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Abstract. Arbuscular mycorrhizal fungi are a group of fungi that can be symbiotic with many types
of plants. Soil factors and plant species, affect the diversity of arbuscular mycorrhizal fungi.
Likewise, differences in location and rhizosphere cause differences in the diversity of species and
populations of AMF. In addition, not all AMF have the same morphological and physiological
characteristics, therefore it is very important to know their identity. Coffee is a plant that has
economic value and the potential for symbiosis with AMF. This study aimed to identify AMF in the
rhizosphere of four varieties of Solok Radjo coffee plants in the Aia Cold area of the Gumanti
Valley, Solok, West Sumatra. Meanwhile, the stages of this research include: collecting and
collecting data in the field, determining the location of the soil sample, analyzing soil properties
in the laboratory, isolating AMF spores, and identifying AMF spores morphologically. The results
showed that the diversity of AMF spores was found in 3 genera, namely Glomus sp., Acaulospora
sp., and Gigaspora sp. The Kartika coffee variety has a higher AMF spore population than
Sigararutang, Andongsari and Gayo.

Keywords: mycorrhizae; production; quality; seedlings; solok radjo

1. Introduction

Microorganisms play a role in the balance of ecological dynamics in the soil (Tedersoo
et al., 2020). The interaction of microorganisms with plants will improve the balance of
ecosystems, plant productivity and biodiversity (Bagyaraj & Ashwin, 2017) Microorganisms that
play a major role in forming a symbiosis with plant attachment systems are arbuscular mycorrhizal
fungi (VVan der Heijden et al., 2015) Mycorrhizae are known as soil fungi because their habitat is
in the root area or rhizosphere. Nearly 82% of plant species can symbiotically with mycorrhizae
(Davison et al., 2015) The symbiosis of arbuscular mycorrhizal fungi with this plant has been
known for 400 million years ago (Selosse et al., 2015).

The symbiotic nature of the interaction between plant roots and arbuscular mycorrhizal
fungi is based on the exchange of nutrients (Balestrini et al., 2015) mycelium extraradical
mycorrhizae, which grow from roots in the soil, have access to nutrient minerals that are delivered
to the host plant in exchange for carbon (\VVan der Heijden et al., 2015) Nutrients are exchanged
across symbiosis between plants and fungi in the roots (Rich et al., 2017). Arbuscular mycorrhizal
fungi help increase the absorption of nutrients such as phosphorus and nitrogen (Johnson et al.,

2015).
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Various factors can affect the diversity of arbuscular mycorrhizal fungi. For example,
plantdiversity (Leeetal., 2013; Armansyah etal., 2018; Susila etal., 2022), soil fertility (Montiel
et al., 2016), and environmental changes (Hazard et al., 2013). Differences in plant varieties also
determine the diversity of arbuscular mycorrhizal fungi (Wagg et al., 2011; Johnson et al., 2015).
Arbuscular mycorrhizal fungi have different species diversity and populations in the rhizosphere
of plants that are not the same. This diversity is characterized by spore morphology that is not the
same, therefore it is very important to know its identity (Hartoyo et al., 2011; Trejo et al., 2013).

The people's coffee plantation in the Aia Cold area, Solok Radjo, has a fairly large area
of land. Research on the existence of indigenous AMF from the rhizosphere of coffee plants has
not been carried out. There is no information on the study of diversity, population and
morphological characteristics of AMF spores in the rhizosphere of coffee plants. This study aims
to determine the presence and number of spores and to determine the morphological characteristics
of AMF from the rhizosphere of several coffee plant varieties. This study will help to compare the
types of AMF spores at the Aia Cold Solok Radjo community plantation on different coffee

varieties.

2. Methods
The study used a field survey method. Sampling was done by Simple Random Sampling

(SRS). Soil samples were taken from the root areas of 4 coffee varieties, namely Sigararutang,
Andongsari, Gayo and Kartika located in Solok Radjo, Gumanti Valley Aia Cold, Solok, West
Sumatra with an altitude of + 1,458 meters above sea level.
2.1. Soil sampling

Soil samples were taken around the stems of coffee plants at a depth of 0-20 cm. The total
weight of the soil samples taken for each variety was one kilogram and dried in the air. A total of
10 g of soil from each sample was used for spore identification.
2.2. AMF spore isolation

Approximately 10 g of dry homogeneous soil samples were then extracted using a wet sieve
(Dandan & Zhiwei, 2007). The sample was mixed with 200 ml of water and then filtered using
multi-filters of 300 m, 106 m, and 45 m. The distillate sample was put into a centrifuge tube and
60% glucose was added, then centrifuged at 2500 rpm for 3 minutes. The results of the
centrifugation solution were poured into multilevel sieves (300 m, 106 m and 45 m) which had
been filtered and then rinsed with water. The supernatant solution remaining in this filter is then

put into a 150 ml beaker.
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2.3. ldentification of AMF spores

Identification of root colonization, using root staining method. Fresh root samples measuring
0.5 — 2.0 mm were taken randomly. Root samples were washed and cleaned, then soaked in 10%
KOH for 24 hours, then followed by immersion with 1% HCI for 10 minutes. After that, the root
samples were soaked in lactoglycerol trypan blue for 1 hour. The stained root samples were then
randomly selected and cut into 10 pieces with a length of approximately 1 cm. All root pieces were
arranged on a glass object, then covered with a cover slip. The stained root samples were then

observed using a binocular microscope with a magnification of 100 x.

3. Results and Discussion
3.1. Soil Sampling Location
Soil samples were taken from the coffee plantation area of Solok Radjo, Gumanti Aia Cold
Valley, Solok, West Sumatra (Figure 1), with an altitude of £ 1,458 meters above sea level. Soil
samples were taken based on different varieties. namely Sigararutang, Andongsari, Gayo and
Kartika
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Figure 1. Map of soil sampling locations for 4 coffee varieties in Solok Radjo, Lembah Gumanti
(Kementerian Pekerjaan Umum. 2013)

3.2. Number of Arbuscular Mycorrhizal Fungi Spores

Spores are part of fungi, which is an indicator of the presence of AMF in the plant
rhizosphere. The development of the spore population is largely determined by the type of plant.
Different varieties affect the type and population of AMF spores. The results of observations of
the number of AMF spores on coffee plants in Solok Radjo showed that the number was not the
same as in Table 1. The Kartika variety had the highest number of spores compared to the Gayo,
Andongsari, and Sigararutang varieties. The highest number of spores in Kartika coffee also
showed the highest colonization of 86.53% (Figure 2). The spores found in all coffee varieties

were Glomus, Acaulospora and Gigaspora.
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According to the type of AMF spores, there will be different types and numbers in plants,
one of which is caused by variety and genetics (Lee et al. 2013) (12) Plant types also affect AMF
diversity (Armansyah et al., 2018; Susila et al 2022). Coffee varieties will determine AMF
diversity in the rhizosphere. Different varieties will produce different exudates. The composition
of root exudates will determine the structure and composition of microorganisms in the
rhizosphere (Cesco et al., 2012).

Table 1. Arbuscular mycorrhizal fungal spore density in four coffee varieties with various filter
sizes

Number of Spores Per Sieve Size (Um)

Coffee Varieties 300 106 45 Amount
Sigararutang 39 112 68 219
Andongsari 57 93 38 188
Gayo 76 126 48 250
Kartika 88 181 59 328

3.3. Arbuscular Mycorrhizal Fungi Colonization Percentage on Coffee Plant Roots

The percentage of total mycorrhizal colonization and the mycorrhizal structure associated
with root colonization was determined by the presence of arbuscular, internal hyphae, and vesicles
in the plant root tissue. The percentage of plant root colonies by AMF is often an indicator of the
level of compatibility between plants and fungi. Colonization of the roots of coffee plants indicates
that in general, the Sigararutang, Andongsari, Gayo and Kartika coffee varieties have a high to
very high suitability or level of suitability. This can be seen from the percentage of colonization,

all of which were above 50% as shown in Figure 2.
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Figure 2. Percentage of Arbuscula Mycorrhizal Fungi colonies on four coffee varieties
Andongsari. Kartika. Gayo and Sigararutang.

The Kartika variety showed the highest percentage of root colonization compared to the
Gayo, Andongsari, and Sigararutang varieties. These results were positively correlated with the
number of spores found in the rhizosphere of the Kartika variety (Table 1). Where in this variety
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the number of spores is the most compared to other varieties. This shows that the Kartika variety
has a better level of compatibility with AMF species compared to other varieties.

Plant root colonization with AMF is different for each plant type (Horn et al., 2017).
Colonization is influenced by plant root exudates. The qualitative and quantitative composition of
root exudates is determined by plant species, and plant age (Neumann et al., 2014; Marin et al.,
2017). Root exudates can represent a mechanistic relationship between plant community
composition and the composition and function of soil microbial communities. Increased plant
diversity leads to an increase in soil microbial biomass and diversity (Lange et al., 2015).

Coffee plants colonized with AMF through root staining were found to have internal
hyphae, vesicular and arbuscular hyphae. However, not all coffee plant roots were colonized by
AMF as shown in Figure 3.
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Figure 3. The structure of the roots of the coffee plant. where I. roots colonized by AMF were

characterized by a) internal hyphae, b) vesicular and c) arbuscular. Il. Roots not colonized by
AMF.

According to Luginbuehl et al., (2017), colonized plants begin with the formation of an
appressorium on the root surface by external hyphae derived from germinating spores. Brundrett
& Tedersoo, (2018) stated that the appressorium enters the root through the inter-epidermal gap,
then forms intracellular hyphae along the root epidermis and after this process vesicles and
arbuscular structures are formed. AMF in root tissue will form intracellular coils and branching
hyphae.

3.4. Arbuscular Mycorrhizal Fungi Spore Morphology

Identification of spore morphology steps to determine the type of AMF that develops in the
rhizosphere of coffee plants. In the rhizosphere of 4 varieties of coffee plants, various colors,
shapes and sizes of AMF spores were found. These results indicate that the spores that develop in
the rhizosphere of coffee plants are quite diverse.

The original AMF spore species found in 4 coffee varieties were 5 species. This species is
grouped into 3 genera, namely Glomus, Acaulospora, and Gigaspora. Glomus consists of 2 species,

namely Glomus sp 1 and Glomus sp 2. Acaulospora consists of 2 species, namely Acaulospora sp
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1 and Acaulospora sp 2. While Gigaspora is only 1 species. These findings indicate that each
rhizosphere of Indigenous AMF coffee plants is not the same.

Glomus sp spores were found to be round to oval in shape, the color of the spores ranged
from brown to reddish brown and glossy black and the spore walls were smooth. According to
Invam (2020), AMF spores of the genus glomus are characterized by a round to oval shape, the
spore wall consists of more than one layer, smooth. The color of the Glomus genus spores varies
from brownish yellow, reddish brown, and light brown, to dark brown and black.

Acaulospora sp spores found in the rhizosphere of coffee plants have a globus, sub-globose,
spherical shape. The spore wall consists of 2 layers where the innermost spore wall is equipped
with a germination ball (Figure 4). According to Invam, 2020). Acaulospora spores are generally

round and elliptical. The color of the spores varies from yellow, orange, brownish, and dark red to

brownish red-orange and pale yellow. The spore wall consists of 2 layers.

®

Glomus sp 1 Glomussp2  Acaulosporaspl Acaulosporaspl Gigaspora sp

Figure 4. Different Types of Glomus sp Derived from Several Rhizosphere of Coffee Plants.

Gigaspora sp spores found in the rhizosphere have round and bulbous. Spores are round
and slightly rounded. The color of the spores is yellow, reddish brown to black. It has a smooth
single layered spore wall, without ornamentation. The spores are relatively large. The genus
Gigaspora has the characteristics of; a single spore in the soil, round or sub-round; yellow,
brownish yellow, to blackish, slimy white, and golden yellow. Invam, (2020) explained that
Gigaspora spores contain a fluid like oil, do not have ornaments, hyphae form spherical suspensors
or round hyphae holders, and spores grow at the end of the suspensory "bulb™ (hyphae bulge like
small spores) germ tube emerges directly from the spore wall.

4. Conclusions

The conclusion of the research that has been done is as follows. The original AMF spore
population in the rhizosphere of 4 coffee plant varieties was quite high. The highest spore
population was found in Kartika variety, followed by Gayo, Sigararutang and Andongsari
varieties. The exploration of the morphology of Indigenous AMF in the rhizosphere of 4 varieties

of AMF coffee plants found three genera, namely Glomus sp, Acaulospora sp and Gigaspora sp.

Armansyah et al. 95
JAAST 6(2): 90-97 (2022)



Acknowledgement
We thank the PNBP Fund Manager of the Faculty of agriculture Andalas University who
has financed this research, by the Research Contract Number: 01/PL/SPK/PNP/FAPERTA-
Unand/2021 the Fiscal Year 2021.

References

Armansyah, Anwar, A., Syarif, A., & Febriamansyah, R. (2018). Eksploration and Identifications
of the Indigenous Arbuscular Mycorrhizal Fungi (AMF) in the Rhizosphere of Citronella
(Andropogon nardus L.) in the Dry Lands Regions in West Sumatra Province, Indonesia.
Journal on Advanced Science Engineering Information Technology, 8(1), 85-
92. http://doi.org/10.18517/ijaseit.8.1.2363

Bagyaraj, D. J., & Ashwin, R. (2017). Can mycorrhizal fungi influence plant diversity and
production in an ecosystem. Microbes for restoration of degraded ecosystems. NIPA, New
Delhi, 1-7. https://www.researchgate.net/profile/Ashwin-Revanna/publication/305688897

Balestrini, R., Lumini, E., Borriello, R., Bianciotto, V., (2015). Plant-soil biota interactions. In:
Paul, E.A. (Ed.), Soil Microbiology, Ecology and Biochemistry, 4th edn. Academic Press,
Elsevier, London/San Diego/Oxford. https://doi.org/10.1016/j.apsoil.2017.09.001

Brundrett, L. Tedersoo, (2018). Evolutionary history of mycorrhizal symbioses and global host
plant diversity. New Phytol. 220, 1108-1115. http://doi.org/10.1111/nph.14976; pmid:
29355963.

Cesco S., T. Mimmo, G. Tonon, N. Tomasi, R.Pinton, R. Terzano, G. Neumann, L.
Weisskopf, G. Renella, L.Landi & P. Nannipieri (2012). Plant-borne flavonoids released
into the rhizosphere: impact on soil bio-activities related to plant nutrition. A review. Biology
and Fertility of Soils, 48, 123-149. https://doi.org/10.1007/s00374-011-0653-2

Dandan, Z. & Zhiwei, Z. (2007). Biodiversity of Arbuscular Mycorrhizal Fungi in the Hot-Dry

Valley of the Jinsha River, Southwest China. Applied Soil Ecology. 37, 118-128.
https://doi.org/10.1016/j.apsoil.2007.06.003

Davison, J., Moora, M., Opik, M., Adholeya, A., Ainsaar, L., B, A., & Zobel, M. (2015). Global
assessment of arbuscular mycorrhizal fungus diversity reveals very low endemism. Science.
349, 970-973. https://doi.org/ 10.1126/science.aab1161

Hartoyo, B., M. Ghulamahdi, L. K. Darusman, S. A. Aziz, & |. Mansur.(2011). Keanekaragaman
Fungi Mikoriza Arbuskula (FMA) pada Rizosfer Tanaman Pegagan (Centella asiatica L)
Urban. Jurnal Littri, 17 (1), 32-40. http://dx.doi.org/10.21082/jlittri.v17n1.2011.32-40

Hazard, C., Gosling, P., Van Der Gast, C. J., Mitchell, D. T., Doohan, F. M., & Bending, G. D.
(2013). The role of local environment and geographical distance in determining community
composition of arbuscular mycorrhizal fungi at the landscape scale. ISME Journal, 7(3),
498-508. https://doi.org/10.1038/ismej.2012.127

Horn S, Hempel S, Verbruggen E, Rillig MC, Caruso T. (2017). Linking the community structure
of arbuscular mycorrhizal fungi and plants: a story of interdependence. ISME Journal 11(6),
1400-1411. https://doi.org/10.1038/ismej.2017.5

Invam. (2020). International Culture Collection of (Vesicular) Arbuscular Mycorrhizal Fungi.
Retrieved from http://fungi.invam.wvu.edu/the-fungi/species.descriptions.html.

Johnson, N. C., Wilson, G. W., Wilson, J. A., Miller, R. M., & Bowker, M. A.(2015). Mycorrhizal
phenotypes and the Law of the Minimum. New Phythol., 205(4), 1473-1484.
https://doi.org/10.1111/nph.13172

Kementerian Pekerjaan Umum.(2013). Perencanaan bangunan dan lingkungan kawasan lahan

panjang, kabupaten Solok, Sumatera Barat. 254 halaman
Armansyah et al. 96
JAAST 6(2): 90-97 (2022)


http://dx.doi.org/10.18517/ijaseit.8.1.2363
https://www.researchgate.net/profile/Ashwin-Revanna/publication/305688897
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0050
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0050
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0050
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0050
https://doi.org/10.1016/j.apsoil.2017.09.001
http://doi.org/10.1111/nph.14976;%20pmid:%2029355963.
http://doi.org/10.1111/nph.14976;%20pmid:%2029355963.
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-S_-Cesco
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-T_-Mimmo
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-G_-Tonon
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-N_-Tomasi
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-R_-Pinton
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-R_-Terzano
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-G_-Neumann
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-L_-Weisskopf
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-L_-Weisskopf
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-G_-Renella
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-L_-Landi
https://link.springer.com/article/10.1007/s00374-011-0653-2#auth-P_-Nannipieri
https://link.springer.com/journal/374
https://link.springer.com/journal/374
https://doi.org/10.1007/s00374-011-0653-2
https://doi.org/10.1016/j.apsoil.2007.06.003
https://doi.org/10.1126/science.aab1161
http://dx.doi.org/10.21082/jlittri.v17n1.2011.32-4
https://doi.org/10.1038/ismej.2012.127
https://doi.org/10.1038/ismej.2017.5
http://fungi.invam.wvu.edu/the-fungi/species.descriptions.html
https://doi.org/10.1111/nph.13172

https://sippa.ciptakarya.pu.go.id/sippa_online/ws_file/dokumen_usulan/rtbl/3393 RTBL-
1303_f9eff8.pdf

Lange, M., Eisenhauer, N., Sierra, C. A., Bessler, H., Engels, C., Griffiths, R. I., ... & Gleixner, G.
(2015). Plant diversity increases soil microbial activity and soil carbon storage. Nature
Communications, 6, 1-8. https://doi.org/10.1038/ncomms7707

Lee, E. H., Eo, J. K., Ka, K. H., & Eom, A. H. (2013). Diversity of Arbuscular Mycorrhizal Fungi
and Their Roles in Ecosystems. Mycobiology, 41(3), 121
125. http://doi.org/10.5941/myco0.2013.41.3.121.

Luginbuehl, L. H. & Oldroyd, G. E. (2017). Understanding the arbuscule at the heart of
endomycorrhizal  symbioses in  plants. Curr. Biol. 27(17), R952-R963.
http://doi.org/10.1016/j.cub.2017.06.042

Marin, C., Aguilera, P., Oehl, F., & Godoy, R. (2017). Factors affecting arbuscular mycorrhizal
fungi of Chilean temperate rainforests. Journal of Soil Science and Plant Nutrition, 17(4),
966-984. http://doi.org/10.4067/s0718-95162017000400010.

Montiel-Rozas, M. D. M., Lopez-Garcia, A., Kjgller, R., Madejon, E., & Rosendahl, S. (2016).
Organic amendments increase phylogenetic diversity of arbuscular mycorrhizal fungi in acid
soil  contaminated by  trace  elements. Mycorrhiza, 26(6),  575-585.
https://doi.org/10.1007/s00572-016-0694-3

Neumann, G., Bott, S., Ohler, M. A., Mock, H.-P., Lippmann, R., Grosch, R., & Smalla, K. (2014).
Root exudation and root development of lettuce (Lactuca sativa L. cv. Tizian) as affected by
different soils. Frontiers in Microbiology, 5, 2. https://doi.org/10.3389/fmicb.2014.0000

Rich, M. K., Nouri, E., Courty, P. E., & Reinhardt, D. (2017). Diet of arbuscular mycorrhizal
fungi: bread and butter? Trends Plant Sci. 22(8), 652-660.
https://doi.org/10.1016/j.tplants.2017.05.008

Selosse, M. A., Strullu-Derrien, C., Martin, F. M., Kamoun, S., & Kenrick, P. (2015). Plants, Fungi
and Oomycetes: a 400-Million Years Affair that Shapes the Biosphere. New Phytol. 206,
501-506. http://doi.org/10.1111/nph.13371.

Susila, E., Chan, S. R. O. S., Achmad, B. S., & Maulina, F. (2022). Exploration and morphology
identification of spores asbuscular mycorrhizal fungi from horticultural plantation. Journal
of  Applied  Agricultural  Science and  Technology 6 (1), 20-30.
https://doi.org/10.55043/jaast.v6il.31.

Tedersoo, L., Bahram, M., & Zobel, M. (2020). How mycorrhizal associations drive plant
population and community biology. Science, 367(6480),
eabal223. http://doi.org/10.1126/science.abal223.

Trejo A, D., Lara C, L., Maldonado M I. E., Zulueta R, R., Sangabriel C, W., Mancera L, M. E.,
& Barois, 1. (2013). Loss of arbuscular mycorrhizal fungal diversity in trap cultures during
long-term subculturing. IMA Fungus, 4(2), 161-
167. http://doi.org/10.5598/imafungus.2013.04.02.

Van der Heijden, M. G., Martin, F. M., Selosse, M. A., & Sanders, I. R., (2015). Mycorrhizal
ecology and evolution: the past the present, and the future. New Phytol, 205(4), 1406-1423.
https://doi.org/10.1111/nph.13288

Van der Heijden, M. G., & Walder, F. (2016). Reply to ‘Misconceptions on the application of
biological market theory to the mycorrhizal symbiosis’. Nature Plants, 2(5), 1-1.
https://doi.org/10.1038/nplants.2016.62

Wagg, C., Jansa, J., Stadler, M., Schmid, B., & Van Der Heijden, M. G. (2011). Mycorrhizal fungal
identity and diversity relaxes plant-plant competition. Ecology, 92(6), 1303-
1313. http://doi.org/10.1890/10-1915.1

Armansyah et al. 97
JAAST 6(2): 90-97 (2022)


https://sippa.ciptakarya.pu.go.id/sippa_online/ws_file/dokumen_usulan/rtbl/3393_RTBL-1303_f9eff8.pdf
https://sippa.ciptakarya.pu.go.id/sippa_online/ws_file/dokumen_usulan/rtbl/3393_RTBL-1303_f9eff8.pdf
https://doi.org/10.1038/ncomms7707
http://doi.org/10.5941/myco.2013.41.3.121.
http://doi.org/10.1016/j.cub.2017.06.042
http://doi.org/10.4067/s0718-95162017000400010.
https://doi.org/10.1007/s00572-016-0694-3
https://doi.org/10.3389/fmicb.2014.00002
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0415
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0415
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0415
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0415
http://refhub.elsevier.com/S0929-1393(16)30591-1/sbref0415
https://doi.org/10.1016/j.tplants.2017.05.008
http://doi.org/10.1111/nph.13371
https://doi.org/10.55043/jaast.v6i1.31
http://doi.org/10.1126/science.aba1223.
http://doi.org/10.5598/imafungus.2013.04.02.
https://doi.org/10.1111/nph.13288
https://doi.org/10.1038/nplants.2016.62
https://doi.org/10.1890/10-1915.1

	2.1. Soil sampling
	2.2. AMF spore isolation

