamaephyte - + + + 16%
Parietaria cretica L. Heﬁiiop}tlgti/ te - + 5%
Urticaceae YPtoPhy
Urtica urens L. Therophyte - + + + + + + 32%
Santalales Santalaceae Osyris alba L. Phanerophyte - + 5%
Sapindales Anacardiaceae Pistacia lentiscus L. Phanerophyte - + 5%
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Convonvulus . o
altheoides L. Hemicryptophyte - + + + 16%
Convonvulus . o
Convolvulaceae arvensis L. Geophyte/Hemicryptophyte - + + + + + + + + + + + + 63%
Convoloulus Chamaephyte/Phanerophyte - + 5%
Solanales dorycnium L. amaephyte/hanerophyte ?
Mandragora . .
officinarim L. Hemicryptophyte - + + + + + + + 37%
Solanaceae Solanum nigrum L. Phanerophyte - + + + + + + + + + + + + + + + 79%
Solanum Iftbemsum Geophyte B . + 1%
Vitales Vitaceae Vitis vinifera L. Phanerophyte - + + 11%
Total number
. —_ —_ —_ —_
of species per Q = 2 & > b % o S 3 ~ & & & N g EN = 3

olive orchard
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Table 4. Total species and family richness across the different management systems and agroecological
zones, together with the mean species and family richness (£standard error), and the significance of
univariate comparisons between the paired olive orchards.

Fact Total Species Total Family
actor Richness Richness
Management Organ.lc 257 26
System (MS) Conventional 192 50
y Abandoned 195 45
Agroecological Hilly 316 59
Zone (AZ) Plain 128 43
Univariate comparisons of paired olive orchards
Mean Species Mean family
Factor . .
richness richness
Management Organic 66.83 + 7.05 28.17 + 1.74
S stegl (MS) Conventional 63.17 £ 791 26.33 £1.45
y Significance NS NS
A loeical Hilly 78.33 £5.20 26.33 £ 1.54
*‘ggiceo(zgzl)ca Plain 54.67 & 5.41 25.17 £ 1.17
Significance p=0.01 T (p = 0.057)

Values shown are main effect means + SE; NS: not significant (p > 0.1); T: trend (0.1 > p > 0.05).

4. Discussion

This study confirms the rich floristic diversity of olive orchards and highlights their
importance as islands of biodiversity [54], supporting previous findings reported from
mainland Greece [1,4,7] and across the Mediterranean region [17,55-60].

Our findings provide additional evidence and insights into the floristic diversity of
olive orchards in Crete, a topic that has not previously been systematically investigated.
The findings are consistent with previous sporadic descriptions of olive orchard flora in
Crete reported by Varhamidis [10], as well as with broader floristic surveys that included
cultivated crops and natural habitats [13,15,33].The results regarding the floristic com-
position of olive orchards are also consistent with previous studies on floristic diversity
conducted in mainland Greece and across the Mediterranean region [4,7,10,16,24,38-40,61].

Across these studies, olive orchards were found to be dominated by annual thero-
phytes and by biennial and perennial hemicryptophytes. as previously reported for Lesvos
island and Thessaly in mainland Greece [4,7,55]. The high abundance of therophytes and
hemicryptophytes can be attributed to evolutionary adaptations, including the production
of large numbers of seeds, seed dormancy (resulting in high seed longevity), rapid growth
and short life cycles, which enable them to establish in disturbed habitats [5]. The domi-
nance of therophytes and hemicryptophytes has been also been reported on grazed land in
Crete [62] and in other anthropogenically disturbed land habitats [63,64], supporting the hy-
pothesis that the prevalence of these life forms is associated with anthropogenic disturbance
in agroecosystems. Similarly the higher frequency of chamaephytes and phanerophytes in
less disturbed land [65] supports the finding that spontaneous chamaephytes and phanero-
phytes are more common in abandoned olive orchards and is consistent with previous
floristic surveys in olive orchards [6,66].

The floristic community of the surveyed olive orchards is mainly composed of species
belonging to the families Asteraceae, Fabaceae, and Poaceae. The high number of species
within these families [67], together with the fact that they are among the most species-
rich families recorded in olive orchards [7], probably explains this pattern. This pattern
is better explained by the evolutionary adaptations and life-form strategies of species
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within these families, which are predominantly therophytes and hemicryptophytes. These
adaptations include the production of large numbers of seeds, rapid growth, and short life
cycles enabling these species to establish and persist in disturbed habitats. Similar floristic
composition has also been recorded in previous studies in Crete, mainland Greece and the
Mediterranean region. These studies likewise recorded monocotyledons, such as Avena spp.,
Bromus spp. and Cynodon dactylon, and dicotyledons such as Crepis vesicaria, Heliotropium
europaeum, Lactuca serriola, Malva nicaeensis, Medicago polymorpha, Oxalis pes-caprae, Sinapis
alba and Sonchus oleraceus [7,16,57].

The higher total species and family richness together with the higher mean species
and family richness observed in organic orchards compared with the conventional or-
chards, suggest a positive influence of organic management on the floristic diversity of
olive orchards, although the differences between the two management systems were not
statistically significant. Similar findings have also been reported in previous studies con-
ducted in Greece and other Mediterranean regions [7,28] and are probably explained by
the less intensive management and the absence of synthetic chemical fertilisers in organ-
ically managed olive orchards [7,24,42]. This positive effect is likely attributable to the
lower management intensity and the absence of synthetic chemical fertilisers in organically
managed olive orchards. We hypothesise that the lack of statistical significance between
management systems may be explained by the wide range of farming practices applied
within both systems, which may reduce the magnitude of the expected differences. Since
Green Infrastructure (GI) elements and agroecological practices were implemented only in
the organic orchards included in this study, the higher total species and family richness,
together with the higher mean species richness observed in organic orchards, may indi-
cate that GI has a positive influence on floristic diversity, potentially contributing to the
development of High Nature Value (HNV) olive orchards.

To the best of our knowledge, this is the first study to report significantly higher
plant species richness in hilly than in plain agroecological zones within olive orchard
agroecosystems. This finding may be attributed to the lower intensity of agricultural
management typically applied in hilly olive orchards. Furthermore, differences in edapho-
climatic conditions between the two agroecological zones, including higher precipitation
and less extreme temperature fluctuations [41], may also contribute to the higher flora
species richness observed in hilly olive orchards.

Several species recorded in olive orchards have experienced long-term population
declines in agricultural landscapes as a result of agricultural intensification. One such
species recorded in the surveyed olive orchards is Leontice leontopetalum. Historically re-
ported as a common weed, L. leontopetalum is now listed in The Red Data Book of Rare
and Threatened Plants of Greece [68] and is currently recorded only sporadically in certain
areas of Crete. Similar patterns have also been observed for other agricultural species, par-
ticularly archaeophytes, as reported in previous floristic studies [36,58]. In total, 16 of the
species recorded in this study are protected under the Greek Presidential Decree 67/81 (PD
67/81) [69]. The endangered species L. leontopetalum, together with the majority of the pro-
tected species listed under the Presidential Decree 67/81 (PD 67/81), most of which belong
to the family Orchidaceae, were recorded only in the surveyed organic and abandoned olive
orchards. This finding suggests that traditional management and agroecological farming
practices may contribute to the conservation of floristic diversity [4,7,58]. Moreover, sev-
eral species appear to show a preference for specific agroecological zones, supporting the
hypothesis that agroecological zones are important drivers of agroecosystem community
composition [31]. The occurrence of species associated with the phrygana ecosystems of the
adjacent Natura 2000 area within nearby olive orchards—including Muscari spreitzenhoferi,
Cistus creticus, Cistus parviflorus, Genista acanthoclada, and Calicotome villosa—highlights
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the importance of High Nature Value (HNV) olive orchards that implement Green Infras-
tructure (GI). Such orchards may contribute to improving ecological connectivity between
protected natural areas and surrounding agricultural landscapes by providing semi-natural
habitat patches within agricultural land that act as islands of biodiversity.

Further analyses examining the effects of individual farming practices are needed
to better understand the drivers of floristic community composition in olive orchards.
Such analyses may help identify management systems and farming practices that promote
floristic diversity and support the environmental sustainability of olive cultivation in Crete.

5. Conclusions

This study represents the first comprehensive floristic survey in olive orchards in the
Messara Valley, and provides the first detailed descriptive analysis of the floristic compo-
sition and diversity of one of the largest olive oil-producing regions in Crete and Greece.
In addition, the study provides new records of species in the olive orchards in the study
area. The extended study period (seven and a half years), the replicability of the survey,
and the consideration of the factors of management system and agroecological zones in
the study design underlines the novelty of this floristic investigation. Differences in total
species and family richness, together with the observed preference of certain species for a
particular management system (organic, conventional, and abandoned), indicate the po-
tential influence of management system and Green Infrastructure (GI) on shaping floristic
community composition. However, further investigation is required as no statistically sig-
nificant differences between management systems were observed. The apparent preference
of several species of conservation concern such as Leontice leontopetalum, and Orchidaceae
species, and endemic species, such as Ebenus cretica, with organic and low-input olive
orchard management, highlights the potential contribution of Green Infrastructure (GI) to
the conservation of floristic diversity in olive orchards.

The survey highlights the importance of agroecological zone as a factor influencing
floristic composition in olive orchards. The statistically significantly higher species richness
observed in olive orchards located in the hilly agroecological zone, compared with orchards
in the plain, suggests that more favourable edaphoclimatic conditions, together with the
lower intensity of farming practices and inputs used in traditional olive production systems,
may support and conserve floristic diversity.

In conclusion, the high diversity of flora species recorded in olive orchards, includ-
ing protected species of conservation importance, confirms that olive orchards serve as
important reservoirs of floristic diversity. As such, they play a key role in conserving plant
biodiversity and may enhance ecological connectivity between neighbouring protected
natural areas, such as Natura 2000 sites, and the wider agricultural landscape.
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