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ABSTRACT

Arbuscular Mycorrhizal fungi (AMF) aid the establishment of vegetation on stressed soils as they contribute
to soil ecological functions as well as improvement in plant growth. Understanding the mycorrhizal
diversity and density within an area is an important step in harnessing the immense benefits of mycorrhiza.
This study assessed the diversity and density of AMF in a revegetated tailing storage facility in Ghana. A
balanced hierarchical sampling scheme with 4 stages and 72 sampling points was used over four sampling
periods. Seventeen AMF spore types from nine genera (Acaulospora, Claroideoglomus, Diversispora,
Gigaspora, Glomus, Racocetra, Rhizophagus, Septoglomus and Scutellospora) and five families
(Acaulosporaceae, Claroideoglomeraceae, Diversisporaceae, Gigasporaceae and Glomeraceae) were
isolated and identified from the samples. The density of spores varied between 24 and 817; 21 and 303; 21
and 321; and 24 and 875 spores 100 gL dry tailing solids respectively for the four sampled periods. The
spore densities for the control samples also varied between 85 and 307; 65 and 248; 90 and 321 and 70 and
287 spores 100 g1 dry soil for the respective sampling periods. Recorded spore densities varied
significantly within sampling locations (p = 0.000) and between sampling periods (p = 0.000). The density
and diversity of the AMF found in this study were relatively high and may have contributed significantly to
the revegetation of the storage facility. These findings are important pointers for the adoption of
mycorrhization in vegetation establishment and ultimately rehabilitation of decommissioned tailings storage
facilities in Ghana. Further studies should however be done to determine how the various vegetation types
found on the TSF affect AMF diversity and density.
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INTRODUCTION

Gold mining in Ghana continues to grow in size and significance (McQuilken & Hilson, 2016) as the sector
continues to play a significant role in the socioeconomic development and livelihoods of over 15 million
people in the country (Akabzaa, 2009); and together with other minerals extracted in the country contributes
significantly to national development (Ros—Tonen et al., 2021). Ghana’s mineral potential and the country’s
contribution to global minerals output, especially gold is well acknowledged (Ofosu et al., 2020; Essah,
2021; Yiridomoh, 2021). On the average, mining accounts for about a third of gross foreign exchange and
about 7% of gross domestic product. Its contribution to government tax revenue is around 4%, employing
about 0.7% of the working age population (Baah, 2005; ICMM, 2015). Several studies however, have
reported the negative impacts of mining activities on the environment, and the microbial diversity and
activity in soils (Aghetara, 2012; Yankson & Gough, 2019). High-volume toxic waste material (tailing) is
generated from mining projects and their management and disposal informs if a mining project is
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environmentally friendly or not (Kemp et al., 2021).

Mining, mineral processing, and metallurgical extraction result in the production of a high volume of
unwanted material in the form of overburden, rock waste, tailings, spoils, sludge and process water. The vast
majority of the mined material ends up as tailings which, represent the most voluminous waste at metal
mine sites especially in instances where low-grade ores are utilized (Lottermoser, 2007). Tailings are the
materials remaining after extraction and beneficiation of ores and are characterized by elevated
concentrations (1-50 g kg™1) of metals such as arsenic, cadmium, copper, manganese, lead, and zinc (Boulet
& Larocque, 1998). With no organic matter or macronutrients, and usually exhibiting acidic pH, although
some tailings may be alkaline (Krzaklewski & Pietrzykowski, 2002; Titshall et al. 2013), tailings remain
without normal soil structure and generally support a severely stressed heterotrophic microbial community
(Mendez et al., 2007). Mine tailings are usually stored in surface containments within embankments, usually
referred to as tailings storage facilities (TSFs) or tailings dams. These storage facilities or dams may range
from a few hectares to thousands of hectares in size and because of this, they leave the largest “footprint” of
any mining activity on the landscape (Lottermoser, 2007). The environmental impact of mine tailing
disposal sites is enormous, as unreclaimed mining sites generally remain unvegetated for years, and exposed
tailings can spread over tens of hectares via eolian dispersion and water erosion (Gonzalez & Gonzélez-
Chéavez, 2006).

The key long-term goal of tailing disposal and management is to prevent the mobilization and release into
the environment of toxic constituents of the tailing. In most instances, these tailing facilities are revegetated
and put under agricultural usage (Prayudyaningsih et al., 2019). The practice of appropriate revegetation
techniques in mine tailing is necessary to reduce erosion, protect soil against degradation, and limit the
spread of metal contamination (Mendez & Maier, 2008; Carrasco et al., 2010). Soil microorganisms are
known to play a key role in the mobilization and immobilization of metals thereby changing their
availability to plants (Wang et al., 2022).

Root-colonizing symbiotic microorganisms such as arbuscular mycorrhizal fungi (AMF) are mainly
involved in phytoremediation (Cicatelli et al., 2014) and can be used as a complement to immobilization
strategies (Gaur & Adholeya, 2004) especially for heavy metals. AMF are soil microorganisms that
establish mutual symbioses with the majority of higher plants, providing a direct physical link between soil
and plant roots (Kumar & Singh, 2019). They belong to the phylum Glomeromycota and are ubiquitous
components of the soil microbiome that form nutritional associations with a great majority of plants in
various ecosystems (Smith & Read, 2010). AMF occur in almost all habitats and climates (Davison et al.,
2011) including disturbed soils such as those derived from mining activities (Johnson, 2010;
Prayudyaningsih et al., 2019). However, soil degradation brings about changes in the diversity and
abundance of AMF populations (Lekberg & Koide, 2005; An et al., 2008; Silva et al., 2022). An important
function of AMF is the provision of mineral nutrients to plants in exchange for photosynthates and aiding in
regulation and maintenance of plant productivity and diversity (Johnson, 2010). Changes in AMF
communities can strongly affect plant communities in either way (Klironomos et al., 2011).

AMF have been shown to aid the establishment of vegetation on stressed soils (Ardestani et al., 2019). The
extent to which vegetation is established successfully on a nutrient-poor tailing storage facility will depend
on the consortia of mycorrhiza present in a given area. Many researchers have reported the occurrence of
various mycorrhiza in plant roots growing in heavy metal contaminated soils (Sharma & Sharma, 2013;
Yang et al., 2017) whilst others have highlighted their importance (Gaur & Adholeya, 2004), however, very
little work (Asmah, 1996) has been done on mycorrhiza in general in Ghana and none on abandoned tailing
storage facilities in any of the mining companies in Ghana. The diversity of mycorrhizal species in
Ghanaian soils and revegetated tailing storage facilities is not well known. Though a lot of decommissioned
tailing storage facilities can be found in the mining areas of Ghana, expensive conventional engineering
options are usually used in their rehabilitation, leaving out the cheaper option of the application of
mycorrhiza. Thus, the wealth of benefits that can be derived from these organisms remain untapped due to
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the limited knowledge on them. Understanding the mycorrhizal diversity and density within an area is a first
step in harnessing the immense benefits of mycorrhiza. It is on this basis that this study was carried out to
assess the diversity and density of AMF in a revegetated tailing storage facility in Ghana.

MATERIALS AND METHODS

Study Area

The study was carried out within the concession of Abosso Goldfields Limited (AGL), a Ghanaian
registered company, which operates the Damang Gold Mine. With a total concession area of the 52.39km?
(8111 ha), the Damang Mine is located about 1.5km North-east of the Damang village in the Prestea Huni-
Valley Municipality of the Western Region of Ghana (Figure 1). It is also 45km North-East of Tarkwa, the
capital of the Tarkwa-Nsuaem Municipality. It lies on latitude 5°°15°05"N and longitude 1°59°17"W.
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Figure 1: Map of study area
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Sampling Design

A modified balanced hierarchical sampling scheme with four stages was adopted in this study following the
works of Youden and Mehlich (1937). An area of approximately 150 m x 150 m was mapped out within the
TSF as the experimental site. Nine (9) primary locations, designated as sampling stations, which were 75 m
apart, were selected. At each station, two (2) substations were selected 29 m apart. Two (2) sampling areas
17 m apart were located at each substation. Finally, in each sampling area, two (2) sampling points, 5 m
apart, were located. These distances were not rigidly adhered to and this, combined with the complete
freedom to direction, permitted the exercise of the utmost discrimination in securing the samples under
comparable conditions. In all, 72 sampling points were used in this study as indicated in Table 1 with the
schematic presentation of the sampling design shown in Figure 2. The study was conducted over four
sampling periods (September — November 2020; December 2020 — February 2021; March — May 2021 and
July — August 2021).
150 m
75 m

r @
r . ‘ m— Stations
v

29
. - . m—- Substations

17 m 17 m

. . m——- Sampling areas

5m 5m 5m 5m

. . . . e Sampling points
5

Figure 2: Schematic representation of sampling design [Adopted from Youden and Mehlich (1937)].
Sample Collection

Approximately 2 kg of tailing were collected up to a depth of 20cm using a plastic trowel from 8 sampling
points per sampling station. The samples were transported to the laboratory in labeled plastic sample bags.
The labeling and identification of the samples were facilitated by the adoption of a numbering system where
each sample was codified in the x-y plane. The nine stations were given the numbers 0 to 8 and appear in
the x- position of the code. The eight sample points at each station were numbered 1 to 8 and occupied the y-
position in the number. In all, 288 tailing samples were collected over the sampling period. Samples were
also collected from an unmined location to serve as a control.

Preliminary Sample Preparation

The tailing samples were air-dried and sieved with a 2mm sieve to remove coarse materials such as stones
and other debris. Tailing samples were stored at room temperature for further laboratory analysis.

Spore Isolation and Identification

All tailing samples were analysed for their AM fungi spore content by modification of methods for wet
sieving according to Gerdemann and Nicolson (1963) followed by sucrose centrifugation (Oehl et al. 2003).
100g each of the previously sieved tailing samples were suspended in 400 ml of tap water and vigorously
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washed for 10 minutes to free the spores from aggregates of soil or organic materials. Calgon was not added
as the samples were not clayey. The tailing suspension was then wet-sieved through a series of sieves of
three different pore sizes, 750pum, 350um and 45um. The wet sieving was done by washing the suspension
in lukewarm running tap water. Roots and other coarse debris collected on the coarse (750-pum) sieve, while
spores were captured on the finer sieves. The contents from the two sieves with the smallest pore sizes were
pooled and centrifuged at 1750 rpm for 5 minutes in a horizontal rotor. The supernatant liquid was carefully
decanted, the pellet resuspended in 60% sucrose solution and further centrifuged for 5 minutes. The sucrose
fraction containing AM fungal spores was then sieved through a 30um sieve and rinsed thoroughly with
running water to remove the sugar. The sieving was transferred onto petri dishes, counted under a
compound microscope and the number of spores in the dish expressed as spores/g of the tailing sample. The
sievings that were not immediately observed were then preserved in Ringer’s solution (0.6g NaCl, 0.01g
CaCl,, 0.01g KCl and 0.01 MgCl,, in 100ml distilled water) for later analysis.

For AM spore identification, the spores were mounted on microscope slides as described by Schenck &
Perez (1990) and identified to the level of genus or species. Identifications were based on current species
descriptions and identification manuals (Schenck & Perez, 1990; INVAM, 2014).

The morphological variables used for spore identification, as prescribed by de la Cruz (1991), were:
occurrence of sporocarp, its shape, colour and size; occurrence of peridium and its characteristics; colour of
spores, their size and shape; number of spore walls, their colour, thickness and ornamentation; and
attachment of spores, shape and type of occlusions.

| Sporocarp of Giomus spp.

Glomus ambisporum

Figure 3: Samples of isolated AMF spores
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Data analyses

Diversity and Dispersion

Diversity and dispersion of the AMF were evaluated using both the Simpson’s diversity index (D) and
Shannon-Wiener index (H’).

Simpson’s Diversity index (D)

The Simpson’s diversity index was computed through the equation

> ni(ni-1)
D= 1- = . Equation 1 (Kumar et al., 2022)
N(N —1)

Where n is the number of each AMF species and N the total number of individuals of all species.
Shannon-Wiener Index (H’)

The index was calculated using the equation

H'=-%" Pilnpi i, Equation 2 (Spellerberg & Fedor, 2003)

Where s is the total number of species and p is the relative abundance of the ith species.
Statistical analysis

Conventional statistical analysis was performed using the IBM SPSS 24.0 software (SPSS Inc., Chicago, IL,
USA). Multiple comparisons and analyses of variance (ANOVA) were used to determine the differences
among and within spore densities and sampling periods for both tailing and control samples. Differences at
p< 0.05 were considered significant.

RESULTS

Arbuscular Mycorrhizae Fungal Spore Density in the Soil

The AMF spore density (spores 100 g1 dry tailing solids) at the various sampled locations are shown in
Table 1 below.

Table 1: Mean AMF spore density (100 g1 dry soil)

P-val
SP1 sp2  |sP3 |spa vae _
Sampling periods |Locations
Tailings 0.000 0.000
Low |21 21 21 24
High  [817 303 321 875
Mean  |253+2012 |115+320|119 +52P 5621204
Control 0.053 0.000
Low |85 65 90 70
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High  [307 248|321 |287
Mean  [-0°5704% 1501642 (1674822 15174

Means followed by similar letters are not statistically significant. SP denotes Sampling period

AMEF spores were present in all tailing samples for all sampled periods. As shown in Table 1 above, the
density of spores varied between 24 and 817; 21 and 303; 21 and 321; and 24 and 875 spores 100 g1 dry
tailing solids respectively for the four sampled periods. The spore densities for the control also varied
between 85 and 307; 65 and 248; 90 and 321 and 70 and 287 spores 100 g1 dry soil for the respective
sampling periods. The highest spore density of 875 spores 100 g1 dry tailing was obtained during the fourth
sampling period with the lowest of 21 spores 100 g1 dry tailing being recorded during the first and third
sampling periods. The fourth sampling period returned the highest densities, with a mean of 262.17+204.4
spores 100 gL dry tailing whilst the second period returned the least densities with an average of 114.72+32
spores 100 gL dry tailing. Statistically significant differences existed between the sampled tailing locations (
p = 0.000) and across the sampled periods (p = 0.000). Statistically significant differences were also
observed between the densities at the various control points (p = 0.000); however, the differences across the
sampled periods were not statistically significant (p = 0.053). Between the tailings and control locations, no
significant differences existed between the various sampled points (p = 0.536) and across the sampled
periods (p = 0.510).

Diversity of Arbuscular Mycorrhizae Fungi

Diversity of AMF in analysed tailing and control (soil) samples are respectively shown in Tables 2 and 3.
Seventeen AMF spore types from nine genera (Acaulospora, Claroideoglomus, Diversispora, Gigaspora,
Glomus, Racocetra, Rhizophagus, Septoglomus and Scutellospora) and five families (Acaulosporaceae,
Claroideoglomeraceae, Diversisporaceae, Gigasporaceae and Glomeraceae) were isolated and identified
from the tailing samples (Table 2). Out of the seventeen spore types, four belonged to the genus Glomus,
three to the genus Acaulospora, and two each to Gigaspora, Rhizophagus and Septoglomus whilst
Claroideoglomus, Diversispora, Racocetra and Scutellospora had one each. Within the genus Glomus, one
spore type could not be identified to the species level. All tailing samples contained at least 2 spore types.
The dominant spore type within the tailing samples was Glomus ambisporum, which accounted for 23.5%
of the total spores isolated. The least was the unidentified Glomus sps that accounted for only 0.063% of the
isolated spores. Four species, Diversispora epigea, Gigaspora margarita, Glomus cerebriformes and
Scutellospora calospora were not isolated from any of the locations during the second and third sampling
periods. The mean numbers of the isolated spores are shown in Figure 4.

Table 2: Diversity of AMF spores in tailing samples

Spore type SP1 |SP2 |SP3 |SP4 |Total |Rank
Acaulospora denticulate |1913|117 |154 [2062(4246 |7
Acaulospora foveata 673 |814 (874 |716 |3077 (9
Acaulospora tuberculata|1285(311 (342 (1280(3218 |8
Claroideoglomus luteum |1256|68 |129 1329|2782 |10
Diversispora epigea 370 [0 |0 [387 |757 (13
Gigaspora decipiens 2071|194 |157 (2155|4477 |6
Gigaspora margarita 18 |0 [0 |28 (46 |16
Glomus ambisporum 4456(1963|1959|4284(12662(1
Glomus cerebriformes |18 |0 |0 |143 |161 |14
Glomus marcocarpum  |1903(611 |624 (1933|5071 |4
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Glomus sps(Sporocarpia)|16 |1 |1 |16 |34 |17
Racocetra gregaria 635 |46 |46 |685 |1412 |11
Rhizophagus aggregatus (1188(1395(1417|1226|5226 |2
Rhizophagus clarus 1326(1229(1242|1424|5221 (3
Septoglomus constrictum |188 |148 |153 |277 |766 |12
Septoglomus deserticola |849 |1463|1472|886 |4670 |5
Scutellospora calospora |45 |0 |0 |45 |90 |15

Figure 4: Mean number (to the nearest whole) of spores for tailing samples

5000
4500
L -
u 2000
5
= 3500
(T}
b= ot
[=] 3000
]
| 2500
=
= 2000
=
= 1530
u
= 1000
o0 i I
. h - & _
s o ] & o - £ s £ 3 T =%
§' "‘}‘; -\-\.;“' ¢_§ o .é o .;-5"0 aF o .-\"" :_:_("- e _:'\f i s A
o A e 4T A A L £ &
e \? A et -CS\{" o8 \.U F o £ - L e L A
ol - R L. . A 0 o B 5 g
- o g _Lh& I ey, ﬁ,\x" S J.\-.- .
&- o {-2‘: cx g & -{u q" s & N & i‘:? 4 o .:_k.. I
s - g & P R R o F o
TS Y. Pl T Y G A R
S B A LR A o af g 3t o % o ;g:ﬂ" 2
o L e 1 y F, -
Lo ' OF P o ,__e::. i of
Spore type

Table 3: Diversity of AMF spores in control samples

Spore type SP1{SP2[SP3[SP4| Total{Rank
Acaulospora tuberculata|140|167|128|131|566
Claroideoglomus luteum |64 [107|74 (86 (331
Dentiscutata nigra 480(473|476(495(1924
Gigaspora decipiens 50 |66 |74 |81 (271
Glomus ambisporum 370(378(378(334 (1460
Glomus marcocarpum |100{116|127{119(462
Rhizophagus aggregatus (97 [141{108(119(465
Septoglomus constrictum |17 (30 (42 (27 |[116

O|bh|lOIN|N|[FPIO|W

Eight AMF spore types from seven genera (Acaulospora, Claroideoglomus, Dentiscutata, Gigaspora,
Glomus, Rhizophagus and Septoglomus) and four families (Acaulosporaceae, Claroideoglomeraceae,
Gigasporaceae and Glomeraceae) were isolated and identified from the tailing samples (Table 3). Of the
eight spore types identified, two belonged to the genus Glomus whilst Acaulospora, Claroideoglomus,
Dentiscutata, Gigaspora, Rhizophagus and Septoglomus had one each. All control samples contained at
least two spore types. The dominant spore type within the tailing samples was Dentiscutata nigra, which
accounted for 34% of the total spores isolated. The least was Septoglomus constrictum which accounted for
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only 2% of the isolated spores.

Quantitative Diversity Indices of AMF Spore Species in the Tailing Samples

Species Diversity and Dispersion

The diversity and dispersion of the AMF within the TSF are represented by the indices in Tables 4 and 5.

Table 4: Mean Shannon-Wiener Diversity Indices (H’) for the sampling points

Sampling Stations

Sampling points

2

3

4

5

6

7

8

1.54+0.29

1.94+0.24

1.43+0.43

1.39+0.31

1.50+0.29

1.53+0.13

1.64+0.24

1.59 £0.21

1.38+0.09

1.44+0.2

1.63+0.05

1.48+0.00

1.28+0.14

1.32+0.11

1.28+0.04

1.55+0.07

1.26+0.05

1.55+0.06

1.38+0.07

1.62+0.02

1.58+0.03

1.30+0.08

1.64+0.07

1.55+0.09

1.5540.19

1.57+0.13

1.52+0.16

1.35+0.05

1.27+0.15

1.56+0.15

1.54+0.37

1.54+0.24

1.68+0.42

1.61+0.2

1.19+0.04

1.58+0.10

1.84+0.05

1.79+0.15

1.66+0.08

1.62+0.05

1.30+0.24

1.16+0.19

1.56+0.19

1.14+0.14

1.31+0.12

1.47+0.07

1.67+0.02

1.69+0.03

1.89+0.00

1.66+0.01

1.44+0.19

1.70+0.28

1.76+0.40

1.65+0.44

1.28+0.36

1.70+0.19

1.50+0.01

1.33+0.17

1.55+0.11

1.21+0.19

1.16+0.05

1.40+0.16

1.42+0.05

1.56+0.03

1.66+0.14

1.65+0.05

1.22+0.05

1.56+0.02

1.64+0.09

1.25+0.29

1.33+0.13

0.99+0.3

Ol N~ |lWIN|FH]|O

1.61+0.17

1.59+0.07

1.77+0.05

1.58+0.02

1.70+0.19

1.45+0.35

1.26+0.01

1.16+0.01

*Rows = Sampling stations; Columns = sampling points; C = control

Table 4: Mean Simpson’s Index of Diversity (D) for the sampling points

Sampling

Stations

Sampling

points

1

2

3

4

5

6

7

8

0.69+0.08

0.86%0.05

0.66+0.14

0.67+0.12

0.75%0.13

0.77+0.04

0.79+0.06

0.76x0.06

0.76%0.03

0.75%0.05

0.81+0.02

0.76+0.04

0.78+0.01

0.73+0.03

0.73+0.08

0.82+0.03

0.72+0.04

0.83+0.01

0.78+0.07

0.79+0.05

0.81+0.01

0.70+0.09

0.82+0.01

0.77+0.07

0.77+0.08

0.79+0.05

0.78+0.08

0.65+0.01

0.68+0.07

0.81+0.01

0.79+0.05

0.78+0.03

0.82+0.06

0.81+0.07

0.69+0.07

0.79+0.06

0.84+0.00

0.85+0.01

0.82+0.05

0.82+0.02

0.74+0.02

0.68+0.07

0.77+0.04

0.62+0.08

0.72+0.10

0.80+0.03

0.81+0.03

0.84+0.02

0.83+0.01

0.80+0.01

0.69+0.06

0.79+0.02

0.82+0.04

0.77+0.06

0.69+0.05

0.80+0.00

0.78+0.01

0.78+0.01

0.76x0.04

0.67+0.04

0.64+0.05

0.73+0.09

0.77+0.02

0.78+0.05

0.80+0.03

0.80+0.01

0.71+0.01

0.76+0.02

0.79+0.01

0.67+0.12

0.71+0.08

0.60+0.08

O||N|oo|g|h|WIN|IFL|O

0.76%0.03

0.75%0.02

0.81+0.05

0.75%0.06

0.78+0.04

0.74+0.05

0.65+0.03

0.64+0.02

*Rows = Sampling stations; Columns = sampling points; C = control

The mean Shannon-Weiner indices (H°), as seen from Table 4, were low to moderate for both tailing and
control samples. The lowest mean A’ index for the tailing samples of 0.9920.3 was recorded at Location 88
whereas the highest index of 1.94 occurred at Location 02. For the control samples, Location C3 recorded
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the highest A’ index of 1.77+£0.05 with the lowest of 1.16+0.01 occurring at C8. Statistically significant
differences (p = 0.049) existed in the mean Shannon-Wiener diversity Indices (H’) of the tailing samples
between the sampling stations. However, the differences between the sampling points were not statistically
significant (p = 0.882).

The mean Simpson’s Indices of Diversity for the sampling points are as shown in Table 5. Location 02
recorded the highest Simpson’s Index of Diversity of 0.86+0.05 with the lowest of 0.62+0.08 occurring at
Location 54. For the control samples, C8 recorded the highest Simpson’s index of 0.81+£0.05 while the
lowest of 0.64+0.02 was recorded at C8. Statistically significant differences were found to exist between the
Simpson’s indices at the sampling stations (p = 0.01) whereas no statistically significant differences existed
between the indices at the sampling points (p = 0.531).

DISCUSSION

The results of this study revealed the presence of AMF spores in all the samples analysed, with more than
70% of the samples containing 100 spores 100 g-1 dry soil or more.

The relatively high spore densities identified in this study supports other studies by Zhao et al. (2001) and
Dalpe and Aiken (1998) who found AMF at densities of 55 to 1,908 spores 100 g1 soil and 70 spores 100 g
-1 of dry soil respectively. Spore densities recorded in this study also showed significant variations within
sampling locations and between the sampling periods, supporting the assertion of Zhao et al. (2003) that
large variations in AMF spore densities associated with plant species (even same species) at different sites
exit. These are attributable to variations in factors such as microclimate (Silva-Flores et al., 2019),
management practices, nutrient levels, plant composition and edaphic factors such as pH, heavy metal levels
and moisture content (Bever et al., 2001; Johnson et al., 2013). The variations in the number of isolated
spores at the various sampling locations are thus expected as the factors influencing spore numbers vary
even at the micro-scale in space and in time (Davison et al., 2011). The TSF, and more especially the study
site had been put under different usages; some sections have been put under plantation cropping, with the
dominant stands being oil palm. A mixed stand of oil palm and several uncultivated grass species also
occupy sections of the study area while others are under leguminous trees and Vetiver grass cultivation; and
thus, possesses different histories of management practices. The control area is also a forest stand composed
of dense woody plants with minimal undergrowth. As the different plant stands will require different
cultural management practices, localized spore densities will differ as it has been established that cultural
practices affect the amounts of spores in the soil. Again, one of the means of spore transport is through
faunal movement. As different plant species attract different fauna, the plant composition of the area may
explain the differences in spore numbers at the various sampling locations. Canopy structure could have also
affected the number of spores at all the locations sampled. The vegetative stands, composed of different
species, formed a dense canopy cover that may have filtered the airborne spores and reduced the quantity of
spores settling on the soil. This assertion though plausible, is not conclusive as canopy-level spore numbers
were not assessed. The differences in the spore numbers across the sampling periods for the control
locations did not differ from each other which may be due to the fact that with the exception of the canopy
cover and faunal transport, no other factor which impact spore numbers acted significantly over the period.
As no tillage occurred within the control areas, the changes in spore numbers were marginal, with relatively
stable loads of spores. For the TSF however, cultural practices especially tillage is a principal factor
affecting spore numbers. Generally, it can be posited that for the TSF, canopy cover, tillage and especially
plant type and phenology influence the spore numbers. This agrees with Asmah’s (1996) assertion that the
presence of mycotrophic plants, such as oil palm and Vertiver grass could possibly be the reason for the high
spore numbers per gram of soil. The statistically significant variations in the number of spores over the
sampled period for both tailing and control samples in this study support the observation of An et al. (2008)
that seasonality has an effect on the number of AMF spores. No significant differences were found in the
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spore densities of AMF between the control site, which is a forest with minimal anthropogenic impact, and
the TSF which undergoes periodic tillage. This points to the fact that fungal spores are ubiquitous in nature.

It is evident in the present study that diverse species of AMF were present in both the tailing and control
samples, with the isolated spore types indicating that the fungi present consisted of different species of the
known genera of mycorrhizal fungi at different stages of maturation. This observation is consistent with that
of Asmah (1996). The AMF diversity did not depart from that obtained by Chaurasia et al. (2005) and
Chaurasia and Khare (2006) who reported 16 and 15 AMF species respectively. The most abundant genus
found in both the tailing and control samples was Glomus, which made up 33.2% of the specimens
identified, with an occurrence of 100%. This was followed by Acaulospora, Gigaspora, Rhizophagus and
Septoglomus. The dominant occurrence of the Glomus species has been shown to be as a result of their
remarkable adaptation to different and sometimes drastic conditions as reported by Soni and Vyas, (2011)
and Jha et al. (2011) thus, making them ubiquitous.

Seven common species — A. tuberculata, C. luteum, G. decipiens, G. ambisporum, G. marcocarpum, R.
aggregatus and S. constrictum — were found in both the tailing and control samples and were very
ubiquitous in most of the samples. This finding is consistent with that of Opik et al., (2006) who observed
that some AMF species such as G. mosseae, G. intraradices and G. etunicatum, are very frequent in their
occurrence and have global distribution and thus highly ubiquitous, which were classified as “generalists”
(Oehl et al., 2003). These seven species were found in areas that were several kilometers apart, with no
direct linkage and very different soil characteristics. Thus, no matter the substrate or environmental
conditions, these species will occur in the soil. On the other hand, D. nigra was found only in the control
samples whilst nine other species — A, denticulate, A. foveate, D. epigea, G. cerebriformes, R. gregaria, R.
aggregatus, R. clarus, S. deserticola and S. calospora — were found in only the tailing samples. These
species are referred to as ‘Specialists’ in the sense that they occur in specific ecosystems or growth
substrates such as the TSF and under specific nutrient, acid or neutral to alkaline soil conditions
(Sieverding, 1991; Oehl et al., 2003). The presence of the generalist and specialist AMF observed in this
study is in line with the observations of Méder et. al. (2002), Jansa et. al. (2003) and Ambili et. al. (2012).
Oehl et. al. (2003) are of the view that ‘generalists’ have been able to invade most existing ecosystems and
establish a permanent presence whereas the specialists need specific ecological conditions to survive.
Previous studies have also found members of the Gigasporaceae family, which includes Scutellospora, to
be more prevalent in sandy soils (Cuenca & Lovera, 2010; Chaudhary et. al., 2014).

The AMF diversity at both sites and the various sampling locations can be attributed to localised different
soil/substrate properties (Karaarslan & Uyanoz, 2011), type of vegetation (Hausmann & Hawkes, 2010) and
most especially, soil moisture content (Shukla et. al., 2012). However, soil moisture content did not seem to
have a huge impact in this study. The control soil was gravelly, more aerated, at the summit of a ridge and
very dry as a result of low water holding capability arising from the gravelly nature of the soil and low
levels of precipitation during the study. This, according to Shukla et. al., (2012) should provide enough
space for AMF sporulation. On the other hand, the crushing of the gold-bearing ore in the beneficiation
process results in the production of very fine particles which compacts after settling in the TSF. Thus, tailing
exhibit the characteristics of a mixture of clay and loam. With these characteristics, dry tailing has the
capacity to retain water, thus moisture remains in the tailing material for a long time and may not provide
enough space for AMF proliferation as deduced from Dubey et. al., (2008). It was thus expected that the
differences in the AMF diversity between the tailing and control samples, should have been statistically
significant. As this was not observed in the present study, it can be suggested that moisture did not have a
huge effect on the diversity.

The results of the study indicate that the spores isolated are heterogeneous in age and taxa, which is in line
with the observation of An et. al. (2008) that spore types in field soils are heterogeneous in age, taxa and
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viability; with viability been seen as a potential indicator of changes in mycorrhizal activity. The
heterogeneity in age is seen in the mix of young and senesce spores observed in all samples analysed whilst
the different species and genera isolated give credence to the taxonomic heterogeneity. It can be said that the
tailing samples do not depart significantly in terms of spore diversity from field soils.

The high mean Simpson’s Index of diversity (0.86+0.05) for the tailing samples shows shared dominance of
many AMF species while the relatively lower value (0.62+0.08) indicated dominance of few species. This
compares favourably with that of the control locations (0.81+0.05 and 0.64+0.02). Sixty out of the tailing
sampling locations and 75% of the control locations recorded Simpson’s indices greater than 0.70, an
indication of high diversity for this study. This observation agrees with those of Ambili et al. (2012) and
Rajeshkumar et al. (2015). The Shannon-Weiner indices recorded for this study were much lower than those
(1.91 and 4.56) recorded by both Ambili et al. (2012) and Rajeshkumar et al. (2015) respectively. This is so
as species dominance in this study was shared by maximum of 10 out of the total 17 AMF species in the
tailing samples whereas 5 out of 8 AMF shared the dominance in the control samples. The statistically
significant differences in all the measured indices at the various sampling locations indicate that different
practices and factors may be responsible for the distribution of AMF and that localized factors that affect the
AMF community exist.

Abbott and Gazey (1994) suggest that the intensity of soil use modifies AMF species composition hence
affecting diversity whilst Jansa et al. (2003) contend that factors such as the disturbance of AM fungal
hyphal networks, changes in the nutrient content or weed populations (vegetation effects) are the driving
forces affecting the AMF community structure. For this study, it can be posited that soil/substrate properties
(Xu et al.,, 2018), plant species (Straker et al., 2007), dispersal mechanism and the means of spore
propagation (Mangan & Adler, 2002) are critical to the incidence and abundance of AMF spores in the TSF.

CONCLUSION

This study revealed a high AMF diversity in the TSF. The communities of AMF inhabiting the tailings and
natural soil were spatially heterogenous, indicating spatial variations. The variability patterns between the
AMF in the tailing and natural soils are similar, an indication that AMF spores are ubiquitous. The mine
tailings were inhabited by both generalist and specialist AMF. Seven common species (generalists) were
found in both the tailing and control samples while nine other species were found only in the tailing samples
thus making them “specialists”. The most abundant genus found in both the tailing and control samples was
Glomus. These findings are important pointers for the adoption of mycorrhization in vegetation
establishment and ultimately rehabilitation of decommissioned tailings storage facilities in Ghana. Further
studies should however be carried out to determine how the various vegetation types found on the TSF
affect AMF diversity and density.
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