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Abstract: Hevea brasiliensis is one of the important economic trees with a great
economic value for natural rubber production. Symbiosis between roots of H. brasiliensis and arbuscular mycorrhizal fungi (AMF) is widely recognized, and can
provide a range of beneﬁts for both of them. Hainan Island harbors is one of the
largest plantations of H. brasiliensis in China, whereas the information regarding
the diversity of AMF in the rhizosphere of H. brasiliensis on this island is scarce.
The diversity of AMF species in the rhizosphere of rubber tree plantations in Hainan
was investigated in this study. A total of 72 soil samples from the rhizosphere of H.
brasiliensis RY7-33-97 were collected. These included 48 samples from plantations
in 11 cities or counties that had been planted for 15–25 years, and 24 samples from a
demonstrating plantation site of the China National Rubber Tree Germplasm Repository representing plantations with tree plantation ages from one to 40 year-old.
Collectively, a total of 68 morphotypes of AMF, belonging to the genera of Archaeospora (1), Glomus (43), Acaulospora (18), Entrophospora (3), Scutellospora (2),
and Gigaspora (1) were isolated and identiﬁed, as per morphological characteristics
of spores presented in the collected soil samples. Glomus (Frequency, F = 100%) and
Acaulospora (F = 100%) were the predominant genera, and A. mellea (F = 63.9%)
and A. scrobiculata (F = 63.9%) were the predominant species. AMF species differed
signiﬁcantly among collected sites in spore density (SD, 290.7–2,186.7 spores per
100 g dry soil), species richness (SR, 4.3–12.3), and Shannon-Weiner index of diversity (H, 1.24–2.24). SD was negatively correlated with available phosphorus level in
the soil; SR was positively correlated with soil total phosphorus content; and H was
positively correlated with levels of soil organic matter and total phosphorus. Similarly, SD, SR, and H were also correlated with H. brasiliensis plantation age, and
an increasing trend was observed up to 40 years. These results suggest that the
AMF community was complex and ubiquitous in the island plantation ecosystems
of H. brasiliensis, with high species abundance and diversity. Soil factors and plantation age dramatically affected AMF diversity at species level.

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
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1 Introduction
Arbuscular mycorrhizal fungi (AMF) are widely distributed across various ecosystems [1–4]. AMF can
establish symbiotic association with roots of host plants to stimulate water and nutrient acquisition of host
plants [5–8]. AMF species composition varies with different environment conditions [9] and host plants
[10,11]. Although AMF diversity has been extensively studied in grasses [12], bushes [13,14], and dwarf
trees [15,16], the information regarding AMF species diversity associated with perennial deciduous
megaphanerophytes in an island plantation ecosystem is scarce.
Hevea brasiliensis (Willd. ex A.Juss.) Müll. Arg. is a perennial deciduous megaphanerophyte tree species that
is native to the Amazon River Basin of South America. It is planted around the world for its production of natural
rubber, which constitutes one of the four major industrial raw materials and is particularly important in the military
and trafﬁc industries. Earlier studies have shown that H. brasiliensis formed arbuscular mycorrhizal (AM) structures
in roots [17]. Jayaratne [18] and Ikram et al. [19] found that the extent of root AMF colonization ranged from 0 to
50%, and Glomus and Acaulospora were the most common AMF genera in Sri Lanka and Malaysia, respectively.
Herrmann et al. [20] found that roots of H. brasiliensis were highly colonized by AMF, whereas the colonization
level was not affected by either soil nutrient levels or tree ages. Previous studies mainly focused on AM
morphological structures and AMF populations associated with the roots of H. brasiliensis in a natural
ecosystem, less is reported for island plantation ecosystems in Southeast Asia.
With more than 5,000,000 hectares of H. brasiliensis plantations, Hainan Island is one of the largest
plantation areas for H. brasiliensis in China. The closed and independent plantation ecosystems of H.
brasiliensis in Hainan Island represent a unique example of island biogeography. In addition, less aggressive
cultivation practices have been applied in the plantations in Hainan Island, compared to plantation ecosystems
of other species, such as tea or coffee, which are also perennials with abundant AMF populations [13,21].
Considering that cultivation practices in plantations are known to adversely affect AMF colonization and nonGlomus AMF spore populations [22], the present work hypothesized that soil factors or plantation age
affected AMF species diversity in the rhizosphere of H. brasiliensis, and high AMF abundance and species
diversity were expected due to low degree of cultivation disturbance in the plantations. Understanding of
AMF diversity in H. brasiliensis is essential for improving land management, sustainability, and productivity
of plantation ecosystems, particularly the ones with highly diverse AMF communities [23–25].
2 Materials and Methods
2.1 Study Site
Topographically, Hainan Island (N 18°10–20°10, E 108°37–111°03) is dominated by hills and low
mountains with 500–800 meters above sea level. This region has a typical tropical oceanic monsoon
climate, with long summer, short winter, high solar radiation, and a narrow temperature range. The
annual average rainfall ranges from 1,607 to 2,000 mm and annual average temperature ranges from 20.5
to 28.5°C. In the whole Hainan Island, eleven cities or counties with the largest H. brasiliensis plantation
areas was selected as sampling sites (Fig. 1), and RY7-33-97, the most common H. brasiliensis planted in
these plantations, as the sampling cultivar.
The China National Rubber Tree Germplasm Repository, possessing the oldest and largest rubber tree
plantation, is located in Danzhou, northwest of Hainan Island. This repository belongs to the test farm of the
Chinese Academy of Tropical Agricultural Sciences and has a tropical zone and monsoon climate with
distinct dry and wet seasons. The annual average temperature in this region ranges from 20.5 to 28.5°C.
Presently, this repository is the largest germplasm resource garden in China, with 6,075 rubber trees
belonging to six genera.
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Figure 1: Location of the sampling site in this study. Samples from 11 cities or counties were collected from
different plantations planted at 15–25 years. Samples from China National Rubber Tree Germplasm
Repository were collected from 1–40 planting years. Three samples were collected in each sampling site
2.2 Collection of Soil Samples
Soil samples were randomly collected at the base of ﬁve trees, in an area of 500 m2 at each site with a
drill with their intact root systems up to 40 cm soil depth taking up to 3 kg of soil per sample. All the 72 soil
samples were collected from the rhizosphere of H. brasiliensis RY7-33-97. Of these, 48 soil samples were
collected from the rhizosphere of H. brasiliensis during the most productive phase (between 15 and 25 years)
across 11 cities or counties on Hainan Island in July 2008, while 24 soil samples were collected from trees
cultivated for 1–40 years from the China National Rubber Tree Germplasm Repository in August 2009
(Fig. 1). Five soil samples (0.5 kg each) located at the top layer of soil (40 cm in depth) were randomly
collected from each tree at the same plantation site, and thoroughly mixed and stored in plastic bags after
being air-dried.
2.3 Counts and Identiﬁcation of AMF Spores
Spores or sporocarps were isolated from 20–100 g of soil sample according to the protocol described by
Gerdemann et al. [26], followed by sucrose centrifugation [27]. The spores were counted three times under an
Olympus-BX51 microscope (Japan). In addition, spores of AMF were placed on glass slides in polyvinyl
lactoglycerol (PVLG) and Melzer’s reagent (v:v = 1:1) and identiﬁed based on spore morphological
characteristics under microscope, such as spore size, spore color, spore wall thickness and so on,
following the descriptions published on INVAM (http://invam.caf.wvu.edu) and the taxonomic criteria of
Morton et al. [28].
2.4 Determination of Soil Chemical Properties and Plantation Age
Soil pH, total phosphorus (Pt), available phosphorus (Pa), available K (Ka), and organic matter (OM),
were measured according to Bao [29]. The plantation age was estimated by measuring the length of the
tapped bark on the trunk of an H. brasiliensis tree following the local conventional practice in harvesting
latex using an annual tapping system. Rubber trees are tapped ﬁve years after being transplanted in the
ﬁeld, following which latex saps are harvested about 50 times per year by means of a half spiral
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downward cut in the bark. The tapped barks differ visibly across the years, even when the same bark was
tapped twice or more. The length of the tapped bark segments was approximately 5 cm per year, with
each cut being about 1 mm. Cuts were made about 50 times per year. According to the tapping length,
the selected trees were placed in different plantation age groups. Untapped H. brasiliensis plants were
assigned to the 0–5-year-plantation group, and trees with tapped bark ≤25 cm in length were assigned to
the 5–10-year-plantation group. Similar increments up to 40 years were made.
2.5 Statistical Analyses
Species richness (SR), spore density (SD), and AMF species frequency (F) were expressed as follows:
SR = number of AMF species found in the total number of sample sites; SD = number of AM fungal spores in
100 g dry soil; F = number of samples in which the genus or species was observed/Total number of samples ×
100%. Based on the frequency of occurrence, the AMF genera and species with a frequency greater than 50%
(F > 50%) were classiﬁed as “predominant” according to Zhang et al. [30]. Species diversity was assessed
using the Shannon–Wiener index (H) as follows: H = −Sum (Pi ln[Pi]), where Pi = ni/N, ni = Number of
individuals in species I, and N is the total number of individuals in all species. The mapping software
employed in the study was Surfer (R) (Version 8.0, Golden Software, Inc.). All data were analyzed by
using SPSS (Version 20.0, IBM Corp., Armonk, NY, USA). One-way analysis of variance (ANOVA) was
used to test the signiﬁcance of the overall variations in all measured indexes among the sample sites.
Statistical analyses were performed for cases with no missing data for any variable. When appropriate,
the means were compared using Tukey’s test. Correlations between soil edaphic factors and SD, SR, and
H were examined.
3 Results
3.1 AMF Species
A total of 68 AMF morphotypes were identiﬁed from the rhizosphere of H. brasiliensis (Tab. 1). Among
them, 59 morphotypes were identiﬁed to the species level, whereas nine morphotypes were identiﬁed to the
genus level and were designated as sp. The 68 morphotypes belonged to six genera. Among these
morphotypes, one belonged to Archaeospora (species-level), 43 to Glomus (39 species-level + 4 genuslevel), 18 to Acaulospora (16 species-level + 2 genus-level), three to Entrophospora (1 species-level + 2
genus-level), two to Scutellospora (species level), and one to Gigaspora (genus level). Overall, Glomus
was the most abundant genus (63.2% of total total morphotypes) among all samples, followed by
Acaulospora (26.5%), and Entrophospora (8.9%). These results indicated that AMF were abundant in the
rhizosphere of H. brasiliensis.
3.2 Isolation Frequency of AMF Species
The frequencies of AMF morphotypes representing various genera and species were presented in Tab. 1.
Morphotypes belonging to Glomus and Acaulospora were isolated from all 11 sampling sites, with a
frequency of 100%, indicating that they were the predominant genera in the rhizosphere of H.
brasiliensis. Speciﬁcally, two members of the genus Acaulospora, A. mellea (F = 63.9%) and A.
scrobiculata (F = 63.9%), were the predominant AMF species.
3.3 AMF Spore Density and Species Richness
The AMF SD and SR varied among sampling sites (Tab. 2). The highest SD value was 2,186.7 spores per
100 g dry soil, whereas the lowest SD was only 290.7 spores per 100 g dry soil. The SR value ranged from 4.3
to 12.3. However, high SR did not necessarily correlate to high SD. The highest SR values, 12.0 and 12.3, were
observed in Qionghai county (QZ) and Baisha county (BS), respectively, but the corresponding SD values were
relatively low, with only 588 and 992.7 spores per 100 g dry soil, respectively. The highest SD value (2,186.7
spores per 100 g dry soil) was observed in Ledong City (LD), with an SR value of 10.3 (Tab. 2).
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Table 1: Frequency of AMF genera/species in the rhizosphere of H. brasiliensis at different sampling sites
on Hainan Island
Species
Archaeospora(1)
Ar. Leptoticha
Glomus(43)
G. aggregatum
G. multicaule
G. aureum
G. caledonium
G. claroideum
G. clavisporum
G. coremiodes
G. coronatum
G. dimorphicum
G. dolichosporum
G. callosum
G. fasciculatum
G. multicaule
G. formosanum
G. geosporum
G. pachycaulis
G. reticulatum
G. lamellosum
G. macrocarpum
G. microcarpum
G. mosseae
G. multiforum
G. rubiforme
G. globiferum
G. invermaium
G. tenebrosum.
G. spurcum
G. fasiculatum
G. occultum
G. pansihalos
G. canadense

TC

+

CJ

+

WZS

+
+
+

DF

+

WC

+

WN

QH

BS

+

+
+
+

+
+
+

DZ

QZ

+

+

+
+

+

+

+
+

+
+
+
+
+

+
+
+

+
+
+
+

+

+
+

+
+
+

+

+

+
+

+
+

+

+
+
+

+
+

+

+
+
+
+
+
+

+
+
+
+

LD

+
+

Total

F/%

2
2
11
2
1
1
1
1
2
1
2
2
3
2
1
1
3
1
1
4
3
1
1
3
2
2
1
1
1
1
2
1
1
1

18.2
18.2
100
18.2
9.1
9.1
9.1
9.1
9.1
9. 1
9.1
9.1
27.3
9.1
9.1
9.1
27.3
9.1
9.1
36.4
27.3
9.1
9.1
27.3
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
(Continued )
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Table 1 (continued ).

Species
G. formosanum
G. maculosum
G. monosporum
G. delhiense
G. etunicatum
G. sp1
G. sp2
G. sp3
G. sp4
Acaulospora(18)
A. gedanensis
A. laevis
A. mellea
A. paulinae
A. scrobiculata
A. lacunose
A. dilatata
A. gerdemannii
A. excavate
A. denticulate
A. delicate
A. tuberculata
A. longula
A. bireticulata
A. sp1
A. sp2
Entrophspora(3)
En. colomblana
En. sp1
En. sp2
Gigaspora(1)
Gi. sp1
Scutellospora(2)
S. calospora
S. pellucida

TC

CJ

WZS

DF

WC

WN

QH

BS

DZ

QZ

LD

+
+
+
+
+
+

+

+
+

+
+

+
+

+
+

+

+

+

+

+

+
+

+

+

+

+
+

+

+
+

+
+
+

+
+
+
+

+
+

+

+
+

+

+

+

+
+

+
+

+
+
+
+

+

+
+

+
+

+

+
+

+
+

+

+
+
+

+
+
+
+
+

+
+

+
+
+

Total

F/%

1
1
1
1
1
3
3
1
1
11
2
3
7
1
7
3
2
1
1
1
1
1
3
3
1
1
4
3
1
1
1
1
2
1
1

9.1
9.1
9.1
9.1
9.1
27.3
27.3
9.1
9.1
100
9.1
27.3
63.6
9.1
63.6
27.3
9.1
9.1
9.1
9.1
9.1
9.1
27.3
27.3
9.1
9.1
36.4
27.3
9.1
9.1
9.1
9.1
18.2
9.1
9.1

Note: F, frequency; (+), isolates detected; blank, isolates not detected. TC: Tunchang County; CJ: Changjiang County; DF: Dongfang City; WN:
Wanning City; LD: Ledong City; WZS: Wuzhishan County; QZ: Qiongzhong City; WC: Wenchang City; BS: Baisha County; QH: Qionghai County;
DZ: Danzhou City. The same below.
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Table 2: Soil factors, spore density (SD), species richness (SR), and species diversity (H) of AMF from H.
brasiliensis of different sampling sites
Site

pH

OM (%)

Ka (µg/g)

Pt (%)

TC

5.29 ± 0.04a

1.27 ± 0.015a 28.39 ± 1.04b

14.54 ± 0.54bc 505.3 ± 27.23b

4.3 ± 1.5a

CJ

5.26 ± 0.07a

3.36 ± 0.3f

195.37 ± 3.77f 0.31 ± 0.03c

15.54 ± 1.07c

566 ± 26.15b

7.0 ± 1.0b

1.82 ± 0.06ef

WZS 6.3 ± 0.23b

2.12 ± 0.06c

55.13 ± 2.7c

0.23 ± 0.03b

15.21 ± 0.9c

862.5 ± 33.04d

13.3 ± 1.2de

1.87 ± 0.07f

DF

5.33 ± 0.28a

2.05 ± 0.12c

79.12 ± 4.04e

0.12 ± 0.01a

74.4 ± 1.8g

474.3 ± 50.06b

11.2 ± 0.98cd

1.24 ± 0.04a

WC

5.55 ± 0.07a

1.19 ± 0.02a

32.54 ± 1.59b

0.25 ± 0.06bc 85.53 ± 0.805h 290.7 ± 108.44a

6.3 ± 0.56b

1.75 ± 0.06de
1.59 ± 0.05c

0.22 ± 0.01b

Pa (µg/g)

SD/100 g dry soil

SR

H
1.48 ± 0.04b

WN

5.47 ± 0.189a 2.44 ± 0.11d

62.68 ± 3.14d

0.44 ± 0.03d

7.19 ± 0.55a

1291.5 ± 108.44f

10 ± 1.26c

QH

5.14 ± 0.07a

1.62 ± 0.09b

29.49 ± 1.19b

0.16 ± 0.03a

12.8 ± 1.05b

588 ± 54.99b

12.3 ± 0.58cde 1.68 ± 0.06cd

BS

5.44 ± 0.15a

3.52 ± 0.23f

63.55 ± 4.26d

0.57 ± 0.04e

25.04 ± 0.68d

992.7 ± 73.47e

12 ± 1.41cd

DZ

5.09 ± 0.06a

2.73 ± 0.16e

12.23 ± 1.24a

0.27 ± 0.03bc 49.87 ± 1.5f

938.7 ± 16.65de

10 ± 1.73c

1.88 ± 0.03f

QZ

5.52 ± 0.39a

2.47 ± 0.14d

29.59 ± 3.3b

0.83 ± 0.04f

709.3 ± 53.41c

14.3 ± 1.21e

2.25 ± 0.07h

LD

5.57 ± 0.11a

2.67 ± 0.06de 75.44 ± 3.89e

35.04 ± 2.17e

0.25 ± 0.03bc 25.63 ± 0.5d

2186.7 ± 136.08g 10.3 ± 0.58c

2.02 ± 0.09g

1.93 ± 0.06fg

Note: Data are presented as means ± standard errors and were arcsine-transformed prior to statistical analysis by ANOVA. Mean values with the same
lowercase letter are not signiﬁcantly different at the 0.05 level; mean values with the same uppercase letter are not signiﬁcantly different at the 0.01
level (ANOVA). OM: Organic matter; Ka: Available K; Pt: total phosphorus; Pa: Available phosphorus.

3.4 AMF Species Diversity and Correlations Among Parameters
The averaged AMF Shannon–Weiner index (H) value in the rhizosphere of H. brasiliensis in Hainan
Island was found to be 1.77. The highest H value (2.25) was found in the samples collected from
Qiongzhong city (QZ), whereas the lowest (1.24) was observed in those from Dongfang City (DF) (Fig. 2).

Figure 2: Species diversity of AMF in the rhizosphere of H. brasiliensis at different sampling sites. Error
bars are indicated as standard errors, and different lowercase letters above the bar indicate signiﬁcant
difference at the 0.05 level
SD was signiﬁcant positively correlated with OM (at the 5% level) and negatively correlated with Pa (at
the 1% level). SR had a negative correlation with Pt (at the 5% level). Across all the sample sites, H value had
a signiﬁcant positive correlation with SR (at the 5% level) and soil factors, such as OM (at 1% level) and Pt
(at the 1% level) (Tab. 3).
There was no signiﬁcant difference in the ﬁrst 15 years of plantation, SD (Fig. 3a) and H value (Fig. 3c)
signiﬁcantly increased after 15 years. Similarly, SR (Fig. 3b) signiﬁcantly increased after 10 years of
plantation. These results showed that SD, SR, and H value in the rhizosphere of H. brasiliensis were
inﬂuenced by the plantation age.
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Table 3: Correlation between soil factors and species diversity (H), spore density (SD), species richness
(SR) of AMF species
Items

pH

OM (%)

Ka (µg/g)

Pt (%)

Pa (µg/g)

SD

SR

H
SD
SR

0.231
0.140
0.330

0.443**
0.403*
0.258

−0.171
0.034
−0.218

0.740**
0.128
0.404*

−0.287
−0.445**
−0.096

0. 240
–
0.145

0.409*
0.145
–

Note: Mean values with one asterisk (*) or two asterisks (**) indicate signiﬁcant correlation at the 0.05 or 0.01 level, respectively. A minus sign (−)
before the mean values indicate a negative correlation; other values represent a positive correlation.

4 Discussion
Earlier studies reported no more than 33 AMF species identiﬁed from the Hainan Island, China [31–35].
The present study isolated and identiﬁed 68 morphotypes of AMF from the rhizosphere of H. brasiliensis,
with 59 morphotypes identiﬁed to the species level and nine morphotypes to the genus level. The 68 AMF
morphotypes represented a relatively high number, compared with those that have been reported to be
associated with other plant species in Hainan Island [31–35] and other foreign islands [36–41]. Thus, the
present results indicated a relatively high abundance of AMF species in the rhizosphere of H. brasiliensis
in Hainan Island. All the identiﬁed 59 AMF species had been reported in other plants in China. Among
these species, G. fasciulatum, G. macrocarpum, G. microcarpum, G. mosseae, G. multiforum, G.
monosporum, A. scrobiculata, and S. calospora have also been reported in rhizosphere of H. brasiliensis
in Sri Lanka [18].
Long-term interactions with unique plant species help shape the dominant species in AMF communities.
Glomus and Acaulospora were the predominant AMF genera in this study, consistent with ﬁndings from
previous reports [2,9,12,32,41,42]. In addition, the predominant species associated with H. brasiliensis
were A. mellea and A. scrobiculata, which were rarely isolated from other plants and few reported as the
predominant AMF species. Nevertheless, Glomus mosseae was always reported as the predominant AMF
species in other studies [43], whose frequency was found to be only 27.3% in the present study.
The H value of H. brasiliensis AMF (1.77) in the present study was similar to that of Camellia sinensis
(1.93) [13]. Although both H. brasiliensis and C. sinensis are perennial cultivated plants, their AMF H values
are relatively low compared to desert ephemeral plants in the Junnggar Basin, where AMF H values ranged
from 2.16 to 2.86 in four desert plant community types [44]. Moreover, The AMF H value of H. brasiliensis
was also lower than that of pine trees in the forest ecosystem, in which H values were recored as high as 2.75
[45]. Generally, H values of AMF tend to be lower in plantation ecosystems due to the indiscriminate use of
fertilizers [46] and pesticides [47,48]. Furthermore, continuous farming may exert negative effects on AMF
colonization and non-Glomus AMF spore populations [49].
In a given host plant rhizosphere and climatic condition, it is widely accepted that edaphic factors, such
as soil pH, Pt, Pa, and OM, substantially inﬂuence the abundance and diversity of AMF [9,50,51]. The
present study indicated that soil P levels and OM inﬂuenced AMF SD, SR, and H: SR was found to be
positively correlated with Pt, and H was positively correlated with soil OM and Pt. Furthermore, SD, SR,
and H of AMF increased with the plantation age of H. brasiliensis up to 40 years. Plantation age
represents the number of years for which the trees have been planted in a plantation, and provides an
indication of the symbiotic relationship that may have been established. Therefore, plantation age is
considered to be one of the most important characteristics for plantations, especially for tall perennial
trees. The present work indicated that within 40 years of plantation, the older H. brasiliensis trees
appeared to have higher AMF SD, SR, and diversity than the younger ones. This result is consistent with
the ﬁndings in Liu et al. [52] and Singh et al. [13], which reported that older plants tended to have more
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extensive AMF colonization and more AMF species within a certain range of years. Interestingly, Cheng
et al. [53] and Schreiner et al. [54] collectively asserted that AMF declined as plantation age increases,
and AMF abundance negatively correlated with plantation age.

Figure 3: Effects of plantation age of H. brasiliensis on SD (Fig. 3a), SR (Fig. 3b), and H (Fig. 3c) of AMF
species. The curve shows the variation trend, and R is the correlation coefﬁcient. Different letters indicate
signiﬁcant difference at the 0.05 level
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One of the reasons that causes H. brasiliensis AMF SD, SR, and H values to increase with plantation age
may be that root activity and its spatial distribution, as well as soil organic carbon, increases with plantation age
[55–57]. These factors signiﬁcantly regulate the colonization and development of AMF. A second explanation
could be that seasonal changes in AMF lead to annual variations in AMF distribution. Studies had indicated that
AMF spore production and root colonization with numerous plants represented seasonal variation [58–62].
Lutgen et al. examined AMF extraradical hyphae and their exuded products, such as glomalin, which was
directly related to ecosystem processes. It was found that these factors varied signiﬁcantly with seasons
[63], because of variations in seasonal tillage practices, fertilization, rainfall, ﬂuctuation, and phenology of
plants [64–67]. As a result, these seasonal changes may be associated with the annual variations in SD, SR,
and H values of AMF. A third explanation may be disturbance, including current annual cultivation
practices, in combination with carbon drain experienced in older plants, which potentially resulted in the
loss of some large-spore of AMF, such as Scutellospora and Gigaspora [13]. In contrast, small-spore AMF,
such as those belonging to the genus Glomus, were enriched.
Currently, the mechanism underlying the increase of SD, SR, and H values of AMF with the plantation
age of H. brasiliensis remains poorly understood. Further study on this aspect will help us better understand
the life history of AMF, as well as their basic biology in a plantation ecosystem. Importantly, the plantation
age of H. brasiliensis, which was estimated based on the length of tapped bark, is only an approximation of
the actual tree age. In some cases, H. brasiliensis might not be tapped for up to several months or a whole
year due to diseases or extreme weather conditions. Also, prior to being transplanted in the ﬁeld, H.
brasiliensis seedlings with 6–7 loose leaves are generally grafted and grown for 2–4 months.
In summary, abundant and diverse AMF species were detected in the rhizosphere of H. brasiliensis
grown in the Hainan Island. Soil factors (organic matter and total phosphorus are the most important soil
factors) and cultivation age considerably affected AMF diversity at the species level. In the future, the
mechanism regarding the inﬂuence of cultivation age on AMF diversity should be explored to guide ﬁeld
cultivation of H. brasiliensis.
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