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Abstract: Plants regulate their rhizosphere microbiome, which partly comprises the fungal com-
munity. We conducted a study in order to determine the effect that five medicinal plant species
(Origanum syriacum, Salvia fruticosa, Teucrium capitatum, Myrtus communis and Pistacia lentiscus) have
on the fungal community in their rhizosphere. We measured abiotic parameters and used sequencing
to determine the structure of the rhizosphere fungal community, both taxonomically, as phyla and
genera, and functionally, as trophic modes. Our data shows that the rhizosphere fungal communities
were significantly different, both taxonomically and functionally. The rhizosphere of M. communis
had a significant relative abundance of saprotrophs and a lower relative abundance of symbiotrophs
than the control soil and the rhizosphere of T. capitatum. The relative abundance of the genus Aure-
obasidium was significantly higher in the rhizosphere of P. lentiscus than in the control and for all
other rhizospheres, but that of S. fruiticosa. The relative abundance of genus Alternaria was lower in
the rhizospheres of S. fruticosa and M. communis than in the control soil. Our results highlight the
potential use of these plants in agroforestry, as a means to influence the soil fungi population.

Keywords: soil fungi; rhizosphere; FUNGuild; microbiome

1. Introduction

The plant rhizosphere is defined as the interaction zone between the root system and
the soil environment. According to Philippot [1], the root zone region comprises a diverse
community of microorganisms and invertebrates that affect the plant by direct and indirect
interactions. Plants influence the rhizosphere microbiome by releasing root exudates into
the soil and producing root litter [2,3].

One of the most important and abundant microbial communities in the rhizosphere
are the fungi, which play a major role in carbon and nutrient cycling in ecosystems. Some
of the soil fungi may create a symbiotic connection with plant roots, in which the fungi
subsist on organic carbon transferred by the plant to its underground parts. In return,
the plant receives nutrients and the alleviation of various forms of stress [4]. Other fungi
populations act as decomposers (saprotrophs), playing a major role in nutrient cycling,
thus providing nutrients for plants [5]. There are also plant pathogenic fungi, which feed
off the plant and provide nothing in return, thus harming the plant [6]. As a result of their
continuous effort, the scientific community has determined the function of many fungal
taxa and has developed tools to analyze the function of the fungi in a community [7].

Medicinal plants produce secondary plant metabolites in one or more of their parts
and affect a wide range of microorganisms [8]. These plants have been used as medicine
for humans [9] for at least 5000 years [10], and even today their importance is recognized
globally [11]. Many of the drugs developed over the last several decades are either defined
mixtures of botanical products, unaltered natural products, or natural product deriva-
tives; many derived from, or are, plant parts [12,13]. Interestingly, some of the medicinal
compounds in plants are not synthesized by the plants themselves but rather by their
microbiome [14].
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Additionally, medicinal plants can affect the abundance of pathogenic fungi in the soil
and their influence on newly rooted plants, such as in the study by Li et al. in 2018, that
showed the suppressive effects that Atractylodes lancea have on Fusarium [15]. Due to these
reasons and others, several previous papers described the fungal rhizosphere community
of different medicinal plants. Abdul Latif Khan et al. described, in 2020, the rhizosphere
fungal communities of Adenium obesum, Aloe dhufarensis and Cleome austroarabica [16], all of
which had a high relative abundance of phyla Ascomycota. Genus Acremonium was found
to be relatively abundant in the rhizospheres of A. obesum and A. dhufarensis, while genus
Corynascus was abundant in the rhizosphere of C. austroarabica. Villalobos-Flores et al.
described the rhizosphere fungal community of the medicinal plant Bouvardia ternifolia
in 2021 [17], and found that it has a high relative abundance of class Sordariomycetes. A
comprehensive list was written by Kushwaha et al. in 2020 [18].

In this study, we sampled the soil rhizosphere of the following five medical plants:
Myrtus communis, Origanum syriacum, Pistacia lentiscus, Salvia fruticose and Teucrium capi-
tatum, inhabiting natural systems in a Mediterranean environment. In this study, we aim
to determine the effect the researched plants have on the fungal community composition
in their rhizosphere. We hypothesize that the effect on the rhizosphere of each plant will
be expressed by significantly different relative abundances of fungal taxa, and a relative
abundance of different functional fungal modes.

2. Materials and Methods
2.1. Study Site

The study site is located in Neot-Kedumim, a nature reserve and park in Israel near the
city Modi’in. The site is located at 31◦56′51′′ N 34◦58′23′′ E at 198 m a.s.l. The common basic
climate of the study site is characterized by rainy winters (October–April) and prolonged
dry summers (June–August). The plant-growing season commences soon after the first
rains, between October and December. Average multiannual rainfall is 350 mm, and the
mean multiannual temperature is 20 ◦C. Vegetation is dominated by shrubs, such as Pistacia
lentiscus, Calicotome villosa, Rhamnus lycioides and Origanum syriacum, and large numbers of
herbaceous (mostly annual) plant species. The soil at the study site is terra rosa.

2.2. Researched Plants—Ecophysiology and Medicinal Use

Origanum syriacum is an eastern Mediterranean perennial evergreen subshrub of the
Lamiaceae family that is 30–50 cm tall, with a woody base and soft-wooly, glandular
hairs, flowering from April to September ([19], p. 573) [20]. It is traditionally used to
treat various ailments and conditions, for example, strengthening heart function, relieving
toothache, and treating colds and infections in the gums, digestive tract, and urinary system.
Studies show that extracts of O. syriacum possesses antioxidant, antibacterial, fungicidal,
and nematocidal activities. Carvacrol, a major component of O. syriacum essential oil,
has been shown to have antimicrobial, antitumor, antimutagenic, antigenotoxic, analgesic,
antispasmodic, anti-inflammatory, angiogenic, antiparasitic, antiplatelet, ache inhibitory,
antielastase, insecticidal, antihepatotoxic, and hepatoprotective activities [21].

Salvia fruticosa is a Mediterranean perennial evergreen shrub of the family Lami-
aceae, at 1.5–1 m tall, covered with white hairs, flowering between March and June ([19],
pp. 572–573) [21]. Traditionally, the plant is used for diverse medicinal purposes, which
vary between different cultures, and treats a plethora of aches and ailments, including
earaches, stomach aches, colds, digestive system disorders, and more [21]. Animal testing
showed that S. fruticosa infusion has a hypoglycemic effect, probably due to its ability to
reduce the intestinal absorption of glucose [22]. Extracts of the plants have been shown to
have in vitro antioxidant properties and in vivo anti-inflammatory effects in mice [23].

Teucrium capitatum is a sub-shrub of the Mediterranean, Irano-Turanic, and Saharo-
Arabic phytogeographic zones. It is a perennial evergreen that grows to about 40 cm
high and flowers between April and August ([19], p. 554). Bedouin tribes in Jordan
traditionally use it for gastrointestinal ailments, general pain, wounds, and diabetes [24],
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and the general Palestinian Jordanian and Persian population use it to treat colic and
diarrhea [25]. Contemporary research shows that extracts of the plant have antimicrobial
properties [25,26] and wound healing potential properties [27].

Myrtus communis is a Mediterranean perennial evergreen shrub or small tree of the
family Myrtaceae, growing up to 5 m tall, with small, sclerophyllous, leathery leaves,
flowering between May and August ([19], p. 455) [28,29]. It has been traditionally used for
a variety of medicinal purposes, including the treatment of disorders in the urinary and di-
gestive systems. Modern studies show that the plant and its extracts have medicinal effects,
which infuse anti-inflammatory, analgesic, antiproliferative, antigenotoxic, neuroprotective,
anti-mutagenic, anti-diabetic, and antiviral effects [29].

Pistacia lentiscus is a Mediterranean perennial evergreen shrub or small tree of the
family Anacardiaceae, 1–5 m tall, flowering between March and April ([30], p. 419) [31].
The plant’s oil has been used in medicine since the 1st century AD by Pliny the Elder and
Dioscorides. Different parts and extracts of the plant are used to this day in traditional hu-
man and animal medicine for ailments and illnesses such as bronchitis, digestive problems,
and more. Accumulative evidence shows possible uses in modern medicine of the various
plant extracts as anti-bacterial, antifungal, antihelmintic, antioxidant, and anticarcinogenic
materials, although some are controversial [31].

2.3. Soil Sample Collection

During the spring, soil samples (0–10 cm, n = 3) were taken from the rhizospheres of
the plants, O. syriacum, S. fruticosa, T. capitatum, M. communis and P. lentiscus, beneath their
canopy, and control samples were taken from an open inter-plant space with a minimal
distance of 3 m from the researched plants.

The soil samples were placed in individual plastic bags and stored in cool insulated
boxes until arrival at the laboratory. Bulk soil samples were kept at 4 ◦C after sieving
(2 mm mesh) in order to remove other organic debris, stones, and root particles. 1.5 mL
of each sieved sample was placed in a sterile plastic vail in −20 ◦C, from which DNA
was extracted.

2.4. Soil Analysis

Soil moisture (%) content was determined gravimetrically by drying soil samples for
24 h at 105 ◦C. The organic-matter content (%) was determined gravimetrically by placing
a dry soil sample in a muffle furnace at 400 ◦C for 4 h and a gravimetrical measurement.
Soil pH was determined by mixing 20 g of soil and 40 mL water, shaking well for 10 min
at 160 rpm, and allowing the mixture to incubate overnight. The liquid was then filtered
through two sheets of filter paper, and the supernatant was measured using a pH electrode.
Electrical conductivity (as µS* cm−1) was determined as an assessment of soil salinity.
The soil was mixed with double distilled water in a 1:10 ratio and was shaken for 30 min
(160 rpm). The samples were left undisturbed overnight at room temperature for the sedi-
ment to settle, and the supernatant was filtered through double filtration paper. Electrical
conductivity of the supernatant was determined by an auto-ranging EC/temp.

2.5. Molecular–Taxonomy Determination

Soil DNA was extracted from 0.5 g soil using an Exgene soil DNA mini kit from
GeneAll (Seoul, Korea). DNA was amplified using PCR using SimpliAmpTM thermal cycler
(Thermo Fisher Scientific, Walham, MA, USA), by mixing 12.5 µL HS Taq Mix Red (PCR
Biosystems, London, UK), 9.5 µL ultrapure water, 1.0 µL extracted DNA, 1 µL CS1-ITS2,
and 1 µL CS2-ITS4. Initial incubation was at 95 ◦C for 2 min, followed by 40 cycles at 95 ◦C
for 15 s, 50 ◦C for 30 s, 72 ◦C for 30 s, and after the cycles, 72 ◦C for 3 min. The amplified
DNA was stored at −20 ◦C until sequencing. Sequencing (Miseq) was performed at the
Hylabs Laboratory Ltd. (Rehovot, Israel), (www.hylabs.co.il) sequencing facility using an
Illumina sequencing platform (Illumina Inc., San Diego, CA, USA).

www.hylabs.co.il
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2.6. Data Processing and Analysis

Data were de-multiplexed using Basespace to generate two FASTQ files per sample.
The FASTQ files were imported into CLC bio v. 12.0.3 (CLC Bio, Aarhus, DK, USA) and
analyzed using the Microbiome tools in CLC, to generate abundance and OTU tables using
the UNITE v7.2 database. The data sets generated in this study were deposited in the NCBI
Sequence Read Archive database under accession number PRJNA788192.

After the removal of all readings of taxa that did not belong to Fungi, each repetition
was normalized to 100%. Taxa registered as fungi but not identified to the level of genera
were included as part of the total readings but not analyzed statistically as genera. In
order to determine fungal function, we used FUNGuild [7], a tool that matches taxa with
ecological guilds and trophic modes, based on contemporary knowledge. Our study
used the trophic mode alone. In order to determine function relating to plants alone,
we disregarded all unrelated guilds (animal pathogens, animal endosymbionts, fungal
parasites, lichen parasites, lichenized fungi, and undefined Parasites). After the removal
of these guilds, trophic modes were redetermined, and taxa with no relevant guilds were
removed from the analysis. We normalized the data such that the sum of all readings with
assigned trophic modes was 100%, and we then calculated the total from each trophic mode
in each replication. Readings of taxa that belonged to multiple trophic modes were divided
equally among these modes.

2.7. Statistical Analysis

Soil abiotic parameters and relative abundances of phyla, genera, and trophic modes
were compared using XLSTAT (Addinsoft) (ANOVA and Duncan’s multiple range test and
Pearson’s correlation coefficients).

3. Results
3.1. Abiotic Variables

The Mean values of the different soil physical parameters of the five plant rhizospheres
and the control soil are presented in Table 1. Soil moisture percentage (SM) ranged from
7.83% in the control soil to 21.73% in the M. communis soil samples. SM was significantly
higher (p < 0.05) in M. communis and P. lentiscus rhizosphere than in both the control and
the T. capitatum soil samples. Organic matter percentage (OM) ranged from 6.37% in the
control soil to 16.57% in P. lentiscus rhizosphere. No significant differences in OM were
found between the samples.

Table 1. Mean values (±SD) of soil abiotic parameters in the rhizosphere of different plants. Different
letters signify significantly different (p < 0.05) values.

Soil Properties Control
Sampled Rhizosphere

O. syriacum S. fruticosa T. capitatum M. communis P. lentiscus

SM (%) 7.83 ± 2.99 b 13.37 ± 1.86 ab 14.23 ± 04.02 ab 10.33 ± 0.87 b 21.73 ± 03.71 a 20.07 ± 10.25 a
OM (%) 6.37 ± 10.84 a 8.40 ± 0.66 a 7.0 ± 01.57 a 7.67 ± 2.57 a 10.07 ± 5.84 a 16.57 ± 12.11 a

pH 8.0 ± 0.06 ab 8.10 ± 0.05 a 7.91 ± 0.07 bc 7.92 ± 0.06 bc 7.91 ± 0.08 bc 7.79 ± 0.09 c
EC 78.57 ± 1.18 a 84.77 ± 12.18 a 83.43 ± 04.65 a 86.3 ± 6.59 a 80.37 ± 05.06 a 83.93 ± 20.40 a

SM—soil moisture; OM—organic matter; EC—electric conductivity as µS* cm−1.

Soil pH ranged between 7.79 in the rhizosphere of P. lentiscus to 8.10 in the rhizosphere
of O. syriacum. The soil from the rhizosphere of O. syriacum was significantly (p > 0.05) more
alkaline than in the rhizosphere of the other plants, and the control soil was significantly
(p > 0.05) more alkaline than the rhizosphere of P. lentiscus.

EC ranged from 78.57 µS* cm−1 in the control soil to 86.30 µS* cm−1 in the T. capitatum
rhizosphere without any significant differences between the samples.
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3.2. Taxonomic Analysis
3.2.1. Phyla

A total of 8 phyla were identified, and all the fungi reads that were not identified to
a specific phylum were designated as unidentified (Table 2, Figure 1). The percentages
of each phylum’s relative abundance in each plant’s rhizosphere are presented in Table 2.
Ascomycota was the most relatively abundant phylum in all rhizospheres and the control,
ranging from 76.52% in the control soil to 88.51% in the O. syriacum rhizosphere. Basidiomy-
cota was the second most abundant phylum in all rhizospheres and the control soil, ranging
from 5.49% in the T. capitatum rhizosphere to 12.74% in the M. communis rhizosphere.

Table 2. Mean values (±SD) of soil fungal phyla relative abundance (%) in the rhizospheres of the
different plants and the control. Different letters signify significantly different (p < 0.05) values.

Phyla Control
Sampled Rhizosphere

O. syriacum S. fruticosa T. capitatum M. communis P. lentiscus

Asco 76.52 ± 8.54 b 88.51 ± 1.0 a 86.55 ± 6.95 ab 80.1 ± 6.3 ab 80.37 ± 05.5 ab 87.33 ± 3.89 ab
Basidio 8.87 ± 5.33 a 6.20 ± 0.72 a 7.67 ± 5.13 a 5.49 ± 1.54 a 12.74 ± 5.08 a 6.91 ± 1.41 a

Chytridio 1.36 ± 1.28 a 0.07 ± 0.06 b 0.26 ± 0.31 ab 0.25 ± 0.14 ab 0.48 ± 0.7 ab 0.40 ± 0.32 ab
Glomero 5.07 ± 3.69 a 2.11 ± 1.03 ab 1.81 ± 0.47 ab 3.98 ± 1.41 ab 1.69 ± 1.45 ab 1.32 ± 1.39 b
Kickxello 0.0 ± 0.0 b 0.01 ± 0.02 b 0.15 ± 0.02 b 0.0 ± 0.0 b 0.01 ± 0.02 b 0.55 ± 0.45 a
Mortierel 2.81 ± 2.58 a 1.67 ± 1.23 a 2.07 ± 2.4 a 4.16 ± 2.55 a 0.57 ± 0.33 a 1.83 ± 1.23 a
Mucoro 2.63 ± 3.31 a 0.03 ± 0.04 a 0.1 ± 0.14 a 3.57 ± 5.73 a 0.05 ± 0.05 a 0.51 ± 0.32 a
Rozello 0.75 ± 0.77 a 0.35 ± 0.58 a 0.12 ± 0.15 a 0.07 ± 0.06 a 0.15 ± 0.24 a 0.36 ± 0.62 a

unid 2.0 ± 1.21 ab 1.04 ± 0.55 b 1.28 ± 0.45 b 2.37 ± 1.31 ab 3.92 ± 1.98 a 0.79 ± 0.57 b

Asco—Ascomycota, Basidio—Basidiomycota, Chytridio—Chitridiomycota, Glomero—Glomeromycota
Kickxello—Kickxellomycota, Mortierel—Mortierellomycota, Mucoro—Mucoromycota, Rozello—Rozellomycota,
unid—unidentified.
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Our data indicated no significant (p > 0.05) differences in the relative abundance of
the phyla Basidiomycota, Mortierellomycota, Mucoromycota, and Rozellomycota between
any of the different rhizospheres or the control soil. The relative abundance of phylum
Ascomycota was significantly (p < 0.05) higher in the rhizospheres of O. syriacum than in the
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control soil. The relative abundance of Phylum Chytridiomycota was significantly (p < 0.05)
higher in the control soil than in the rhizosphere of O. syriacum. The relative abundance
of phylum Glomeromycota was significantly (p > 0.05) higher in the control soil than in
the rhizosphere of P. lentiscus. The relative abundance of phylum Kickxellomycota was
significantly (p < 0.05) higher in the rhizosphere of P. lentiscus than in the control soil or
all other rhizospheres. The relative abundance of fungi with an unidentified phylum was
significantly (p < 0.05) higher in the rhizosphere of M. communis than in the rhizospheres of
O. syriacum, S. fruticosa and P. lentiscus.

3.2.2. Genera

A total of 230 genera were obtained. Table 3 shows the mean value and standard
deviation of the relative abundance of fungal genera (%) in the rhizosphere of the different
plants and the control. The most abundant genus was Aureobasidium (Table 3, Figure 2),
ranging from 0.1% in the rhizospheres of M. communis to 20.42% in the rhizosphere of
P. lentiscus.

Table 3. Mean values (±SD) of fungal genera relative abundance (%) in the rhizospheres of the
different plants and the control. Different letters signify significantly different (p < 0.05) values.

Genera Control
Sampled Rhizosphere

O. syriacum S. fruticosa T. capitatum M. communis P. lentiscus

Aureobasi 0.43 ± 0.22 b 0.30 ± 0.19 b 8.40 ± 13.96 ab 0.80 ± 0.42 b 0.10 ± 0.11 b 20.42 ± 20.43 a
Mycospha 4.17 ± 3.66 ab 6.31 ± 3.79 a 4.77 ± 0.62 ab 4.54 ± 1.96 ab 1.09 ± 0.5 b 3.44 ± 2.91 ab
Alternaria 4.73 ± 4.12 a 2.59 ± 1.19 ab 0.94 ± 0.35 b 3.32 ± 0.35 ab 0.21 ± 0.14 b 1.68 ± 1.59 ab
Podospora 2.27 ± 1.5 ab 1.07 ± 0.37 b 0.88 ± 0.99 b 5.55 ± 4.69 a 0.48 ± 0.71 b 1.01 ± 1.55 b

Knufia 0.3 ± 0.52 b 0.60 ± 0.95 b 0.28 ± 0.22 b 0.0 ± 0.0 b 6.74 ± 2.72 a 0.66 ± 0.77 b

Aureobasi—Aureobasidium, Mycospha—Mycosphaerella.
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The relative abundance of genus Auerobasidium was significantly (p < 0.05) higher
in the rhizosphere of P. lentiscus than in the rhizospheres of O. syriacum, T. capitatum, M.
communis, and the control soil. The relative abundance of the genus Mycosphaerella was
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significantly (p < 0.05) higher in the rhizosphere of O. syriacum than in the rhizosphere of M.
communis. The relative abundance of the genus Alternaria was significantly (p < 0.05) higher
in the control soil than in the rhizospheres of S. fruticosa and M. communis. The relative
abundance of the genus Podospora was significantly (p < 0.05) higher in the rhizosphere
of T. capitatum than in the rhizospheres of O. syriacum, S. fruticosa, M. communis, and
P. lentiscus. The relative abundance of the genus Knufia was significantly (p < 0.05) higher
in the rhizosphere of M. communis than in any other rhizospheres and the control soil.

3.3. Fungal Functional Modes

Fungal functional modes were determined using FUNGuild [7]. Pathotrophic fungi
relative abundance ranged from 13.13% in M. communis and 22.43% in P. lentiscus. The data
showed no statistically significant differences between the different rhizospheres or the
control soil. The relative abundance of the saprotrophic fungi ranged from 55.10% in T. cap-
itatum to 77.57% in M. communis and was significantly (p < 0.05) higher in the M. communis
rhizosphere than in both the T. capitatum rhizosphere and the control soil. Symbiotrophic’s
relative abundance ranged from 9.30% in M. communis to 27.17% in T. capitatum and was
significantly higher in both the control samples and T. capitatum rhizosphere than in the M.
communis rhizosphere (Table 4).

Table 4. Mean values (±SD) of fungal trophic mode relative abundance (%) in the rhizosphere of the
different plants and the control. Different letters signify significantly different (p < 0.05) values.

Trophic Group Control
Sampled Rhizosphere

O. syriacum S. fruticosa T. capitatum M. communis P. lentiscus

PA 20.9 ± 7.47 a 22.0 ± 9.53 a 16.33 ± 6.04 a 17.77 ± 2.91 a 13.13 ± 4.2 a 22.43 ± 9.79 a
SA 56.63 ± 9.15 b 61.17 ± 6.92 ab 67.73 ± 8.13 ab 55.10 ± 12.79 b 77.57 ± 6.67 a 60.83 ± 16.13 ab
SY 22.5 ± 4.95 a 16.87 ± 3.48 ab 15.93 ± 2.43 ab 27.17 ± 10.51 a 9.30 ± 2.56 b 16.73 ± 7.74 ab

PA—pathotrops; SA—saprotrophs; SY—symbiotrophs.

Using Pearson’s pairwise test, we found that the relative abundance of both sapro-
trophic and symbiotrophic fungi correlated significantly (p > 0.01) with soil moisture
(Table 5, Figure 3): the saprotrophic fungi’s relative abundance correlated positively
(r = 0.59), whereas the symbiotrophic fungi’s relative abundance correlated negatively
(r = −0.71) (Table 5, Figures 3 and 4).

Table 5. Pearson’s correlation of abiotic factors and trophic mode relative abundance.

SM (%) OM (%) pH EC (µS* cm−1) SA PA SY

SM (%) -
OM (%) 0.75 ** -

pH NS NS -
EC (µS* cm−1) NS 0.58 NS -

SA 0.59 * NS NS NS -
PA NS NS NS NS −0.79 ** -

SY −0.71 * NS NS NS −0.83
*** NS -

NS—non-significant | * p < 0.01 | ** p < 0.001 | *** p < 0.0001.
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4. Discussion

The results show that the researched plants affected the fungal community structure
in their rhizosphere on both functional and taxonomic levels. Statistically significant
differences were found between the different plant rhizospheres and the control soil in the
relative abundance of different fungal phyla and genera, and the relative abundance of the
different functional groups.

The most relatively abundant fungal phylum in all of the samples was Ascomycota,
and the second most abundant was Basidiomycota, which is found to be a common pattern
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in soils globally [32]. Ascomycota is not only the most abundant fungal phylum but also
the largest in terms of number of species [33]. The phylum Glomeromycota is entirely
comprised of photoautotroph symbiotic fungi [4]. The findings showing that the relative
abundance of the phylum is higher in the control soil, and the inter-shrub soil is higher
than in the rhizosphere of P. lentiscus raise questions regarding the physical distribution of
their mycelia, which are beyond the scope of this study.

The fungal genus with the highest relative abundance in this study was Aureoba-
sidium. It was significantly (p < 0.05) more abundant in the rhizosphere of P. lentiscus
than in the control and all other rhizospheres but that of S. fruticosa, reaching the relative
abundance of 20.42% in the rhizosphere of P. lentiscus. According to Funguild, Aureobasid-
ium are pathotrophs, saprotrophs, and symbiotrophs. Although it may be pathogenic to
some plants, multiple studies of different crops show that Aureobasidium functions as an
antagonist to several plant pathogens [30,34]. It can increase the soil availability of several
nutrients and plant growth [35].

The genus Alternaria consists of saprotrophic-pathogenic fungi [36]. Our results show
that the relative abundance of Alternaria was significantly lower in the rhizospheres of S.
fruticosa and M. communis compared to the control. Previous studies found that extracts
from S. fruticosa [37] and M. communis [38] reduce the growth of some Alternaria species,
which might explain our findings.

The relative abundances of both saprotrophic and symbiotrophic fungi correlated
with soil moisture. Saprotrophic fungi’s relative abundance correlated positively, while
symbiotrophic relative abundance correlated negatively. Research regarding the effect
of different soil moisture content on the saprotrophic and symbiotrophic fungi seems
lacking [39], so we are unable to place this finding in a broader context.

This study is one of the first in which fungal communities in the soil rhizosphere of the
researched plants have been described. Previously published studies described arbuscular
mycorrhizal fungi in P. lentiscus rhizosphere [40–42] and the fungal community in the soil
rhizosphere of M. communis [43]. However, their methods and focus differ from those in
the current study, and as such, a comparison between the results showing no similarities
is expected.

Previous studies have shown that intercropping medicinal plants can benefit soil
microbial health and crop productivity [15]. Further research that includes the intercropping
of M. communis and S. fruticosa might result in lower Alternaria infections in crops.

5. Conclusions

The different plant rhizospheres hosted fungal communities with different structures.
Symbiotroph relative abundance and Saprotroph relative abundance seems to corelate
negatively and positively (respectively) with soil moisture across samples. We found that
the rhizosphere of P. lentiscus had a significantly higher relative abundance of the genus
Aureobasidium than in the control soil, and the rhizospheres of M. communis and S. fruticosa
had a significantly lower relative abundance of genus Alternaria than in the control soil.
We suggest further research should be undertaken investigating the potential use of these
plants in agroforestry to effect fungal populations.
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