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Abstract

Arbuscular mycorrhizal fungi (AMF) play an important role in the composition and growth
of plants in forest ecosystems. Research on mycorrhizal status in endemic plant species is still
lacking. This study aims to determine the AMF status of ebony (Diospyros celebica Bakh.), which
is one of the endemic plant species that are threatened with extinction on the island of Sulawesi,
Indonesia. The collection of rhizosphere soil samples and ebony roots was carried out in three
ebony stands on Sulawesi Island, namely Maleali village and Tovalo village, Parigi Motong dis-
trict, Central Sulawesi province and in Ako village, Pasangkayu district, West Sulawesi province,
Indonesia. Identification of AMF species was carried out at the Forest Biotechnology Laboratory,
Bogor Agricultural Institute. We found 19 AMF species from two genera (Glomus and Acaulo-
spora) associated with ebony, with the distribution of 7 AMF species in Maleali village, 5 and 7
AMF species in Tovalo village and Ako village, respectively. Furthermore, AMF colonisation on
ebony roots was in the low category, between 0.33 % and 2.47 %, with a spore density of 38—162
per 50 g of soil. The results of this study indicate that Diospyros celebica is associated with AMF.
This information can be used as a guide in the use of AMF to optimize the cultivation, conserva-
tion and restoration programs of this species in the future.
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Introduction ing to 44 families have been screened for

mycorrhizal status (Wang and Oiu 2006).
Currently, there are very few data regard- The 54 plant species are classified as en-
ing the status of mycorrhizae in endan- dangered, 13 species as Near Threatened
gered plants in the world (Evelin et al. and 72 are included in the Least Concern
2019). Bothe et al. (2010) reported that category. And among the 54 species that
based on the International Union for Con-  are endangered, 11 plant species are cat-
servation of Nature (IUCN 2022a) data- egorised as critically endangered, 6 en-
base, only 139 rare plant species belong- dangered and 30 vulnerable.
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Tree species are threatened with ex-
tinction in Indonesia, which have been
studied in symbiosis with arbuscular my-
corrhizal fungi, among others; Kuku wood
(Pericopsis mooniana Thw.) (Husna et al.
2015), Kalapi (Kalappia celebica Kosterm)
(Asrianti et al. 2016), Bisbul (Diospyros
blancoi A.DC.) (Ningsih et al. 2013) and
Jenang (Daemonorops draco Blume)
(Purwati et al. 2019). Meanwhile, there
are still many other forest plant species
that are threatened with extinction and it
is not yet known whether they are in sym-
biosis with mycorrhizae or not. One exam-
ple is Diospyros celebica Bakh. which by
the people in Sulawesi island is known as
ebony. This species has been categorised
as an endangered (vulnerable A1cd) since
1998 in the Red List of IUCN (2022b).

Ebony (D. celebica) is a genus of Ebe-
nacea family, one of the endemic plant
species on the island of Sulawesi, where
natural populations can only be found in
Central Sulawesi (the districts of Poso,
Parigi Moutong and Donggala), South Su-
lawesi (the district of Gowa, Barru, Maros,
Sidrap and Mamuju) and Gorontalo (Hen-
dromono 2008). Ebony produces luxury
wood that has high economic value and
has been ratified as the mascot of the
province of Central Sulawesi through the
Decree of the Governor of Central Sulaw-
esi No. 660/78/1995 dated 27 February
1995 (Wulandari et al. 2017). Ebony has
a very beautiful wood pattern arranged in
black and brownish red strips, because of
its distinctive wood pattern, very strong
and durable. This species has a high com-
mercial value and is one of the trade tim-
bers classified as a luxurious type of wood
that is in great demand by the public, both
in the domestic and interntional markets
and is one of the causes of its limited ex-
istence in nature.

Ebony is a type of wood that grows

very slowly, with a life cycle of about 100
years and even up to 200 years. The slow
growth will be an obstacle in its develop-
ment, besides there is no much data about
its growth criteria (Rahman and Abdullah
2002). Many replanting efforts have been
carried out in logged-over areas, but the
success rate for planting is very low, pre-
sumably due to a lack of knowledge about
the ecology of where ebony species grow
(Allo 2002).

Arbuscular mycorrhizal fungi (AMF)
have the ability to colonisa various types
of plants found in various habitats in the
tropics (Zhi-Wei et al. 2001). They are
found abundantly in almost all natural ter-
restrial communities and are in an obligate
symbiosis with the roots of about 80 %
of terrestrial plants. This form of sym-
biosis is the oldest, the origins of which
can be traced back to 400 million years
ago (Harley and Smith 1983, Smith and
Read 2008). Arbuscular mycorrhizal fungi
including Glomeromycota are beneficial
soil microorganisms that have a key func-
tion in a complex network of biotic inter-
actions below and above the soil (Turrini
and Giovannetti 2012). However, the ef-
fectiveness of AMF in infecting host plants
varies, because AMF has certain spec-
ifications for selecting host plants. Host
plants and conditions of the surrounding
environment will indicate the level of pres-
ence of AMF (Goltapeh et al. 2008).

One of the efforts to increase the
growth of ebony seedlings in the context
of their conservation efforts is the use of
AMF. Utilisation of natural AMF from local
plants will be more effective than the use
of isolates from outside where the plants
are grown. This is because AMF is a living
microorganism with adaptability to a spe-
cific host and environment. Differences
in location and rhizosphere will result in
differences in the diversity of species and
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populations of AMF (Widiastuti and Kram-
adibrata 1992). Therefore, a study was
conducted on the status of AMF in ebony
rhizosphere which is the first step in the
exploration and utilisation of local superi-
or AMF to increase the growth of ebony
plants and before this species becomes
extinct on the island of Sulawesi.

The objectives of this research were to
study the colonisation and density of AMF
spores in Diospyros celebica stands in
Sulawesi Island, Indonesia.

Material and Methods

Research sites

This research was carried out for 8
months starting from April to December

2020. The locations of soil and root sam-
pling of ebony plants were carried out in
three locations (Fig. 1 and Table 1). Iden-
tification of the type, colonisation and
spore density of AMF was carried out at
the Forest Biotechnology Laboratory, Bo-
gor Agricultural University (IPB), Bogor,
West Java. Analysis of soil properties was
carried out at the Soil Science Laboratory,
Faculty of Agriculture, Tadulako Universi-
ty, Indonesia.

Diospyros celebica is a medium to
large tree with a straight trunk that can
reach a height of 40 m with a trunk diame-
ter up to 120 cm and often large buttress-
es. The outer bark (Pepagan) is grooved
and peeled off into small pieces, brown-
black in colour. Single leaf alternating,
oblong-elongated, measuring 10-35 cm x
2—7 cm, the underside is downy and gray-
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Fig. 1. Map of soil and root sampling locations in three ebony stands as a source
of ebony seeds on the island of Sulawesi.
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Table 1. Characteristics of ebony stands at the study site.
Altitude, Stand age,

Location Coordinates
m a.s.l. years
. . o - 00°08°55.63” S
Tovalo village, Kasimbar District, Parigi Moutong 119°59'01 20" E 56 30
Maleali village, Sausu District, Parigi Moutong 01°04'12.92” S 36 40
Regency 120°31°39.56” E
Ako village, Pasangkayu District, Pasangkayu 1°10'39,011° S 73 25

119°24°13,564” E

green. The upper surface of the leaves Soil and root sampling

is glossy and dark green. The flowers

are clustered in the axils of the leaves, Soil samples were carried out from the
white. The fruit is ovate, hairy, young fruit  surface to a depth of 20 cm. They were
is green and ripe fruit is yellow to brown taken randomly from ebony stands, where
(Gunawan et al. 2019, Fig. 2). 10 trees with relatively the same growth

4

Fig. 2. Morphological features of Diospyros celebica: a) trees, b) seedlings, c) leaves,
d) flowers, e) fruits, e) seeds (photos: Rukmi Rukmi).
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vigor were selected at each study site.
Furthermore, for each ebony tree, 4 sail
sampling points were set with a distance
of 1-2 m from the tree trunk, namely on
the west, east, north and south sides. At
each point 250 g of soil samples were tak-
en and then composited, so that a total of
1000 g was obtained from each tree. Each
soil sample was put in a plastic bag and
labeled accordingly. All soil samples were
air-dried in the laboratory for the purpose
of isolation and identification of arbuscular
mycorrhizal fungi spores and for analysis
of soil properties.

Fine root samples from ebony trees
were also collected at random from the
tree from which the rhizosphere soil was
taken. These roots were ensured to be
taken from at least three lateral roots to-
wards the smooth roots of the ebony tree.
After harvesting, these were put in a plas-
tic box, labeled according to the research
location and taken to the laboratory. Root
samples were rinsed under running tap
water to remove soil and adhering dirt. Af-
ter cleaning, they were cut into 1 cm size
and stored in 70% alcohol solution until
further analysis.

Isolation, identification of AMF
and analysis of physico-chemical
properties of soil

The technique used for the isolation
of AMF spores was the wet pour-filter
technique (Pacioni 1992). The spore ex-
traction was then followed by a centrifu-
gation technique (Brundrett et al. 1996).
The spore preparations used Melzer’s
dye and polyvinyl lacto glycerol (PVLG)
preservative placed separately on a glass
slide. AMF spores obtained from the ex-
traction after counting were placed in
Melzer's and PVLG solutions and their
types present in these two solutions were

the same. Then the spores were carefully
broken down by pressing the cover slip.
Healthy spores were selected and stored
on a slide that had been given a solution
of PVLG and Melzer then covered with a
cover glass. The colour change of spores
in Melzer’s solution is one of the indica-
tors to determine the type of spores. The
identification of was carried out by observ-
ing the morphological colour, shape, size,
hyphae, spore ornamentation, and the re-
action to the fusing solution (Schenck and
Pérez 1988, Schuller and Walker 2010).
After that, the AMF spores were identified
manually based on the description of the
current AMF species (International Cul-
ture Collection of Vesicular-Arbuscular
Endomycorrhizal Fungi in INVAM 2020).
The spores were observed under a stereo
microscope and were identified using an
Axio Imager microscope with a magnifica-
tion of 200x.

The spore density (per 50 g of soail)
was calculated by directly counting their
number present in each sample. AMF
species richness was defined as the num-
ber of AMF species present per soil sam-
ple (Koske 1987).

The physico-chemical properties of
the selected soil were analysed using a
standard protocol. Organic C was quan-
tified by Walkley-Black method (Walkley
and Black 1934). Total N was analysed
using Kjeldahl method (Kjeldahl 1883). P
availability was analysed using the meth-
od by Bray and Kurtz (1945). Soil pH was
determined using a digital pH meter and
soil texture using a pipette method.

Arbuscular mycorrhizal fungi
colonisation

The roots were put into a 10% KOH solu-
tion and stored for 2 weeks in the room.
After that the KOH solution was discard-
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ed and the root samples were washed
with clean water. Furthermore, they were
soaked in alkaline H,O, and then heated
for 45—-60 min at a 90 °C. Next, the roots
were cleaned and soaked in 1% HCL
solution for 24 h, then were immersed in
a dye solution (Trypan blue 0.05% + Glyc-
erin 70% + 30% aquadest) for 24 h. The
roots were then washed again and put
into a 50% glycerin solution.

AMF colonisation counts used the in-
fected root length method (Giovannet-
ti and Mosse 1980). From the roots that
have been treated with trypan blue, root
samples with a length of 1 cm were tak-
en and arranged in the glass microscopy
slides, and were carefully observed, the
field of view showing colonisation was
marked with (+), and if there was no col-
onisation it was marked with (-). In gener-
al, colonisation was characterised by the
presence of AMF strucutures within the
root such as extraradical and intraradi-
cal hyphae, vesicles, arbuscles or spores
(Brundrett et al. 1984). To calculate the
percentage of AMF infection in roots,
formula (1) (Brundrett et al. 1996) was
used:

2'100 , % (1)
where: A is the number of field of view col-
onised, B is total observed field of view.

The percentage level of AMF colonisa-
tion was classified according to the coloni-

sation standard of O’Connor et al. (2001),
namely: a) Not colonised: 0 % colonisation
value; b) Low: colonisation value <10 %;
¢) Medium: colonisation value 10-30 %;
d) High: colonisation value >30 %.

Data analysis

Levels for the treatment were calculated
by analysis of variance The mean density
and number of spores and the percent-
age of colonisation of arbuscular mycor-
rhizal fungi were compared using the test
Tukey’s Honestly Significant (LSD 0.05%
confidence). Significant (ANOVA) using
the SPSS software package (IBM SPSS
Statistics 25, Armonk, NY, USA).

Results and Discussion

Arbuscular mycorrhizal fungi
associated with ebony plants

The results showed that there were 7
types of AMF associated with ebony
plants in Maleali village, Sausu district,
Parigi Moutong Regency, Central Sulawe-
si, 5 species associated in Tovalo village,
Kasimbar district, Central Sulawesi. Parigi
Moutong, Central Sulawesi and 7 in Ako
village, Pasangkayu District, Pasangkayu
Regency, West Sulawesi. The description
of each type can be seen in Table 2.

Table 2. Description of Arbuscular mycorrhizal fungi spores associated with ebony

plants.
Species Description Loca-
Shape Size Colour Other ornament tion

Glomus sp. 1 globalus 10090 ym  brownish  pigmented hyphae and lay- A
yellow ered spore walls

Glomus sp. 2 globalus  100%90 ym yellow pigmented hyphae and A

spore walls

Glomus sp. 3 globalus 130%120 ym  blackish one spore wall, primidium A

brown and has not germinal wall
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Species Description Loca-
Shape Size Colour Other ornament tion
Glomus sp. 4 globalus 110x110 um  blackish one spore wall, does not A
brown have a germinal wall, there
are non-figmental hyphae
Glomus sp. 5 globalus 180%x180 um yellowish hyphae and spore walls A
Glomus sp. 6 ellipsoid 100%100 pm yellow one spore wall, do not have B
a germinal wall, have hy-
phae
Glomus sp. 7 globalus  90%x90 pym yellow spore walls and primidiums B
Glomus sp. 8 globalus 120%130 pym brown spore walls and primidiums B
Glomus sp. 9 ovoid 90%x90 um yellow  spore walls and non-figmen- B
tal hyphae
Glomus sp. 10 globalus 150x150 um  blackish non-figmental hyphae C
brown
Glomus sp. 11 globalus 120%120 ym  reddish spore walls, do not have a C
brown germinal wall
Glomus sp. 12 ovoid 110x110 ym yellowish  hyphae, spore walls, do not C
have germinal walls
Glomus sp. 13 globalus 120%120 ym  brownish clear hyphae and a spore Cc
black wall
Glomus sp. 14 globolus 110x110 um yellowish non-figmental hyphae and a Cc
spore wall
Acaulospora sp. 1 globalus 250%x350 ym brown spore wall and germinal A
wall, also non-figmental
hyphae
Acaulospora sp. 2 globalus 290x320 ym brown one spore wall and germinal A
wall, there are cicatrix and
saccule
Acaulospora sp. 3 globalus 180%180 um yellowish a germinal wall, there are B
brown cicatrix
Acaulospora sp. 4 globalus 360%x310 ym  brownish one spore wall, germinal C
wall, there are cicatrix
Acaulospora sp. 5 globalus 270%x270 um brownish one spore wall and germinal C

wall

Note: A— Maleali village, Sausu District, Parigi Moutong Regency; B — Tovalo village,
Kasimbar District, Parigi Moutong Regency; C — Ako village, Pasangkayu District, Pas-

angkayu Regency.

The types of each AMF associated
with ebony at the three research sites can
be seen in Figure 3.

Based on the results of spore identifi-
cation from the three research locations,
it was found that only 2 AMF genera as-

sociated with ebony plants, namely Glo-
mus and Acaulospora, where both genera
had yellow to brownish black colour on
average and were globalus shaped, but
could be distinguished based on the char-
acteristics and structure of each genus.
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Glomus sp. 1 Glomus sp. 2 Glomus sp. 3
Glomus sp. 5 Glomus sp. 6 Glomus sp. 7 Glomus sp. 8

Glomus sp. 9 Glomus sp. 10 Glomus sp. 11 Glomus sp. 12

Glomus sp. 13 Glomus sp. 14 Acaulospora sp. 1 Acaulospora sp .2

%,

Acaulospora sp. 3 Acaulospora sp. 4 Acaulospora sp. 5

Fig. 3. Micromorphology of AMF associated with ebony in three locations.
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The dominant genus Glomus was found
at three locations (71.3-80 %) compared
to the genus Acaulospora (Fig. 4). Some
of the characteristics of genus Glomus
were a distinctive hypal attachment that
was not found in other genera. It was glo-
bose-sub globose, ovoid and obovoid in
shape, yellow, brownish red, brown, and
black in colour, wall layers 1-2. This ge-
nus can thrive at a pH of less than 5 to
neutral. Furthermore, the genus Acaulo-
spora had several characteristics, includ-
ing globolus to elliptical, clear, yellow, or
yellowish red in colour, 2-3 spore walls,
there were substending hyphae (INVAM
2020). This genus was also more adapted
to acidic soil conditions with a pH of less
than 5 to neutral. The characteristic found
was that the spores develop on the edge
of the sporiferous saccule, so that in adult
spores there would be one saccule which
if released will leave a hole which is also

called cycatric.

In this study, it was found that Glom-
eraceae family was abundant, where only
two dominant genera were found, name-
ly Glomus and Acaulospora which were
found in the rhizosphere soil of ebony
plants. Previous studies have also report-
ed that they were also dominant in the for-
est which may be complementary to their
host plant functions (Zhao et al. 2003, Ja-
miotkowska et al. 2018, Wang et al. 2019,
Furrazola et al. 2020). The dominance of
Glomus and Acaulospora in plantations
may be related to the smaller spore size
which allows them to reproduce faster in
a shorter time (Wang et al. 2019). Con-
firmed by Husband et al. (2002), Li et al.
(2007), Jefwa et al. (2012) and Pereira et
al. (2014) is that Glomus and Acaulospora
are the most common and most common
arbuscular mycorrhizal fungi genera and
species found infecting terrestrial plants
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Fig. 4. Percentage of the number of arbuscular mycorrhizal fungi.
Note: A— Maleali village, Sausu District, Parigi Moutong Regency; B — Tovalo village, Kasimbar
District, Parigi Moutong Regency; C — Ako village, Pasangkayu District, Pasangkayu Regency.
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throughout the world, both in natural envi-
ronments and those that have been modi-
fied by humans. Both genera were able to
adapt to a very wide range of environmen-
tal conditions, including the different phys-
ico-chemical soil conditions in the three
research sites (Table 3). The absence of
other AMF genera in this study maybe due
to the size of their spores. As explained by
Hepper (1984) that large spores of AMF
species require a longer period to devel-
op compared to AMF species that have
small spore sizes, and also because rhi-
zosphere soil sampling is only done once.

The different soil physico-chemical
conditions between the three research
sites (Table 3), was one of the factors
that greatly affected the level of spore
density and the diversity of AMF species
found. Based on observations, the shape
and number of spores, type and genus of
AMF found in each research location var-
ied. This situation shows the diversity of
AMF found in each research location. The
diversity of species/genus and the num-
ber of spores found in this study can be

Table 3. Soil characteristics.

caused by differences in rhizosphere con-
ditions and research locations (Widiastuti
and Kramadibrata 1993, Diop et al. 2021,
Alrajhei et al. 2022).

The number of AMF species found in
this study was less than the results of re-
search by Nobre et al. (2018), where they
found 16 AMF species associated with
Babassu palm (Attalea speciose Mart.)
in the eastern suburbs, Amazonia, Bra-
zil, with the dominance of Acaulospora (6
species) followed by Glomus (3 species).
More results were also found by Son-
gachan et al. (2015), where they found 20
types of AMF in the rhizosphere of Clerod-
enrum species in Meghalaya, India.

According to Nurhalimah et al. (2014)
the distribution of AMF is influenced by
many factors, including soil type and
structure, N and P nutrients in the soil,
water, pH and soil temperature. Environ-
mental factors affect the level of mycor-
rhizal infection in plants. Each AMF genus
has a different character. Glomus with a
wide distribution pattern is a genus that
is able to survive and tolerate extreme
soils and also has symbiotic ability
and high adaptability to local condi-

Parame- Soil Sampling Location tions (Sianturi et al. 2005). Accord-
ters A B c ing to Clark (1997), Glomus has the
g-orgamc, 187+0.01 241+002 1.72+001 Shortest dor_mapcy period, has fairly
° good germination and the fastest
N-total, % 0.18 £+0.02 0.25 +0.02 0.18 £0.02 germination time among other my-
pH(H,0)  54310.01 5.5610.04 5.3920.02 corrhizal genera (+6 weeks), while
POsBray, 404003 7804017 596+002 the narrowest distribution of AMF
ppm genus is Acaulospora.
Soil texture Clay Clay Clay
Sand, % 39.02 £0.03 42.74 £0.02 5.52 +0.04 .
Clay, %  43.34 +0.65 40.90 :0.57 70.840.60 SPore density and arbuscular
Silt, % 17.64 +0.35 16.36+0.13 23.94 +0.10 Mycorrhizal fungi colonisation

Note: A — Maleali village, Sausu District, Parigi
Moutong Regency; B — Tovalo village, Kasimbar Dis-
trict, Parigi Moutong Regency; C — Ako village, Pas-
angkayu District, Pasangkayu Regency. Each value is
mean of three replications, + Standard Deviation.

The spore density of arbuscular
mycorrhizal fungi (AMF) per 50 g of
soil, the average number of spores,
the percentage of colonisation of ar-
buscular mycorrhizal fungi and their
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categories at three locations of ebony

stands can be seen in Table 4.

Table 4. Density, average number of spores and colonisation.

Location Spore density Colonisation, Cate- Forms of colonisation
study per 50 g of soil % gory Mycelium Vesicle Arbuscular
A 72+5b 0.73+0.15b Low + + -
B 38+3.05b 247 +0.44 a Low + + -
C 162 +12 a 0.33+0.26 b Low + + -

Note: A — Maleali village, Sausu District, Parigi Moutong Regency; B — Tovalo village, Kasim-
bar District, Parigi Moutong Regency; C — Ako village, Pasangkayu District, Pasangkayu Regen-
cy. Each value is the mean of three replications, + Standard Deviation, + present, - absent. Means
followed by same letter within a column are not significant at p < 0.05 level (Tukey’s Honestly

Significant test).

The results showed that the spore
density varied between the three loca-
tions. The density found in the ebony rhi-
zosphere soil in Ako village was higher
(162 spores per 50 g soil) and was sig-
nificantly different from the ebony stands
in Maleali village and Tovalo village, which
were only 72 and 38 spores per 50 g soil,
respectively. This is lower than that of C.
crinite rhizosphere soil, which is an aver-
age of 756 spores per 100 g of soil (Fur-
razola et al. 2020). Much higher results
were reported that the AMF spore density
associated with tree species in Eastern
China plantations was between 4.38 to
76.38 spores per gram of soil (Wang et al.
2019) and 100 to 302 spores per gram of
soil in the rhizosphere of Attalea speciosa
(Nobre et al. 2018, Wang et al. 2019).

Liu et al. (2021) reported that soil pH
is a major factor and negatively affects
the mycorrhizal status of the rhizosphere
and endosphere. The effect of soil pH on
the results of this study also confirmed by
Guo and Gong (2014) who observed that
soil pH is the main factor in the formation
of AMF composition in ecosystems that
are stressed by salt levels, because soil
pH affects spore germination and AMF hy-
phae growth (Gai et al. 2004). Soil pH at
three locations of ebony stands tends to

be acidic, namely 5.39-5.56. Low or very
acidic soil pH has a direct relationship with
an increase in the number and presence
of AMF spores in the soil (Saputra et al.
2015). Generally, mycorrhizae are resis-
tant to changes in soil pH so that in alka-
line or very acidic soils AMF can still be
found. However, the number of AMF de-
pends on the adaptability of each type to
be able to develop properly (Samsi et al.
2017). Soti et al. (2014) reported that the
AMF colonisation rate was high in soils
with low acidity (5.5-6.0) compared to
soils with high acidity (4.0-4.5). Differenc-
es in season, temperature and humidity
can also affect AMF sporulation (Koske
1987), and this causes the highest num-
ber of spores found in the rhizosphere of
ebony plants in Ako village, Pasangkayu
district, West Sulawesi, compared to the
other two locations.

According to Suharno et al. (2016) the
duration of the interaction between fungi
and hosts is influenced by variations in
the dependence of mycorrhizae on the
host plant and the influence of land condi-
tions on the ability of mycorrhizae to grow.
The diversity of AMF is highly dependent
on natural conditions. Differences in the
location of growth and rhizosphere cause
differences in the diversity of species
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and populations of AMF (Cui et al. 2018,
Velazquez et al. 2020, Husein et al. 2022,
Islam et al. 2022). The diversity of AMF
spores is due to, among other things,
differences in soil properties (Alimi et al.
2021), management practice and eleva-
tion level (Marizal et al. 2016), organic
matter content in the soils (Bedini et al.
2013, Rini et al. 2017), plant nutrition, light
intensity and temperature change (Sun et
al. 2013). The next environmental factor
that affects the number of spores is C-or-
ganic (Samsi et al. 2017).

C-organic in ebony rhizosphere soll
samples in Maleali village, Tovalo village
and Ako village was 1.87 %, 2.41 %,
1.72 % respectively. The stand with high
organic C content (Tovalo village) had
fewer spores than the other rhizosphere
soil samples. This is in line with the results
of Sianturi et al. (2005) who also reported
that a small number of AMF spores were
found in soils with the highest organic C
content. However, the highest number
was found in soils with a very low C-or-
ganic content compared to soil samples
with a high content (Samsi et al. 2017).

The results in Table 4 show that the
samples of ebony roots from Tovalo vil-
lage, Kasimbar District had the high-
est percentage of colonisation by AMF
(2.47 %) which was significantly different
from the percentage of colonisation in
ebony root samples from Maleali village,
Sausu District (0.73 %) and the lowest was
in the sample of ebony roots from Ako vil-
lage, Pasangkayu District (0.33 %). Ebony
root colonisation was categorised as low.
The same results were obtained by Turja-
man et al. (2019), where they found a low
percentage of AMF colonisation on sever-
al plant roots in the peat swamp forest of
Jambi, Sumatra, Indonesia, namely Alsto-
nia scholaris (L.) R.Br. (7 %) and Macaran-
ga pruinosa (Miq.) Mull.Arg. (9 %).

The low AMF colonisation in ebony
roots may be influenced by many fac-
tors, for example growth conditions, in-
teractions with host plants, light condi-
tions, temperature, competition of AMF
with other soil microbes (Turjaman et al.
2019). The age factor of the old ebony
plants (25—40 years) (Table 1) has rela-
tively hard roots so that it has difficulty in
the process of infection. AMF infection is
more common in young roots (Hermawan
et al. 2015). Edaphic and climatic fac-
tors, compatibility between fungi and their
hosts, root properties and the presence of
other soil microorganisms can affect AMF
sporulation and its symbiosis with certain
trees (Ferdousee et al. 2012).

Furthermore, soil P is also an import-
ant factor affecting the intensity of coloni-
sation and growth of AMF spores. When
it is abundant, plants will obtain a lot of P
nutrients through their roots so they can
inhibit growth, extension rate and activity
of AMF extraradical hyphae (Zhang et al.
2014). This condition causes a reduction
in the level of root colonisation, resulting
in reduced P uptake and plant growth (Ki-
ers et al. 2011, Li et al. 2013). Similar to
available P and organic C, in this study,
the highest total soil N was also obtained
from ebony stands in Tovalo village,
0.25 %, followed by ebony stands in Ma-
leali village and Ako village 0.18 %. N is
a limiting nutrient in many terrestrial eco-
systems (Vitousek and Howarth 1991), in-
cluding influencing plant associations with
AMF. Their development, both in terms of
hyphal proliferation and spore formation
is influenced and stimulated by addition
of organic matter containing high N (Gry-
ndler et al. 2003, Bukovska et al. 2016).

Based on the data obtained, the high
density and average number of spores
in Ako village was not followed by a high
percentage of root colonisation by AMF. In
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accordance with the explanation by Smith
and Read (1997) it is not certain that
plants with a high percentage of AMF col-
onisation will have high spore densities.
This is due to spore formation factor which
is influenced by many factors including
edhapic ones and seasonal variation (Si-
vakumar 2013), the host plant (Sun et al.
2022), growth medium, fertilizer, temper-
ature (Kilpelainen et al. 2020) and light
(Menge 1984). Zhang et al. (2014) stated
that the level of root colonisation by AMF
and spore density were closely related to
the soil factor.

In addition, soil texture is also closely
related to the development of plant roots,
and indirectly affects the percentage of
AMF in plant rhizosphere (Saputra et al.
2015). According to Foth (1994) soil that
contains a lot of dust is stronger at stor-
ing water because it has small pores and
has water absorption slowly so that water
is stored in the soil for a long time. In this
condition, the available water content is
more so that mycorrhizal colonisation on
the roots is very low. The results of obser-
vations of AMF infection in ebony roots
can be seen in Figure 5.

Based on the results of observations,
the percentage of AMF infection was
characterised by the presence of struc-
tures such as AMF vesicles and hyphae

in the ebony root tissue, whereas in roots
that did not show any infection, these
structures were not found. In the obser-
vation of root colonisation, the presence
of arbuscular was not found in all the ob-
served root samples. According to Smith
and Read (1997) the existence of the
arbuscular in the root is relatively short,
ranging from 1-3 days. However, with the
presence of one or more AMF structures,
it can be said that there has been an asso-
ciation by AMF to its host plant.

Conclusions

Arbuscular mycorrhizal fungi associated
with ebony plants from the three research
sites consisted of 19 species belonging
to two genera, namely the genus Glomus
and Acaulospora. The spore density found
in Ako village was higher (162 spores per
50 g soil). AMF colonization on ebony
roots also varied the highest percentage
of AMF infection was in ebony roots in
Tovalo village (2.47 %). The results of this
study provide basic information about the
association of AMF with ebony plants un-
der natural conditions. From the research
results, it is recommended that further re-
search is needed, especially the identifica-
tion of AMF species in natural ebony for-

a

b c

Fig. 5. Ebony roots infected by AMF: a — hyphae, b — vesicles, ¢ — uninfected roots.
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ests in various distribution areas, so that
data on the diversity of AMF species as-
sociated with ebony is more complete and
can be used as a reference in future con-
servation efforts, especially the application
of these species. AMF has been found to
support the cultivation, conservation and
restoration of this species in the future.
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