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ABSTRACT
Olive (Olea europaea L.) is one of the most important and widely cultivated fruit trees, with high economic, ecological, cultural and scientiﬁc value. China began introducing and cultivating olive in the 1960s, and Yunnan Province is one of the main growing areas. Improving the cultivation and productivity of this tree crop species is an
important challenge. Olive is a typical mycotrophic species and the potential of arbuscular mycorrhizal fungi
(AMF) for this plant is well recognized; nevertheless, studies of olive AMF in China are still very limited. Roots
and rhizosphere soils of olive were sampled from ﬁve representative growing sites in the Yunnan Province of China to investigate the AMF colonization status in the root systems, the AMF community in the olive orchards and
the edaphic factors inﬂuencing the arbuscular mycorrhizal (AM) parameters. Root samples of olive trees from
different growing sites generally showed AMF colonization, suggesting that autochthonous AMF manifest a high
efﬁciency in colonizing the roots of olive plants. The spore density on the ﬁve sites ranged from 81.6 to 350 spores
per 20 g soil. Twenty-three AMF species from 9 genera were identiﬁed in total, and Glomeraceae was the dominant family. The ﬁndings of our study suggested a high AMF diversity harbored by olive growing in different
areas of the Yunnan Province, Southwestern China. Furthermore, the hyphal colonization in roots positively correlated with soil pH and EC. The arbuscule colonization in olive roots negatively correlated with soil pH, EC, OM,
TN, TP and AN. The spore density positively correlated with OM, TN, AN, AP and sand content. Finally, the
Shannon index of AMF in the rhizosphere soil positively correlated with the clay content, but negatively correlated with soil pH, TN and silt content. The high diversity of autochthonous AMF in Yunnan is promising for
screening AMF isolates for utilization in the efﬁcient cultivation of this crop.
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1 Introduction
Arbuscular mycorrhizal fungi (AMF) comprise a main component of the soil microbiota, accounting for
5% to 50% of the biomass of soil microbes [1]. AMF can form symbiotic associations with the majority of
terrestrial plants, including most crops [2–4], and have the beneﬁcial ability to enhance host-plant uptake of
water and soil nutrients and to improve the host plant’s tolerance to various biotic and abiotic stresses [2,5,6].
AMF may also improve soil aggregate stability by building up a macroporous structure of soil that allows
penetration of water and air and prevents erosion [7]. Arbuscular mycorrhizal (AM) symbiosis is the most
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widespread association between plant roots and fungi in natural and agricultural ecosystems [8]; it is
important for promoting the productivity of croplands and for the maintenance of biodiversity [9].
Olive (Olea europaea L.) is one of the world’s most important oil-producing tree crops and has been
considered the most emblematic tree in the Mediterranean basin [10]; it is now spreading to many other
new areas, such as Australia, Chile, Argentina and Peru, with an increasing international demand for
olive oil and table olives [11]. China began importing olive seeds and seedlings from Albania in the
1960s and now cultivates olive trees in 14 provinces, mainly Gansu, Sichuan, and Yunnan [12], covering
an area of 167,000 ha [13]. The olive plant is a highly mycotrophic species that rely on AM symbiosis
[14–18]. Many studies have demonstrated the contribution of AMF to olive growth [19,20], nutrients
uptake [21] and resilience to abiotic stress like drought [22,23] and salinity [24], and biotic stress like
Verticillium wilt disease [25,26]. Information about AMF diversity in olive has been reported mostly from
Mediterranean countries, which are the natural habitats of this species [16,27].
Understanding the diversity and community structure of AMF is an essential prerequisite for effectively
managing and utilizing this important soil microorganism to promote the efﬁcient cultivation of this crop.
Currently, olive AMF research conducted in China is still very limited. In this context, it is important to
study the AM status of olive at the ﬁeld, explore the AMF community associated with this important tree
crop species and know the edaphic parameters driving the AMF diversity and composition. Choosing ﬁve
representative olive growing sites in the Yunnan Province of China for sampling, the objectives of this
study were: (1) to determine the AM status of olive trees in the main growing sites of Yunnan; (2) to
identify the AMF communities associated with olive growing at different geographical sites; and (3) to
explore the relationships among the root AMF colonization, AMF community, and edaphic factors.
2 Materials and Methods
2.1 Location of Olive Orchards and Rhizosphere Sampling
Soil and root samples were collected from ﬁve commercial orchards located in representative olive
introduction and cultivation areas along the Jinsha River, hot-arid valley in Yunnan Province, China
(Fig. 1). Sites XYR (25°58′N 101°40′E, 1700 m asl.) and LYR (26°01′N 101°37′E, 1710 m asl.) were in
Yongren County, SQL (27°16′N 100°16′E, 1724 m asl.) and TYL (27°18′N 100°15′E, 1774 m asl.) were
in Lijiang County, and BZD (28°14′N 99°17′E, 2022 m asl.) was in Deqin County. All sites are
characterized by a semi-arid subtropical monsoon climate with a dry winter, and rainfall occurring mainly
in summer. The detailed climatic characteristics of these study sites were described in Ma et al. [28]. The
soil type of the two sites in Yongren County was purple soil, and that of two sites in Lijiang County and
one site in Deqin County was ﬂuvisols. At sites XYR, LYR, SQL, TYL, and BZD, the sampled olive
plantations were 5, 10, 11, 3, and 19 years old, respectively. The cultivars at XYR and LYR were ‘EZhi8’, and those of orchards in SQL, TYL, and BZD were all ‘Frantoio’. Except for Deqin (rain-fed,
fertilization in the ﬁrst three years after planting), the other orchards were irrigated during the dry season
and fertilized annually to obtain a high yield. The BZD orchard was not tilled, and the soil was covered
by natural cover crops. The soil management of the other four sites was similar, and the soils received a
shallow tillage to a low depth (0.1 m). Sampling was conducted in September 2015; at each of the
sampling orchards, 5 individual plants were randomly chosen. For each sample tree, ﬁne roots of olive
and rhizosphere soil were collected from four directions (east, west, south, and north) around the tree
using a small garden shovel (10–20 cm depth, because most of the olive roots were distributed in this
layer and a greater microbial activity was detected), and the four subsamples were then mixed and
homogenized to a composite sample (ca. 1000 g). Overall, twenty-ﬁve root samples and 25 soil samples
were collected. The samples were placed in polyethylene bags and transported to the laboratory. Root
samples were freshly processed for AMF colonization analysis. Soil samples were separated into two
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parts: the ﬁrst part was for physicochemical analysis, and the second part was air-dried and stored at 4°C for
isolation and identiﬁcation of AM fungal spores.

Figure 1: Map showing the locations of the ﬁve sampled olive orchards in the Yunnan Province,
Southwestern China. XYR and LYR in Yongren County, SQL and TYL in Lijiang County, BZD in Deqin
County
2.2 Analysis of Soil Properties
Soil samples were air-dried at room temperature and homogenized by sieving through a 2-mm mesh to
remove plant debris and coarse sand. A pH meter was used for potentiometric pH measurements of a soilwater suspension at a ratio of 1:2.5. The organic matter content (OM) was determined using potassium
dichromate as an oxidizing agent in the presence of sulfuric acid. Total soil nitrogen (TN) was
determined after digestion with sulfuric acid, and analysis of the amount was performed by an automatic
Kjeldahl nitrogen analyzer. Total soil phosphorus (TP) was determined by alkali fusion-antimony
molybdenum spectrophotometry. Total soil potassium (TK) was digested in a microwave system and
determined by an atomic absorption spectrophotometer. Soil available nitrogen (AN) was determined by
the alkali solution diffusion method. Soil available phosphorus (AP) was extracted with sodium
bicarbonate and determined by antimony molybdenum ultraviolet spectrophotometry. Soil available
potassium (AK) was extracted with ammonium acetate and determined by ﬂame photometry. The soil
electrical conductivity (EC) was determined by the electrode method. The detailed methods for soil
chemical analysis are fully described by Du et al. [29]. The particle size analysis was conducted by the
pipette method using the U.S. Department of Agriculture System [30].
2.3 Determination of AM Fungal Colonization in Olive Roots
Fine roots were rinsed with clean water, cleared with 10% (w/v) KOH at 90°C in a water bath for
approximately 60 min. After cooling to room temperature, root samples were thoroughly washed with tap
water, stained with blue ink (Hero® 203, Shanghai, China), mounted on microscope slides, and then
examined under a compound light microscope (Olympus-BX53, Olympus Corporation, Tokyo, Japan) to
determine AM fungal structures. The percentage of root length occupied by hyphae, arbuscules, and
vesicles was quantiﬁed for at least 200 intersections using the modiﬁed line intersection method [31]. The
percentages of root length with AMF hyphae, arbuscules, and vesicles were calculated as the number of
AMF-positive intersections/number of observed intersections × 100.
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2.4 AMF Spore Assessment and Identiﬁcation
AMF spores were extracted from 20 g of air-dried, rhizosphere soil samples by the wet sieving and
decanting method [32], collected on ﬁlter paper, and counted, characterized, and identiﬁed under a
stereomicroscope and compound microscope. Spore density was calculated as the total number of spores
in the 20 g soil sample, and a sporecarp was recorded as one unit. Each spore type was mounted in
PVLG (polyvinyl-lactoglycerol) and PVLG/Melzer’s reagent.
Identiﬁcation was based on spore color, size, surface ornamentations, wall structure, and hyphal
attachments with reference to the manual of Schenck et al. [33], the originally published species
descriptions, and several specialized websites: http://fungi.invam.wvu.edu/the-fungi/species-descriptions,
http://www.zor.zut.edu.pl/Glomeromycota/, http://schuessler.userweb.mwn.de/amphylo/. To assess AMF
community composition and structure, the relative abundance, Shannon index, and Simpson index were
calculated.
2.5 Data Analysis
In the present study, spore density (SD) was deﬁned as the number of AM fungal spores in 20 g dry soil;
relative abundance (RA) = spore number of a certain species/total quantity of AM fungal spores × 100%.
Species diversity was assessed using the Shannon index and Simpson index. Variations in soil
physicochemical characteristics were analyzed using the Kruskal–Wallis non-parametric test. The AMF
parameter data were subjected to an analysis of variance (ANOVA) to compare the mean values, and
differences between treatment means were determined using the Duncan’s test (P < 0.05). The
relationships between edaphic factors and AMF parameters were examined using Pearson’s correlation
coefﬁcient.
3 Results
3.1 Soil Physicochemical Properties
The physicochemical properties of the soils of different olive growing sites are presented in Table 1. The
pH, OM, AN, AP, AK, TN, TP, TK, EC, clay percentage, sand percentage, and silt percentage were
signiﬁcantly different among the ﬁve investigated orchards (P < 0.05). OM, AN and AP values were
highest in the orchard of BZD and lowest in the orchard of XYR.
Table 1: Soil physicochemical properties on ﬁve studied olive growing sites in the Yunnan Province, Southwestern
China
Parameters
Clay (%)
Sand (%)
Silt (%)
pH
EC (mS/m)
OM (g/kg)
TN (g/kg)
TP (g/kg)
TK (g/kg)

Growing site

p

XYR

LYR

SQL

TYL

BZD

25.44 ± 1.99b
44 ± 1.52d
30.56 ± 1.76a
7.54 ± 0.7a
82.6 ± 8.17b
6.1 ± 0.61c
0.74 ± 0.09c
0.54 ± 0.04c
20.64 ± 1.84a

24.64 ± 0.67b
58.72 ± 2.01a
16.64 ± 1.54e
5.54 ± 0.34b
51.48 ± 4.54c
7.94 ± 0.77c
0.71 ± 0.07c
0.36 ± 0.07d
6.36 ± 1.23d

28 ± 0.57a
50.72 ± 0.72c
21.28 ± 1.21d
7.44 ± 0.68a
141.2 ± 13.18a
23.38 ± 1.94b
1.35 ± 0.13b
1.06 ± 0.07a
11.02 ± 2.48c

16.88 ± 0.72c
55.04 ± 1.04b
28.08 ± 1.51b
8.09 ± 0.28a
127.8 ± 11.88a
25.24 ± 2.58b
1.46 ± 0.16b
0.64 ± 0.1c
10.76 ± 2.16c

17.36 ± 0.92c
58.72 ± 0.87a
23.92 ± 1.53c
7.96 ± 0.68a
132.2 ± 9.71a
35.04 ± 1.62a
2.13 ± 0.34a
0.85 ± 0.11b
16.16 ± 1.48b

0.0005
0.0003
0.0002
0.0056
0.0007
0.0002
0.0004
0.0002
0.0003
(Continued)
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Table 1 (continued)

Parameters

Growing site
XYR

AN (mg/kg) 26.2 ± 1.3e
AP (mg/kg) 2.75 ± 0.3c
AK (mg/kg) 85.2 ± 7.82c

LYR

SQL

55.38 ± 6.1d
95.2 ± 11.58b
18.54 ± 2.7b
31.08 ± 2.51a
174.19 ± 13.17b 238.4 ± 9.24a

p
TYL

BZD

80.2 ± 4.44c
158.4 ± 18.66a 0.0002
19.18 ± 1.09b 33.66 ± 3.88a 0.0003
84.6 ± 7.16c
182.4 ± 15.06b 0.0003

Note: Data are expressed as mean ± SD, n = 5. Values with the different lowercase letters indicate signiﬁcant differences at P < 0.05 as determined by
Duncan’s test.

3.2 AM Fungal Colonization Characteristics in Roots of Olive
AMF structures were present in all sampled roots, including intra- and intercellular hyphae, hyphal coils,
arbuscules, and vesicles (Fig. 2). The intensity of mycorrhizal colonization of the root samples varied with
different growing sites. The percentages of root length with hyphae (% RLH), arbuscles (% RLA) or vesicles
(% RLV) varied widely between 15.14% and 75.77%, 3.87% and 34.13% or 30.83% and 51.12%,
respectively (Fig. 3). The percentages of RLH and RLV of olive trees growing in the two sites of Lijiang
County (SQL and TYL) were higher than those of olive trees sampled in Yongren County (XYR and
LYR) and Deqin County (BZD). The only exception was the percentage on RLH which was equal at
XYR and TYL (Fig. 3). The percentage of RLA of olive trees sampled in Yongren County (XYR and
LYR) was higher than those of SQL, TYL, and BZD (Fig. 3).

Figure 2: Light micrographs showing mycorrhizal colonization in roots of olive plants, H: hypha, HC:
hyphal coil, A: arbuscule, V: vesicle
3.3 Morphological Identiﬁcation of AM Fungi in the Olive Rhizosphere Soil
Twenty-three AM fungal species belonging to 9 genera were identiﬁed according to the morphological
characteristics of spores extracted from the rhizosphere soil samples (Table 2). Seven of the 23 species
belonged to Acaulospora; one species belonged to Diversispora; two species belonged to Funneliformis;
one species belonged to Gigaspora; seven species belonged to Glomus; one species belonged to
Rhizophagus; two species belonged to Sclerocystis; one species belonged to Scutellospora and one
species belonged to Septoglomus (Table 2). Micrographs of some AMF spores are shown in Fig. 4.

6

Phyton, 2022

Figure 3: AMF attributes on olive orchards from different study sites. Root length colonization percentage
of AMF hyphae (a), arbuscules (b), and vesicles (c) in roots of olive trees, AMF spore densities (d) (spore
number/20 g soil), Shannon index (e), and Simpson index (f) of AMF communities in rhizosphere soil
samples from different sampling sites. Histograms are the mean ± SD. Different letters on the histograms
indicate signiﬁcant differences among sites according to the Duncan’s multiple range test at P < 0.05
Table 2: Spore relative abundance of AMF species from ﬁve different olive growing sites at the Yunnan
Province, Southwestern China
AMF species

Spore relative abundance %
XYR

Acaulospora
A. capsicula
A. foveata
A. morrowiae
A. paulinae
A. sp.1
A. sp.2
A. sp.3
Diversispora

LYR

SQL

TYL

BZD

3.91
1.11
2.38
13.7
4.3
4.46

2.93
15.77

2.9
1.42

(Continued)
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Table 2 (continued)

AMF species

Spore relative abundance %
XYR

D. trimurales
Funneliformis
F. geosporum
F. mosseae
Gigaspora
Gigaspora sp.1
Glomus
G. hyderabadensis
G. magnicaule
G. microcarpum
G. multicaule
G. sp.1
G. sp.2
G. sp.3
Rhizophagus
R. intraradices
Sclerocystis
S. rubiformis
S. sinuosa
Scutellospora
Scu. sp.1
Septoglomus
Sep. constrictum

LYR

SQL

TYL

BZD

2.13
47.15

27.74
7.05

35.86

5.27
1.29

14.4
0.76

2.28
3.08
3.9
30.88

15.55

2.84
1.63

2.59
3.92
2.64
3.3

13.61

14.37

2.39

2.95
3.07

0.91
24.25

20.31

76.17

74.82

5, 9, 8, 11, and 7 species of AM fungi were detected in the olive orchards at XYR, LYR, SQL, TYL, and
BZD, respectively (Table 2). F. geosporum was the only species that occurred in all olive orchards. The most
dominant species in the soil samples of XYR were F. geosporum, G. microcarpum, and S. sinuosa. At site
LYR, F. geosporum, Sep. constrictum, and A. sp.3 were the most dominant species. At site SQL,
F. geosporum, Sep. constrictum, and G. microcarpum were the most dominant species. At site TYL, the
most dominant species were Sep. constrictum, F. geosporum, and G. microcarpum. At site BZD,
Sep. constrictum was the most dominant species (Table 2).
As shown in Table 2, most species were detected only in particular orchards. G. magnicaule occurred
only at XYR; A. capsicula, A. morrowiae, A. paulinae, A. sp.3 and Gigaspora sp.1 were exclusively
found in LYR; G. hyderabadensis, Glomus sp.1 and Glomus sp.2 were detected only in SQL;
D. trimurales, G. multicaule, Glomus sp.3, R. intraradices and Scu. sp.1 occurred only in TYL, and
A. foveata and S. rubiformis were found only in BZD. All the AMF species showed different abundances
of AMF spores among the investigated orchards (P < 0.0003).
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Figure 4: AMF spores isolated from rhizosphere soils of olive trees growing in different sites in the Yunnan
Province. (a) Acaulospora morrowiae, (b) A. paulinae, (c) Diversispora trimurales, (d) Funneliformis
geosporum, (e) F. mosseae, (f) Glomus hyderabadensis, (g) G. magnicaule, (h) G. multicaule, (i)
Rhizophagus intraradices, (j) Sclerocystis rubiformis, (k) S. sinuosa, (l) Septoglomus constrictum
The AMF spore densities at sites XYR, LYR, SQL, TYL, and BZD were 81.6, 121.2, 116.0, 198.2, and
350.0 spores per 20 g soil, respectively (Fig. 3). The spore density at BZD was the highest, signiﬁcantly
higher than those at the other four sites, followed by TYL, which was signiﬁcantly lower than that of
BZD and signiﬁcantly higher than those of XYR, LYR, and SQL. The Shannon index of the AMF
composition of site LYR was 2.66, which was the highest, followed by SQL. The Shannon index of BZD
was 1.29, which was the lowest among all the examined sites. The Shannon index for each site varied
signiﬁcantly. The Simpson indexes of the AMF composition of sites XYR, LYR, SQL, TYL, and BZD
were 0.66, 0.81, 0.78, 0.41, and 0.42, respectively, those of LYR and SQL were signiﬁcantly higher than
other three study sites (Fig. 3).
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3.4 Relationship between Soil Parameters and Arbuscular Mycorrhizal Fungal Attributes
Except for total and available potassium, the other examined soil physicochemical properties affected
the AMF parameters of olive, and the inﬂuences varied. Hyphal colonization in olive roots was positively
inﬂuenced by soil pH and EC. The arbuscule colonization in olive roots was negatively inﬂuenced by
most of the properties, including soil pH, EC, OM, TN, TP, and AN. Vesicle colonization was not
signiﬁcantly correlated with any of the soil physicochemical properties. Spore density was positively
inﬂuenced by OM, TN, AN, AP, and sand content and negatively inﬂuenced by clay content. The
Shannon index and Simpson index of AMF in the rhizosphere soil were positively inﬂuenced by the clay
content in the soil. The Shannon index of AMF in the rhizosphere soil was negatively inﬂuenced by soil
pH, TN, and silt content (Table 3). Finally, the Simpson index of AMF in the rhizosphere soil was
negatively inﬂuenced by pH, OM, and TN.
Table 3: Pearson’s correlation coefﬁcient between AMF parameters and soil physicochemical properties
Item

H

A

V

SD

Shannon-S

Simpson-D

pH
EC
OM
TN
TP
TK
AN
AP
AK
Clay
Sand
Silt

0.6592*
0.6726*
0.2919
0.2107
0.5739
0.3688
0.0415
0.0156
−0.0888
0.0806
−0.5635
0.5549

−0.7174*
−0.7890*
−0.8481*
−0.8340*
−0.6452*
−0.3653
-0.7320*
−0.5292
−0.0625
0.5235
−0.0823
−0.3810

0.1991
0.4432
0.2385
0.0172
0.3189
−0.3369
0.0719
0.2595
0.2066
0.0970
0.0306
−0.1216

0.3960
0.4817
0.8388*
0.8505*
0.3072
0.0896
0.8648*
0.6336*
0.1391
−0.7716*
0.6204*
0.0058

−0.7286*
−0.4572
−0.5656
-0.6104*
−0.1387
−0.5880
−0.4270
−0.0434
0.4827
0.7826*
−0.0270
−0.6765*

−0.6901*
−0.5144
−0.6752*
−0.6772*
−0.1338
−0.3311
−0.5101
−0.1871
0.4378
0.9051*
−0.2506
−0.5381

Note: Data with an asterisk (*) indicate signiﬁcant correlation.

4 Discussion
This study highlighted the olive root colonization by AMF at different growing sites of the Yunnan
Province, Southwestern China. This mycorrhizal colonization in the roots of olive plants is the result of
AMF spores that developed in areas with speciﬁc conditions, as a result of adaptation to the environment
and identity to the host plant. The intensity of AMF hyphal colonization of olive trees ranged from
15.14% to 75.77%. These values are higher than those reported for ten-year-old olive trees in Italy
(22.5% to 31.3%) [34] and comparable to a ﬁeld study carried out in Algeria (35% to 47%) [35]. The
intensity of AMF hyphal colonization in our study is lower than values reported for olive rooted cuttings
artiﬁcially inoculated with various AMF: 75% to 80% [36], 92% to 97% [21] and 97% [18]. The
different values in the percentage of colonized root length obtained for our olive trees may be mainly
attributed to either different plant ages, geographical sites, or the fungal species that colonized the roots.
Mycorrhizal parameters of the olive tree also revealed the importance of AMF. Notably, our study
revealed that arbuscule colonization intensity was signiﬁcantly higher than that in previous studies.
Mekahlia et al. [17] explored root AMF colonization intensity in olive orchards from three different sites
in Algeria and discovered that the colonization intensity of arbuscules was extremely low, with the
highest intensity of 4% only among all the study root samples. In our study, the arbuscule intensities of
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XYR, LYR, SQL, TYL, and BZD were 22.14%, 34.13%, 15.47%, 12.69%, and 3.87%, respectively (Fig. 3).
Arbuscules represent the sites of functional exchanges between the AMF and the roots of the host plant [37],
suggesting the critical role of AMF native to the growing sites of the Yunnan Province.
The spore density in a young plantation (6–7 years) located in Ain Ben Beida of Algeria was
648 spores/10 g of soil, as reported by Meddad-Hamza et al. [35]. In addition, they identiﬁed 10 species
belonging to 7 genera—Glomus, Septoglomus, Funneliformis, Rhizophagus, Gigaspora, Scutellospora, and
Entrophospora—in their survey on different aged orchards located at different geographical sites.
Most of the AMF isolated in this study have been identiﬁed from the soil of olive orchards. In particular,
A. foveata, A. morrowiae, F. geosporum, F. mosseae, G. hyderabadensis, G. microcarpum, G. multicaule,
R. intraradices, and Sep. constrictum were reported by Chliyeh et al. [38] and Msairi et al. [39] in the
olive orchards of Morocco. F. mosseae and Sep. constrictum are very common AMF species associated
with olive and are generally isolated in different olive growing areas of the world [35,40–42]. Notably,
three species were reported for the ﬁrst time in our study from the rhizospheres of olive trees:
A. capsicula, A. paulinae, and G. magnicaule.
Our study results showed that Glomeraceae was the dominant taxon of AMF in the sampled olive
orchards from ﬁve different growing sites, with relative abundances of 95.54%, 59.03%, 95.7%, 95.54%,
and 95.99% at sites XYR, LYR, SQL, TYL, and BZD, respectively. This is consistent with previous
studies on the AMF composition of olive. Chliyeh et al. [38] reported that the genus Glomus was
dominant in the rhizosphere soil of olive trees (74%) 30 months after inoculation of a composite, native
AMF community; Glomeraceae species were prevalent in the rhizosphere of olive trees cultivated along a
climatic gradient north–south of Algeria [35]. A study on olive orchards in Spain also revealed that
Glomeraceae was the dominant taxa [16]. All these ﬁndings support previous data on the prevalence of
members of such a family in agricultural soils, because of their ruderal lifestyle and high tolerance to
disturbance [43–45].
It is generally accepted that edaphic properties, such as soil pH, P, N, and OM, have a key role in
controlling the pool of AMF in soils [35,46–50]. In the present study, we noted that soil pH and EC were
positively correlated with AMF hyphal colonization in olive roots, and soil OM, TN, AN, AP, and
sand (%) were positively correlated with AMF spore density in olive rhizosphere soil. The clay content
was positively correlated with the Shannon index and Simpson index of the AMF composition in the
rhizosphere of olive trees. In contrast, clay (%) was determined to be negatively correlated with the AMF
spore density in olive rhizosphere soil, and silt (%) was revealed to be negatively correlated with the
Shannon index of AMF composition in the olive rhizosphere. In a study conducted on olive orchards in
Spain, Montes-Borrego et al. [51] identiﬁed that the C/N ratio, soil C, OM, soil pH, clay, sand, N
content, and extractable P were the most important edaphic variables showing a signiﬁcant effect on the
AMF community composition. The data obtained in our work reinforce the concept that the general AMF
assemblage structure and composition in olive might be inﬂuenced by soil properties, as has been shown
in other woody crops [52,53].
5 Conclusion
A high AMF colonization level was revealed in the roots of olive planted in the main introduction and
cultivation areas of the Yunnan Province, southwestern China; a high AMF diversity (23 species of 9 genera)
was identiﬁed with a relatively high spore content. Glomeraceae was the most dominant taxon in the olive
rhizosphere of the sampling sites. Soil parameters had signiﬁcant effects on olive root mycorrhizal
colonization, spore density, AMF diversity, and composition. In conclusion, this study emphasized the
existence and importance of AM in olive growing out of its traditional cultivation area, and provided
some data and information for mycorrhizal technology development. Further research is required to
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explore more about the AMF diversity of olive, screening out the potential efﬁcient AMF species/isolates,
which will in turn facilitate the cultivation and development of this important crop.
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