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Abstract. De Asis EPT, Demetillo FMM, Paguntalan DP. 2023. Arbuscular Mycorrhizal Fungi (AMF) diversity and population in UPV 
Nature Trail, Miagao, Iloilo, Philippines. Biodiversitas 24: 6692-6703. Arbuscular Mycorrhizal Fungi (AMF) are soil microorganisms 

that form the most prevalent mutualistic associations with plant species. Studies revealed its global distribution in various terrestrial 
habitats, but available local literature remains few. This study investigated AMF diversity in the University of the Philippines Visayas 
(UPV) Nature Trail, Miagao, Iloilo, Philippines. AMF spores were isolated using wet sieving, decanting, and centrifugation. A total of 
2815 individual spores were documented, with 114 distinct morphospecies representing 16 genera, nine families, and four orders 
classified. Glomus clarum, Acaulospora sp.7, and Scutellospora pellucida tallied the highest abundance across all points. Scutellospora 
pellucida (FOC=83.3%) recorded the highest species richness, followed by Ambispora sp. (FOC=77.78%), then Acaulospora mellea and 
Glomus australe (FOC=72.22%). Overall, Shannon-Weiner diversity index (H=3.6019) and Simpson diversity index (D=0.0420) 
revealed a very high AMF diversity in the trail, while the Pielou evenness index (J=0.7605) suggested a semi-balanced number of 

individuals among each morphospecies. A more abundant, even, and diverse, albeit not statistically significant, AMF community was 
recorded in forested areas compared to non-forested areas of the trail. Results generally suggest that the AMF community is diverse and 
abundant regardless of the location, ecosystem type, and faunal association. 
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INTRODUCTION 

Endomycorrhiza or Arbuscular Mycorrhizal Fungi 

(AMF) are ubiquitous soil microorganisms that are 

associated with almost 90% of plant species (Aggangan et 

al. 2015; Fasusi et al. 2021). This group of fungi belongs to 

phylum Glomeromycota which is characterized by finely 
branched hyphal structures, called arbuscules or hyphal 

coils, that colonize the cortical cells of plant roots (Pagano 

et al. 2016). The arbuscules are dedicated structures where 

the mineral and carbohydrate exchange occur. They 

penetrate cortical root cells and form balloon-like vesicles 

and branch out arbuscules allowing its host plant to capture 

minerals thereby expanding its absorptive capacity 

(Soriano et al. 2021). 

AMF are known for their notably high affinity for 

phosphorus, which they assist in absorbing, along with 

nitrogen, carbon, water, and other nutrients, in exchange 
for photosynthetically fixed carbon sources from their plant 

symbionts. Furthermore, AMF promotes resistance against 

fungal pathogens via interaction with soil microbes by 

initiating root surface resistance to invading pests and 

pathogens (Soriano et al. 2021). The presence of AMF has 

also been demonstrated to improve the tolerance of their 

host plant to abiotic stresses, such as adverse soil and 

extreme climate conditions. At a larger scale, the symbiosis 

significantly influences plant-plant interactions and the 

ecology of plant communities, and thus it can also have a 

profound effect on agricultural productivity, bioremediation 

(Aggangan and Cortes 2018) and as well as the conservation 

and rehabilitation of habitats (Davison et al. 2015; Liu et al. 

2021).  

With an approximately 2.5 billion occupancies of tropical 

vegetation in the world, 900,000 hectares of these important 

formations are damaged annually (Marinho et al. 2018; 
International Sustainability Unit 2015; Roberts et al. 2017). 

In this regard, it becomes importantly significant to identify 

the biological communities present in tropical forests. In 

the Philippines, various ecosystems within its ideal 

geographic location and tropical climate occur, ranging 

from terrestrial forests, grasslands to agroecosystems. Within 

these, the majority of vegetation depends on the beneficial 

associations with soil mycorrhizal fungi for efficient 

growth and survival (Marinho et al. 2018). Despite this 

fact, field surveys on the occurrence of AMF in the country 

remain elusive, particularly in the Western Visayas region.  
The Nature Trail inside the University of the 

Philippines-Visayas (UPV) campus, located in the town of 

Miagao, Iloilo Province, south of Panay Island is a known 

biodiversity hotspot. It is a terrain situated behind the new 

administration building and was launched as an official 

trail in 2018. The trail spans approximately two kilometers 

in a terrain that is composed of sloping hills, forested areas, 

glades, and a small, dried creek. Aside from being a place 

of leisure and recreation, the trail has been an interesting 

area for fieldwork in various research studies and laboratory 

activities. However, there has been no published literature 

on the indigenous species of AMF in this area.  



DE ASIS et al. – Arbuscular mycorrhizal fungi diversity and population 

 

6693 

As of 2022, there have been 327 morphologically 

described species of AMF, distributed in four orders, 11-17 

families, and 39-49 genera, depending on the classification 

system followed (Wijayawardene et al. 2020; CICG 2022).  

Published information on field surveys of 

endomycorrhizal diversity inside the UPV Miag-ao campus 

can provide wanting implications in relation to its diverse 

ecosystem. With this, the present study aims to provide 

baseline information of AMF species diversity and 

population present along the UPV Nature Trail, Miagao, 
Iloilo, Philippines. To do this: a) AMF spores are isolated 

from soil samples from different points across the trail with 

varying vegetation types. These soil samples are present 

within one meter point vicinity near associated plant 

species; b) the isolated AMF spores are then subjected to 

characterization following morphological features as basis 

for identification: color, shape, spore wall, and hyphal 

structures. 

MATERIALS AND METHODS 

Study site  

The study was conducted in the Nature Trail (10°38 

'38'’N, 122°13’51”E) located inside the University of the 

Philippines-Visayas (UPV) campus in the town of Miagao, 

Iloilo, Western Visayas, Philippines (Figure 1). This 
sampling site consists of litters of leaves from a variety of 

terrestrial plant species situated in a hilly topographic 

location following the town’s terraneous land formation. 

The entire trail spans approximately two kilometers, which 

starts from Phase 1 of the Nature Trail behind the UPV 

New Admin Building and across the UPV Reforestation 

Program Office and ends beside the UPV New Teacher's Dorm. 

Rhizosphere sampling and plant diversity assessment 

The sampling method used to determine the collection 

sites for the soil samples was the systematic random  

sampling technique. A total of six localized areas or points 

with fixed 250 m intervals each have been established 

within the UPV Nature Trail. Within the one-meter vicinity 

of the point, a 500 g soil sample was taken at a depth of 10-

30 cm from the rhizosphere using a garden shovel (Soriano 

et al. 2021). Any weeds, leaf debris, and litter at the soil 

surface were removed before placing the soil samples in 

properly labeled Ziploc bags. After which, soil samples 

were transported and stored in a refrigerator until 

laboratory usage. For the assessment of associated plant 
diversity, all plant species found within the 3 m diameter of 

each point were documented and identified.  

AMF spore isolation 

The standard procedure for Glomalean spore isolation 

using wet sieving and decanting methods according to 

Soriano et al. (2021) was conducted. First, the soil samples 

were air-dried for 30 min and pulverized. Then, three 50g 

subsamples representing the replicates of each sampling 

point were obtained and reweighed. Each replicate was 

added to 750 mL of distilled water and mixed thoroughly to 

disintegrate soil aggregates, then allowed to settle for 10 
min. Once settled, the supernatant was discarded through 

mesh screens following the nos. 18, 40, 170, and 400 with 

sizes 1, 0.420, 0.088, and 0.037 mm, respectively. This 

process was repeated four times until the color of the 

mixture became virtually clear. The acquired residues or 

filtered spores at the mesh screen 400 (0.037 mm) were 

washed with water, transferred into 50 mL tubes, and 

centrifuged for two rounds at 3000 RPM for three minutes. 

Next, the supernatant was discarded and replaced by a 60% 

sucrose solution. After that, centrifuge tubes were shaken 

vigorously for three seconds before undergoing another 
round of centrifugation at 2000 RPM for two minutes. 

Spores were finally re-sifted in sieve No. 400 and rinsed 

with distilled water before pouring onto Petri dishes for 

storage or immediate examination under a 

stereomicroscope.  

 

 
 

Figure 1. Map showing the location of the University of the Philippines Visayas in Miagao, Iloilo, Philippines  
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AMF spore identification and characterization 

Isolated spores from the rhizosphere soil samples were 

first examined under a stereomicroscope with a 20X 

magnification. Then, intact and viable spores were 

mounted in glass slides using a micropipette and dissecting 

needles. They were subjected to documentation and further 

examination under a photomicroscope in 400X and 600X 

magnification. For identification and classification, the 

following morphological attributes were used: color, shape, 

spore wall, and endophytic elements, such as hypha, 
arbuscules, coils, or vesicles. The morphotype identities of 

AMF spores were ultimately verified based on existing 

literature (Aggangan et al. 2015; Kamble et al. 2018; Islam 

et al. 2022), monographs, the AMF handbook of Souza 

(2015), and the online database, International Collection of 

Vesicular Arbuscular Mycorrhizal Fungi (INVAM). 

Calculation and analysis of AMF diversity 

The biodiversity of AMF in the study site was 

calculated and quantified using the Shannon-Weiner 

diversity index (H’), Pielou Evenness index (J), and 

Simpson Diversity Index (D), as shown below (Soriano et 
al. 2021). Species richness was determined by the total 

count of AMF species among the samples, while relative 

abundance was measured by: (Total number of individuals 

in a species/Total number of spores) x 100. Mean diversity 

values were further subjected to a one-way analysis of 

variance (ANOVA) and Tukey’s test for comparison.  

Shannon-Wiener Index (H’) = -   

Where: s = number of species and pi = proportion of 

individuals of each species belonging to the ith species of 

the total number of individuals 

Pielou Evenness index (J) =   

Where: H’max = lnS and S = richness. 

Simpson Index (D) = 1 - .  

Where: n = number of individuals in a single species 

and N = total number of individuals in a population 

RESULTS AND DISCUSSION 

Overall species diversity 

A total of 2815 individual spores of 114 morphospecies 

of AMF belonging to four orders (Archaeosporales, 

Diversisporales, Glomerales, and Paraglomerales), nine 

families (Ambisporaceae, Archaeosporaceae, 

Acaulosporaceae, Diversisporaceae, Gigasporaceae, 

Pascisporaceae, Glomeraceae, Claroideoglomeraceae, and 

Paraglomeraceae), and 16 genera were documented from 
the three rhizosphere soil subsamples of each of the six 

points established within the UPV Nature Trail in Miagao, 

Iloilo (Figure 2). Of these, 48 species were only described 

but unidentified under the Phylum Glomeromycota (Figure 

3).  

The order with the highest number of species known is 

order Diversisporales with 34 identified species. Following 

it is Order Glomerales with 26 species, then Order 

Archeaosporales with 4 identified species, and lastly Order 

Paraglomerales with the least species identified (n=1). 

On the family level, Glomeraceae had the highest 

recorded number of species (n=24), followed by 

Acaulosporaceae with 20 species. This is followed by 

Gigasporaceae (n=9), Diversisporaceae (n=4), then 

Claroideoglomeraceae, Ambisporaceae, and 

Archaeosporaceae where all have two species reported. The 

family with the least identified morphospecies are 

Pascisporaceae and Paraglomeraceae, both having only one 
species identified. 

Among all the morphospecies identified throughout the 

established points in the trail, Glomus clarum is found to be 

the most abundant (N=248) comprising 8.81% of the total 

morphospecies, followed by Acaulospora sp.7 (N=212) 

comprising 7.53%, Scutellospora pellucida (N=191) which 

is 6.79% of the total number of spores, Glomus sp.1 

(N=186) comprising 6.61% and Ambispora sp. (N=165) 

being 5.86% of the overall frequency. On the other hand, 

the lowest frequency was recorded in the following species: 

Acaulospora brasiliensis, Acaulospora sp.1. Glomus 
albidum, Glomus hoi, and Rhizophagus clarus, where N=1 

(Table 2). Biodiversity calculations revealed that the 

Shannon-Weiner diversity index (H) across all points in the 

trail is 3.6019, the Simpson diversity index (D) is 0.0420, 

while the Pielou evenness index (J) is 0.7605. 

AMF distribution across points 

The occurrence of AMF species on each subsample of 

each point was recorded and its frequency of occurrence 

was calculated by dividing the presence of the species by 

the total number of points established. The summary of the 

occurrence of AMF species is tabulated in Table 2. 
All points were dominated by Scutellospora pellucida 

(FOC=83.3%), followed by Ambispora sp. (FOC=77.78%,) 

and Acaulospora mellea and Glomus australe both having 

an FOC of 72.22%. Among the unidentified 

morphospecies, only Unidentified sp.36 and Unidentified 

sp.43 have the highest occurrence across all points 

(FOC=22.22%) only present in three points (points 4, 5, 

and 6) in four subsamples and two points (points 5 and 6) 

in four subsamples, respectively. 

Meanwhile, identified morphospecies with the least 

occurrence across all points having an FOC of 5.56% 

appearing only in one subsample include Acaulospora 
brasiliensis, Ac. gerdemanii, Ac. sp.1, Ac. sp.2, Ac. sp.6, 

Ac. sp.10, Archaeospora sp., Glomus albidum, Glomus hoi, 

Paraglomus albidum, Rhizophagus clarus, Sclerocystis 

pubescens, S. sinuosa, and Scutellospora arenicola. 

Additionally, this also includes unidentified species #1, #2, 

#4, #6, #7, #9, #11, #12, #15, #16, #19, #21, #22, #23, #24, 

#26, #28, #32, #34, #37, #38, #39, #41, #45, #46, #47, and 

#48. 

AMF species that occur in all sampling points are 

considered generalist species. Those identified and reported 

in the trail include Acaulospora denticulate, Acaulospora 
mellea, Acaulospora sp.4, Ambispora sp., Claroideoglomus 

etunicatum, Diversispora epigea, Glomus occultum, 

Glomus pallidum, Glomus sp.1, Glomus sp.2, and 

Scutellospora pellucida. 
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Table 1. Overall individual frequency of AMF morphospecies recorded across six points within the UPV Nature Trail, Philippines 
 

Species Overall 

freq. (N) 
Relative 

abund. (%) 

Acaulospora brasiliensis 1 0.04 

Acaulospora cavernata 13 0.46 

Acaulospora denticulate 24 0.85 
Acaulospora foveata 10 0.36 
Acaulospora gerdemanii 8 0.28 
Acaulospora lacunosa 8 0.28 
Acaulospora laevis 9 0.32 
Acaulospora mellea 120 4.26 
Acaulospora sp.1 1 0.04 
Acaulospora sp.2 2 0.07 
Acaulospora sp.3 35 1.24 

Acaulospora sp.4 145 5.15 
Acaulospora sp.5 3 0.11 
Acaulospora sp.6 2 0.07 
Acaulospora sp.7 212 7.53 
Acaulospora sp.8 2 0.07 
Acaulospora sp.9 13 0.46 
Acaulospora sp.10 5 0.18 
Acaulospora spinosa 15 0.53 

Acaulospora tuberculata 3 0.11 
Ambispora fennica 19 0.67 
Ambispora sp. 165 5.86 
Archaeospora sp. 3 0.11 
Archaeospora trappei 70 2.49 
Claroideoglomus claroideum 37 1.31 
Claroideoglomus etunicatum 93 3.30 
Diversispora aurantium 67 2.38 

Diversispora celata 3 0.11 
Diversispora epigea 59 2.10 
Entrophospora sp. 36 1.28 
Funneliformis coronatum 10 0.36 
Gigaspora albida 17 0.60 
Gigaspora rosea 28 0.99 
Gigaspora sp. 11 0.39 
Glomus albidum 1 0.04 

Glomus australe 127 4.51 
Glomus clarum 248 8.81 
Glomus fasciculatum 9 0.32 
Glomus flavisporum 11 0.39 
Glomus geosporum 17 0.60 
Glomus halonatum 39 1.39 
Glomus hoi 1 0.04 
Glomus intraradices 15 0.53 
Glomus macrocarpum 145 5.15 

Glomus maculosum 8 0.28 
Glomus multisubstensum 11 0.39 
Glomus occultum 106 3.77 
Glomus pallidum 57 2.02 
Glomus sp.1 186 6.61 
Glomus sp.2 59 2.10 
Glomus versiforme 4 0.14 
Glomus warcuppi 58 2.06 

Intraspora sp. 7 0.25 
Paraglomus albidum 3 0.11 
Pascispora sp. 15 0.53 
Rhizophagus clarus 1 0.04 
Sclerocystis pubescens 2 0.07 
Sclerocystis taiwanensis 2 0.07 

Scutellospora arenicola 2 0.07 
Scutellospora calospora 29 1.03 
Scutellospora dipurpurescrns 18 0.64 
Scutellospora pellucida 191 6.79 
Scutellospora sp. 16 0.57 
Scutellospora verrucosa 12 0.43 
Septoglomus constrictum 21 0.75 

Unidentified species #1 1 0.04 
Unidentified species #2 1 0.04 
Unidentified species #3 3 0.11 
Unidentified species #4 1 0.04 
Unidentified species #5 6 0.21 
Unidentified species #6 1 0.04 
Unidentified species #7 1 0.04 
Unidentified species #8 1 0.04 

Unidentified species #9 3 0.11 
Unidentified species #10 2 0.07 
Unidentified species #11 1 0.04 
Unidentified species #12 1 0.04 
Unidentified species #13 2 0.07 
Unidentified species #14 3 0.11 
Unidentified species #15 1 0.04 
Unidentified species #16 2 0.07 
Unidentified species #17 20 0.71 

Unidentified species #18 6 0.21 
Unidentified species #19 1 0.04 
Unidentified species #20 3 0.11 
Unidentified species #21 2 0.07 
Unidentified species #22 1 0.04 
Unidentified species #23 1 0.04 
Unidentified species #24 16 0.57 
Unidentified species #25 2 0.07 

Unidentified species #26 2 0.07 
Unidentified species #27 4 0.14 
Unidentified species #28 1 0.04 
Unidentified species #29 2 0.07 
Unidentified species #30 5 0.18 
Unidentified species #31 4 0.14 
Unidentified species #32 2 0.07 
Unidentified species #33 2 0.07 

Unidentified species #34 1 0.04 
Unidentified species #35 2 0.07 
Unidentified species #36 9 0.32 
Unidentified species #37 1 0.04 
Unidentified species #38 1 0.04 
Unidentified species #39 1 0.04 
Unidentified species #40 5 0.18 
Unidentified species #41 1 0.04 

Unidentified species #42 2 0.07 
Unidentified species #43 11 0.39 
Unidentified species #44 2 0.07 
Unidentified species #45 1 0.04 
Unidentified species #46 1 0.04 
Unidentified species #47 1 0.04 
Unidentified species #48 1 0.04 
Total 2815 100 
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Figure 2. Photomicrograph of the 66 identified morphospecies of AMF spores from UPV Nature Trail. From Order Archaeosporales, 
Family Ambisporaceae: (A) Ambispora sp. Walker, Vestberg and Schüßler (B) Ambispora fennica Walker et al.; Family 

Archaeosporacea (C) Archaeospora sp. Morton and Redecker (D) A. trappei Ames and Linderman (E) Instraspora sp.. Order 
Diversisporales, Family Family Acaulosporaceae (Morton and Benny): (F) Acaulospora brasiliensis comb. nov (G) Acaulospora 
cavernata Błaszk. (1989) (H) Acaulospora denticulata Sieverd. & S. Toro (1987) (I) Acaulospora foveata Trappe & Janos, in Janos & 
Trappe (1982) (J) Acaulospora gerdemanii N. C. Schenck & T. H. Nicolson (K) Acaulospora lacunosa J.B. Morton (1986) (L) 
Acaulospora laevis (M) Acaulospora mellea Spain & N.C. Schenck (N) Acaulospora sp.1 (O) Acaulospora sp.2 (P) Acaulospora sp.3 
(400x) (Q) Ac. sp 4. (R) Ac. sp.5 (S) Ac. sp.6 (T) Ac. sp.7 (U) Ac. sp.8 (V) Ac. sp.9 (W) Ac. sp.10 (X) Ac. Spinosa C. Walker & Trappe 
(1981) and (Y) Ac. tuberculata Janos & Trappe (1982); Family Diversisporaceae (Walker and Schüßler): (Z) Diversispora aurantium 
Błaszk., Blanke, Renker & Buscot (A1) Diversispora celata C. Walker, Gamper & A. Schüßler (B1) Diversispora epigea B.A. Daniels 

& Trappe and (C1) Entrophospora sp. R.N. Ames & R.W. Schneid; Family Gigasporaceae (Morton and Benny): (D1) Gigaspora albida 
N.C. Schenck & G.S. Sm. (1982) (E1) Gigaspora rosea T.H. Nicolson & N.C. Schenck (1979) (F1) Gigaspora sp. (Gerdemann and 
Trappe) (G1) Scutellopora arenicola Koske Koske & Halvorson (1990/1989) (H1) Scutellopora calospora Nicolson and Gerd. (I1) 
Scutellospora dipurpurescens J.B. Morton & Koske (1988) (J1) Scutellospora pellucida T.H. Nicolson & N.C. Schenck, Mycologia 71: 
189 = Cetraspora pellucida (K1) Scutellospora sp. Walker and Sanders and (L1) Scutellospora verrucosa Walker and Sanders; Family 
Pascisporaceae (Walker, Błaszk., Schüßler and Schwarzott): (M1) Pascispora sp. Sieverd. and Oehl. From Order Glomerales, Family 
Glomeraceae Piroz. and Dalpé emend Oehl, Silva and Sieverd: (N1) Funneliformis coronatum C. Walker & A. Schüssler (2010) (O1) 
Glomus albidum Silva & Sieverd., comb. nov.=Paraglomus albidum (P1) Glomus australe S.M. Berch (1983) (Q1) Glomus clarum Rose 

and Trappe (1980) (R1) Glomus fasciculatum Gerdemann and Nicolson (S1) Glomus flavisporum Trappe & Gerd. (1974) (T1) Glomus 
geosporum Gerdemann and Nicolson (U1) Glomus halonatum Rose and Trappe (1980) (V1) Glomus hoi S.M. Berch & Trappe (1985) 
(W1) Glomus intraradices Schenck and Smith (1982) (X1) Glomus macrocarpum Tulasne and Tulasne (Y1) Glomus maculosum Miller 
and Walker (1986) (Z1) Glomus multisubstensum Mukerji et al. (1983) (A2) Glomus occultum Walker (1982) (B2) Glomus pallidum I.R. 
Hall (1977) (C2-D2) Glomus sp.1, 2 Tulasne and Tulasne, emend. Walker and Schüßler (E2) Glomus versiforme (F2) Glomus warcuppi 
McGee (1986) (G2) Rhizophagus clarus T.H. Nicolson & N.C. Schenck (H2) Sclerocystis pubescens Sacc. & Ellis Höhn. (1910) (I2) 
Sclerocystis sinuosa Gerd. & B.K. Bakshi (1976) (J2) Sclerosytics taiwanensis C.G. Wu & Z.C. Chen (1987) and (K2) Septoglomus 
constrictum (Trappe) Sieverd. et al.; Family Claroideoglomeraceae (Walker and Schüßler): (L2) Claroideoglomus claroideum Schenck 

and Sm., Walker and Schüßler and (M2) Claroideoglomus etunicatum W.N. Becker & Gerd., C. Walker & A. Schüßler comb. nov. 
=Glomus etunicatum W.N. Becker & Gerd. (1977). From Order Paraglomerales, Family Paraglomeraceae Morton and Redecker: (N2) 
Paraglomus albidum Silva & Sieverd. Images with no scale are viewed under 400x magnifciation. Images with 100µm and 200µm are 
viewed under 400x and 600x magnification, respectively (Souza 2015) 

 

 

Diversity indices 

The Shannon-Weiner diversity indices of different 

subsamples across all points range from 2.3997 to 5.1043. 
Whereas, the Pielou Evenness index values range from 

0.7763 to 1.4728. The Simpson diversity indices range 

from 0.0535 to 0.1598. Interestingly, after subjecting the 

mean diversity indices of Shannon-Weiner (pH=0.422), 

Pielou Evenness (pJ=0.087), and Simpson (pD=0.516) to 

Welch’s One-Way Analysis of Variance (ANOVA), results 

show that there is no significant difference for all points at 

a 5% level of significance. All p-values obtained by the 

diversity indices are all greater than 0.05. In other words, 

the diversity and evenness among all points from different 

locations in the trail are fairly similar. Furthermore, this 

means that all data are normally distributed, thus post hoc 
analysis using the Tukey HSD test was not conducted. 

Across different ecosystem types, a higher Shannon-

Weiner diversity index was recorded in the forested areas 

of the trail (points 1-3) compared to the non-forested areas 

(points 4-6). The same result is also observed in terms of 

the Pielou Evenness index. On the other hand, a higher 

Simpson diversity index was calculated in the non-forested 

areas of the trail. Generally, all of these results indicate that 

the AMF community in the rhizosphere of the forest areas 

is more diverse and even, in comparison to that of the non-

forested areas (i.e., grassland, dried creek, glade) of the trail.  
 

Associated local fauna among points in the UPV Nature 

Trail 

Generally, the vegetation in points 1-3 can be described 

as forest-type, whereas points 4 and 5 are grassland. Point 6 

has been observed to have grassland areas, but it primarily 

exhibits vegetation characteristic of glades. In point 1, a 

total of nine plant species were identified within the point 
vicinity, which includes Swietenia macrophylla King, 

Morinda citrifolia Linn., Corypha utan Lam., Artocarpus 

blancoi Merr., Leea indica (Burm. f.) Merr., Flemingia 

strobilifera Linn., Saribus sp., Leea sp., and Antidesma 

sp.point 2 had eight plant species, including Corypha utan 

Lam., Swietenia macrophylla King, Milletea sp., 

Artocarpus blancoi Merr., Leea indica (Burm. f.) Merr., 

Cassia sp., Terminalia sp., and one unidentified plant 

species. There were 12 plant species in point 3, which 

include Swietenia macrophylla King, Caesalpinia sappan 

L., Melanolepis multigradulosa (Reinw. ex Blume) Rchb.f. 

& Zoll., Morinda citrifolia Linn., Macaranga tanarius (L.) 
Müll. Arg., Peltophrorum sp., Urena lobata L., Flemingia 

strobilifera Linn, Cyperus sp., and three unidentified plant 

species. In point 4, only two plant species were found in 

the vicinity, predominated by Uraria sp. and one 

unidentified plant species. Point 5 had a total of five plant 

species, mainly dominated by Bambusa sp. Other plant 

species found within point vicinity include Corypha utan 

Lam., Leea sp., Ixora sp., and one unidentified plant 

species. Lastly, only three plant species were documented 

around point 6. Chromolaena odorata (L.) R.M.King & 

H.Rob was the most prevalent species, followed by Urena 
lobata L. and one unidentified grass species.  
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Figure 3. Photomicrographs of 48 unidentified AMF species isolated across all six points from the UPV Nature Trail, Philippines 
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Table 2. Species composition of AMF collected from the six different points established in the UPV Nature Trail, Philippines 
 

Species 
P1 P2 P3 P4 P5 P6 

TC* FOC** 
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

Scutellospora pellucida - + + + + + - + + + + - + + + + + + 15 83.33 
Ambispora sp. + + - + + + - + + + + + - + + - + + 14 77.78 
Acaulospora mellea - + + + + - + + + + + + - + - + + - 13 72.22 
Glomus australe + - - + + + + + + + + + + + + - - - 13 72.22 

Acaulospora sp.4 - + + + - - + + + + + + - + - + + - 12 66.67 
Claroideoglomus etunicatum + + - + + + + - - - + + + - - + + + 12 66.67 
Glomus sp.2 - + + - + + + + - - + - + + + - + + 12 66.67 
DIversispora epigea - - + + + - - + + - - + + + + - + + 11 61.11 
Glomus occultum + - + + - + + + - - - + + + + + - - 11 61.11 
Glomus sp.1 + + - - - + + + + - + - - - + + + + 11 61.11 
Glomus clarum + + - + + + + + + - + - - - - + - - 10 55.56 
Acaulospora denticulate - + - + + - + - + - + + - + - - + - 9 50.00 
Acaulospora sp.7 - - - - - - + + + + + + - - - + + + 9 50.00 

Claroideoglomus claroideum + - + - + - - + - + - + - + + + - - 9 50.00 
Diversispora aurantium - - - + + + - - + - + + - - - + + + 9 50.00 
Glomus pallidum + + - - + - - + - - + + + - - + - + 9 50.00 
Scutellospora sp. + + + + + + - - - - + - - + - - + - 9 50.00 
Gigaspora rosea - - - + + - + - - + + - + + + - - - 8 44.44 
Glomus macrocarpum + + - + - + + + - - - - - - - + + - 8 44.44 
Entrophospora sp. + + - - - + - - - + + + - - + - - - 7 38.89 
Glomus warcuppi - - + - - - + + + - - + + - - - + - 7 38.89 

Acaulospora foveata + - - - - - + + - - + - - + - - - + 6 33.33 
Ambispora fennica - - - - - + + + + - - - - - + - + - 6 33.33 
Gigaspora sp. + + - - - - + - - + + - - - - - + - 6 33.33 
Glomus halonatum + - - - - + - + - - - - + + - + - - 6 33.33 
Scutellospora calospora + + - - + - + + - - - - - - - + - - 6 33.33 
Scutellospora dipurpurescrns + - + - - - - - - - - + + + - - + - 6 33.33 
Glomus fasciculatum - + + - + - - - - + - - - - + - - - 5 27.78 
Glomus multisubstensum - - - - + - - + - - - + + - + - - - 5 27.78 

Acaulospora lacunosa - - - - + - - - - + + - - - + - - - 4 22.22 
Acaulospora laevis - + + + + - - - - - - - - - - - - - 4 22.22 
Archaeospora trappei - - - - + + - + - - + - - - - - - - 4 22.22 
Glomus geosporum + - - - - - - - - + + - - - - - + - 4 22.22 
Glomus intraradices - + - - - + - - - - + - - - - - + - 4 22.22 
Pascispora sp. + - + - + - - - - + - - - - - - - - 4 22.22 
Septoglomus constrictum - + - - - - - + + - + - - - - - - - 4 22.22 
Unidentified species #36 - - - - - - - - - - - + + + - - - + 4 22.22 

Unidentified species #43 - - - - - - - - - - - - - + - + + + 4 22.22 
Acaulospora sp.3 - - - + - + + - - - - - - - - - - - 3 16.67 
Acaulospora sp.5 - + - + - - - - - - - - - - - - + - 3 16.67 
Acaulospora tuberculata - - - - + - - - - - - - - - + + - - 3 16.67 
Funneliformis coronatum - - - - - - - - - + + - + - - - - - 3 16.67 
Gigaspora albida - - - - - - + - - - - - - - - - + + 3 16.67 
Glomus flavisporum + - - - - - - - - - - - + - + - - - 3 16.67 
Glomus maculosum + - - - - - - - - - + - + - - - - - 3 16.67 
Scutellospora verrucosa + + - - - - - - + - - - - - - - - - 3 16.67 

Unidentified species #5 - + - + - - - - - - - - - + - - - - 3 16.67 
Unidentified species #31 - - - - - - - - - + - + - - + - - - 3 16.67 
Acaulospora cavernata - - - - - - - - + - - - - - - - + - 2 11.11 
Acaulospora sp.8 - - - - - - - - - - + + - - - - - - 2 11.11 
Acaulospora sp.9 - - - - - - - - - - - - + + - - - - 2 11.11 
Acaulospora spinosa + - - - - - - - - - - - - - - + - - 2 11.11 
Diversispora celata + - - + - - - - - - - - - - - - - - 2 11.11 
Glomus versiforme + - - - - - - + - - - - - - - - - - 2 11.11 

Intraspora sp. + - + - - - - - - - - - - - - - - - 2 11.11 
Sclerocystis taiwanensis + - - - - - - - - + - - - - - - - - 2 11.11 
Unidentified species #3 - + - - - - + - - - - - - - - - - - 2 11.11 
Unidentified species #10 - - - - + + - - - - - - - - - - - - 2 11.11 
Unidentified species #13 - - - - - + - - - - - + - - - - - - 2 11.11 
Unidentified species #14 - - - - - + + - - - - - - - - - - - 2 11.11 
Unidentified species #17 - - - - - - + + - - - - - - - - - - 2 11.11 
Unidentified species #18 - - - - - - + - + - - - - - - - - - 2 11.11 

Unidentified species #20 - - - - - - + - - - - - + - - - - - 2 11.11 
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Unidentified species #25 - - - - - - - + + - - - - - - - - - 2 11.11 

Unidentified species #27 - - - - - - - + + - - - - - - - - - 2 11.11 
Unidentified species #29 - - - - - - - - + - - - - - + - - - 2 11.11 
Unidentified species #30 - - - - - - - - + + - - - - - - - - 2 11.11 
Unidentified species #33 - - - - - - - - - + - - + - - - - - 2 11.11 
Unidentified species #35 - - - - - - - - - - + - - + - - - - 2 11.11 
Unidentified species #40 - - - - - - - - - - - - - + + - - - 2 11.11 
Unidentified species #42 - - - - - - - - - - - - - - - + - + 2 11.11 
Unidentified species #44 - - - - - - - - - - - - - - - - + + 2 11.11 

Acaulospora brasiliensis - - - - - - - - - - - + - - - - - - 1 5.56 
Acaulospora gerdemanii - - - - - - - - - - - + - - - - - - 1 5.56 
Acaulospora sp.1 + - - - - - - - - - - - - - - - - - 1 5.56 
Acaulospora sp.2 + - - - - - - - - - - - - - - - - - 1 5.56 
Acaulospora sp.6 - - - - + - - - - - - - - - - - - - 1 5.56 
Acaulospora sp.10 - - - - - - - - - - - - - - - - + - 1 5.56 
Archaeospora sp. - - - - - - - - - - - - + - - - - - 1 5.56 
Glomus albidum + - - - - - - - - - - - - - - - - - 1 5.56 

Glomus hoi - - - - - - - - - - - - + - - - - - 1 5.56 
Paraglomus albidum - - - - - - - - - + - - - - - - - - 1 5.56 
Rhizophagus clarus - - - - - - - - - - - - - - + - - - 1 5.56 
Sclerocystis pubescens - - - - - - - - - - - - - - + - - - 1 5.56 
Sclerocystis sinuosa - - - - - - - - - - - - + - - - - - 1 5.56 
Scutellospora arenicola - - - - - - - - - + - - - - - - - - 1 5.56 
Unidentified species #1 + - - - - - - - - - - - - - - - - - 1 5.56 
Unidentified species #2 + - - - - - - - - - - - - - - - - - 1 5.56 
Unidentified species #4 - + - - - - - - - - - - - - - - - - 1 5.56 

Unidentified species #6 - - + - - - - - - - - - - - - - - - 1 5.56 
Unidentified species #7 - - - + - - - - - - - - - - - - - - 1 5.56 
Unidentified species #8 - - - - + - - - - - - - - - - - - - 1 5.56 
Unidentified species #9 - - - - + - - - - - - - - - - - - - 1 5.56 
Unidentified species #11 - - - - + - - - - - - - - - - - - - 1 5.56 
Unidentified species #12 - - - - - + - - - - - - - - - - - - 1 5.56 
Unidentified species #15 - - - - - + - - - - - - - - - - - - 1 5.56 
Unidentified species #16 - - - - - - + - - - - - - - - - - - 1 5.56 

Unidentified species #19 - - - - - - + - - - - - - - - - - - 1 5.56 
Unidentified species #21 - - - - - - + - - - - - - - - - - - 1 5.56 
Unidentified species #22 - - - - - - + - - - - - - - - - - - 1 5.56 
Unidentified species #23 - - - - - - - + - - - - - - - - - - 1 5.56 
Unidentified species #24 - - - - - - - + - - - - - - - - - - 1 5.56 
Unidentified species #26 - - - - - - - + - - - - - - - - - - 1 5.56 
Unidentified species #28 - - - - - - - + - - - - - - - - - - 1 5.56 
Unidentified species #32 - - - - - - - - - + - - - - - - - - 1 5.56 

Unidentified species #34 - - - - - - - - - - + - - - - - - - 1 5.56 
Unidentified species #37 - - - - - - - - - - - - + - - - - - 1 5.56 
Unidentified species #38 - - - - - - - - - - - - - - + - - - 1 5.56 
Unidentified species #39 - - - - - - - - - - - - - - + - - - 1 5.56 
Unidentified species #41 - - - - - - - - - - - - - - + - - - 1 5.56 
Unidentified species #45 - - - - - - - - - - - - - - - - - + 1 5.56 
Unidentified species #46 - - - - - - - - - - - - - + - - - - 1 5.56 
Unidentified species #47 - - - - - - - - - - - - - + - - - - 1 5.56 

Unidentified species #48 - - - - - - - - - - - - - + - - - - 1 5.56 

Note: P: Points established in the trail where soil samples were collected (i.e., P1, P2, P3, P4, P5, P6); S: Soil subsamples taken from 
each point (i.e., S1, S2, S3); *TC: Total Collection; **FOC: Total frequency of occurrence (%): Number of presence in 18 
subsamples/Total number of subsamples (n=18); “+”: indicates presence; “-”: indicates absence 
 

 

 

Overall, in terms of the frequency of occurrence of 

plant species documented, point 3 was recorded to have the 

highest (n = 12), while Point 4 had the lowest (n = 2). S. 
macrophylla was seen to be the most prevalent plant 

species for the first three points in the sampling site. On the 

other hand, the last three points were dominated by grass. 

There were five different plant species across all points in 

the trail that could only be documented but not identified.  

Soil parameters, such as color and texture, within each 

point were also described. For points 1-3, the soil color 

observed was mainly light shades of gray and brown. 
Meanwhile, the soil in the latter points appeared to have 

darker brown tones to almost black. The soil texture among 

all points was observed to be dry. Only point 5 had a 

clayish texture, most likely as an attribute of the dried 

creek. 



DE ASIS et al. – Arbuscular mycorrhizal fungi diversity and population 

 

6701 

Discussion 

Overall species diversity in the trail 

The present study recorded a total of 114 AMF 

morphospecies in the rhizosphere soils of the UPV Nature 

Tail. They represent four orders, nine families, and 16 

genera. Of these, 48 had never been described previously 

and had no resemblance with any other AMF species to our 

knowledge. As this was the first survey of AMF species 

conducted in the region and only about 327 AMF species 

have thus far been described worldwide in the Phylum 
Glomeromycota (CICG 2022), the reported number of 

unidentified species is not surprising. Whereas, the number 

of documented morphospecies in this study is relatively 

higher than those previously reported in other areas of the 

country. For instance, Soriano et al. (2021) had described 

only 13 AMF morphospecies in a rust-afflicted Moluccan 

albizia (Falcataria moluccana) stand in Laguna.  

Out of the 2815 individual AMF spores recorded, the 

highest species richness (i.e., no. of species) was observed 

in Acaulospora and Glomus species, which represent the 

families Acaulosporaceae and Glomeraceae and the orders 
Diversisporales and Glomerales, respectively. A parallel 

result was reported by the earlier studies conducted in the 

Philippines (Aggangan et al. 2015; Soriano et al. 2021). 

The generally high abundance of these genera is associated 

with their tolerance to soil acidity (Tran et al. 2019), and 

ability for easy colonization (Shi et al. 2019), propagation, 

and habitat variability (Öpik et al. 2013). On the other 

hand, Paraglomus species were found rarest in the trail, 

similar to the findings of Rodríguez-Echeverría et al. 

(2017). This can be attributed to the fact that only two 

species in this genus, the only in the Paraglomeraceae 
family, have been discovered. 

Biodiversity calculations through the Shannon-Weiner 

diversity index (H), Pielou evenness index (J), and 

Simpson diversity index (D) all reveal that the rhizosphere 

soils on the UPV Nature Trail host a highly diverse AMF 

community, as expected in a tropical region (Marinho et al. 

2019). The Shannon-Weiner diversity index (H), which 

measures both species richness and evenness, ranges from 

0 to Hmax and is interpreted as the higher the value the 

more diverse the species are in the habitat. Hence, the 

index obtained in the study (H=3.6019) signifies a high 

diversity of AMF species in the area. Notedly, it is higher 
than the usual range of indices, which is 1.5-3.5 (Ortiz-

Burgos 2016) but is comparable to that of Shi et al. (2019), 

which reported a >2 diversity in two tropical forests of 

China. The Simpson diversity index calculated in the study 

(D=0.0420) also supports this result, as the values usually 

range from 0 to 1, with lower numbers indicating high 

diversity. In terms of the Pielou evenness index (J), with 

values ranging from 0 to 1 and 1 representing a community 

with perfect evenness, the overall value obtained in this 

study (J=0.7605) falls within the semi-balanced scale 

(Hussain et al. 2022). This suggests that each AMF species 
in the trail occurs in almost similar numbers.  

Comparison of AMF spatial distribution  

The recorded distribution of AMF morphospecies 

across the 18 rhizosphere subsamples of the six sampling 

points along the trail revealed that Scutellospora pellucida 

dominated the area with an 83.33% total frequency of 

occurrence (FOC). Meanwhile, several species recorded the 

lowest FOC of 5.56%, as they appeared in only one 

subsample. According to Pereira et al. (2014), the FOC 

may serve as a basis for delineating the adaptability of 

AMF species to different environmental and soil 

conditions. Similarly, Bonfim et al. (2016) proposed that 

dominance of AMF species in various environments 

indicates high plasticity and adaptability to various biotic 
and abiotic impacts. Therefore, S. pellucida, which was 

found in almost all subsamples (TC=15/18), along with 

other species present in all sampling points (Acaulospora 

denticulate, Acaulospora mellea, Acaulospora sp.4, 

Ambispora sp., Claroideoglomus etunicatum, Diversispora 

epigea, Glomus occultum, Glomus pallidum, Glomus sp.1, 

and Glomus sp.2), may be considered generalists or highly 

adaptable organisms. 

Among the six sampling points established within the 

UPV Nature Trail, higher AMF species richness and 

abundance were recorded in points 1-3, which represent the 
forested areas of the trail, in comparison to points 4-6 from 

the non-forested locations (i.e., grassland, dried creek, and 

glade). Furthermore, the same trend was observed in terms 

of the diversity indices, indicating that the AMF 

community in the rhizosphere soils within the forest areas 

is more diverse and even than that of the non-forested. As 

the fungal community assemblage is typically correlated 

positively to greater plant diversity, one can presume that 

the diversity of AMF species is significantly greater in the 

forested portions of the trail compared to its open areas or 

grasslands. However, despite the difference in numbers 
observed among the location types, there was surprisingly 

no significant difference among the mean diversity indices 

of all points. In other words, since the results for all three 

diversity indices (H, J, D) were fairly similar, thus the 

occurrence of AMF communities is generally diverse and 

abundant regardless of their inhabited ecosystem type or 

location. This finding, however, may only be applicable to 

the study area as extensive sampling and further research 

are required to generalize the results.  

Association of AMF and the local vegetation in the trail 

As observed, there was higher species richness, 

abundance, evenness, and diversity of AMF spore 
morphospecies documented from the rhizosphere soils 

collected from the forested areas of the trail compared to 

that of the non-forested areas. Interestingly, the species 

richness of plants within the study site was also observed to 

be higher in the forested areas than in the open locations 

(i.e., grassland, dried creek, and glade). This finding 

corroborates the presumed positive correlation between 

AMF and plant diversity (Hiiesalu et al. 2014; Xu et al. 

2016). The plant diversity hypothesis suggests that as the 

diversity of plants in an ecosystem increases, more soil 

microbial niches emerge, which increases the likelihood for 
soil microorganisms, such as AMF, to find a viable plant 

host (Ma et al. 2023). Similarly, the greater the diversity of 

AMF abundance and diversity, the more improved the 

ability of plants to absorb nutrients. As AMF facilitates 
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nutrient uptake, interspecific competition between plants is 

lowered, thereby enabling more species to coexist. Zhang 

et al. (2021) mentioned a previous comparative study 

wherein a higher AMF diversity and a significant reduction 

in phosphorus deficiency were recorded in macrocosms 

with a more diverse plant composition. These support the 

notion that plants and AMF foster mutual promotion. 

Surprisingly, however, a one-way ANOVA of the mean 

diversity indices reveals no significant difference in the 

diversity of AMF among the different points with different 
vegetation. Previous reports by Davison et al. (2015), Xu et 

al. (2017), and Ma et al. (2023) even showed that 

grasslands tend to have a higher AMF abundance and 

diversity, in contrast with the results of this study. 

According to Solís-Rodríguez et al. (2020), aside from 

vegetation, abiotic factors, such as the chemical properties 

of the soil at the time the samples were collected, also have 

a significant role in structuring AMF communities. Plant 

host-specificity may not always be the main contributor to 

AMF diversity (Melo et al. 2019; Xu et al. 2022).  

Tropical ecosystems, including the UPV Nature Trail, 
are recognized as conservation hotspots of AMF, as they 

harbor 75% of the currently identified Glomeromycotan 

species (Błaszkowski and Chwat 2013; Sieverding et al. 

2014; Marinho et al. 2018). Whether or not the relatively 

higher fungal diversity, abundance, and richness observed 

in forested areas were related to the relatively greater plant 

diversity remains unknown and must be further 

investigated. But in essence, several factors are considered 

to influence AMF distributions and diversity. This includes 

abiotic (e.g., soil physicochemical properties) and biotic 

(e.g., host plant) factors, and intrinsic properties of species 
(e.g., dispersal ability), as proposed by Chaudhary et al. 

(2018), and also species life histories (Solís-Rodríguez et 

al. 2020). 

In conclusion, a total of 2815 Glomeromycotan spores 

were documented in the rhizosphere of the Nature Trail 

inside the University of the Philippines Visayas Campus in 

Miagao, Iloilo, Philippines, of which 114 morphospecies 

from 16 genera, nine families, and four orders were 

identified. Biological indices revealed that the diversity of 

AMF morphospecies across all the points was relatively 

high but had no significant differences. This suggests that 

AMF can be abundant in both forested and non-forested 
areas. Generally, this indicates that endomycorrhizal fungi 

possess widespread distribution, plasticity, and high 

adaptability regardless of their habitat. This study provides 

baseline information for the indigenous AMF 

morphospecies in the UPV Nature Trail, Miagao, Iloilo, 

Philippines. Additionally, this can lay the initial 

groundwork for further studies and extended research on 

AMF communities in the region and the country. Such 

development can lead to a more established directory of 

identified AMF morphospecies and their possible 

implications for overall ecosystem health. 
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