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Abstract. Sefrila M, Ghulamahdi M, Purwono Melati M, Mansur I. 2021. Diversity and abundance of arbuscular fungi mycorrhizal
(AMF) in rhizosphere Zea mays in tidal swamp. Biodiversitas 22: 5071-5076. This study aims to find out the diversity and dominance of
AMF spores and look at the morphology of fungi mycorrhizal arbuscular fungi that exist in the rooting area of corn (Zea mays L.) crops
in the tidal swamp. The study was conducted in September 2020. Soil sampling at the tidal swamp village of Mulyasari Tanjung Lago
District, Banyuasin, South Sumatra, Indonesia randomly sampling the corn root zone method. The research stages are soil sampling, soil
chemistry analysis, AMF isolation and trapping, and morphological identification of AMF spores. The results showed the number of
spores found in soil samples in the corn crop rhizosphere before trapping was less when compared to after trapping. The spores' shape is
round, oblong, and oval, with colors ranging from clear, yellow, to brown. AMF spores found come from 2 genera namely (Acaulospora
scrobiculata, Acaulospora bireticulata, Acaulospora mellea, Acaulospora laevis) and Glomus (Glomus monosporum, Glomus

constrictum, Glomus manihotis).
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INTRODUCTION

Fungi mycorrhizal arbuscular is a Zygomycota
mushroom of the endomycorrhiza type with a symbiotic
relationship of mutualism with high levels of plant rooting.
The plant supplies lipids and sugars to fungi, carbon
sources for metabolic processes (Zhang et al. 2018). The
existence of AMF in maintaining the stability of
ecosystems naturally also in addition to being able to
function as biofertilizers, bio-protection, and soil
bioregulation, AMF acts as bio-fortification and
phytoremediation, especially inland with high heavy metal
content such as Cu, Fe, Zn, Co, and Mn (Ferrol et al. 2016).
Mycorrhizal can be found in any land, including sub-
optimal land such as tidal land. The chemical constraints of
tidal soils are the high pyrite content and soil salinity, and
low soil fertility (Auditha et al. 2019).

Mulyasari Tanjung lago village is one of the
transmigration areas in Banyuasin Regency of South
Sumatra, Indonesia which is located in the tidal swamp
(Septinar and Putri 2018). The tidal swamp is a sub-optimal
land that is less productive but has the potential for the
wide availability of land to be developed as agricultural
land. AMF has excellent potential to recover less fertile
land, where specific land conditions cause only a few types
of commodities that can grow and provide optimal results.
Crops can also develop in tidal swamps, including rice,

corn, soybeans, green beans, peanuts, and sweet potatoes.
AMF inoculant of corn (Zea mays L.) rhizosphere in
saturated soil culture can increase nutrient uptake of P by
plant, P levels of plants, the relative efficiency of inoculant,
number of filling pods, and weight of soybean seeds
Tanggamus varieties (Muis et al. 2016). AMF colonization,
in general, shows positive results in crop production,
mainly because AMF can provide the nutrients needed by
host plants (Berruti et al. 2016).

AMF, in general, does not have a unique host plant and
can be found in almost all types of soil; therefore, the
number and variety are very diverse. Plant characteristics
and environmental factors such as temperature, soil pH,
soil moisture, phosphorous content, and nitrogen also affect
the presence of AMF. So that each ecosystem can contain
AMF of the same or different type because the diversity
and spread of AMF vary greatly due to changing
environmental conditions. The amount of AMF spores on
minimum soil is less when compared to the land processed
intensively; the addition of chemical fertilizers will also
affect the number of AMF spores (Sari et al. 2017). The
abundance and diversity of AMF in 10 cornfields in
northeast China found four ordo, nine families, and 12
genera. The quantity and variety of AMF are influenced by
environmental factors, including soil organic C, N, P, and
pH (Zhu et al. 2020).
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The density, diversity, and spread of mycorrhizal vary
widely, and this is due to different environmental factors in
each place. Each mycorrhizal has other morphological
properties because it is necessary to isolate to find out the
type of AMF in the corn rhizosphere in a tidal land swamp.
Each AMF can help promote plant growth and
development, so the selection of AMF isolates suitable for
the plant to be cultivated needs to be done. Efforts that can
be made to obtain isolates from a particular ecosystem can
be by conducting AMF exploration, identification of
isolates from the field, and with AMF capture (Trapping).
Taxonomic identification of AMF can be made
traditionally based on the morphology of the spores; in
addition, it can also make molecular identification of AMF
by using ADN sequence data to find out the evolutionary
relationships of AMF. Molecular identification of AMF can
be made ADN sequence data has been successfully used to
study the evolutionary relationships of AMF. Still, this
method requires considerable expertise and a reasonably
expensive cost, one of which is by biotyping MALDI TOF-
MS (Crossay et al. 2017).

This research aims to find out the number and diversity
of AMF found in rhizosphere corn crops in the tidal swamp
village of Mulyasari Tanjung Lago Banyuasin Regency of
South Sumatra, Indonesia to provide information about the
density and type of AMF in the rhizosphere of corn crops
on tidal swamp Mulyasari Tanjung Lago Village
Banyuasin Regency of South Sumatra, Indonesia.

MATERIALS AND METHODS

From September 2020 to March 2021, the study was
conducted soil sampling at the tidal swamp village of
Mulyasari Tanjung logo, Banyuasin Regency, South
Sumatra, Indonesia which was planted with corn varieties
Pioneer 27 aged 60 days after planting. Trapping AMF is
carried out in greenhouse F SOEMEO BIOTROP. In
contrast, analysis of the type and number of AMF spores is
carried out in the biosystem and landscape management
laboratory of SEOMEO BIOTROP. The tools used are soil
scopes, plastic bags, label paper, analytical scales, 425 pm
graded sieves, 212 pm, 106 pm and 63 um, plastic cups,
Petri cups, measuring cups, stirrers, plastic pipettes, 50 mL
pot tubes, filter paper, binocular microscopes, toothpicks,
spray gourds, centrifuge, 10 cm diameter plastic black pots
and plastic funnels. The materials used are soil samples
from the rhizosphere of the corn crop Pioneer variety 27 at
tidal swamps, corn sprouts Pionier varieties 27 age 14 dap,
aquades, glucose 60%, polyvinyl alcohol-lactic acid-
glycerol (PVLG).

Soil sampling

Soil sampling is done at tidal breeds that have been
planted with corn (Zea mays L.). The method used is the
sampling method by taking 20 points around the corn root
zone as much as 25 g, with a depth of 0-20 cm and a
diameter of 20 cm, then the soil of the rhizosphere of each
plant is put in a plastic bag and labeled. The ground
example for nutrient analysis is a composite of 10 sampling

BIODIVERSITAS 22 (11): 5071- 5076, November 2021

points with a weight of 500 g each at a depth of 0 - 30 cm
and put in a plastic bag. The sample soil will conduct the
soil analysis in the Laboratory of the Department of Soil
Science and Land Resources of the Faculty of Agriculture
IPB, Bogor, Indonesia.

Isolation and AMF trapping

Isolation of AMF spores from soil samples is done by
the wet strain pour method (Gerdemann and Nicolson
1963) and continued with a centrifuge (Brundrett et al.
1996). The AMF isolation process begins with a hardened
soil sample, and then the soil is weighed as much as 10 g of
25 g of a soil sample, added 150 mL aquades, then stirred
for 10 minutes until the soil grains are destroyed stand for 5
minutes. Soil samples that have been added aquades are
further filtered using a multilevel sieve (425 pm, 212 pm,
106 pum, and 63 pm respectively from top to bottom).
Spores left behind in filters of 212 pm, 106 pum and 63 um
are transferred into the test tube, respectively. Next added
equates as much as 50 mL and glucose 60% (w/v), then in
a centrifuge at a speed of 3000 rpm for 5 minutes. The
centrifuge process will produce a layer in the middle of the
tube between the layer of water and glucose, a collection of
particles containing AMF spores. The coating is then taken
and poured in a 63 um sieve, rinsed with running water to
remove glucose. The remaining deposits in the sieve are
poured into a petri dish and then viewed under a binocular
microscope with a magnification of 100-400x. Trapping
techniques used follow the method Brundrett et al. (1996)
by using a culture pot with a diameter of 10 cm. Planting
media used in the form of soil samples as much as 50 g and
zeolite rocks with a size of 1mm as much as 150 g.
Previously used zeolite sterilized by washing first until the
water is clear, soaked in boiling water, and then dried. The
technique of filling the planting media in a culture pot is a
culture pot filled with 100 g zeolite, then inserted soil from
tidal land as much as 50 g and lastly covered with zeolite as
much as 50 g, so that the planting media is composed of
zeolite-examples of soil-zeolite (Figure 1), corn is planted
in each culture pot.

Zeolit50g
soil50g

Zeolit 100 g

Figure 1. Zeolite media arrangement on pot trapping
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Culture pot distribution includes watering, fertilizing,
and pest control manually. Fertilization using compound
fertilizer (20-15-15) with a concentration of 1 g per liter of
water is given once every week as much as 50 mL per pot
of culture. After the plant is 90 days old, harvesting is
done. The observed plagues are the density of AMF spores
and the physical and chemical properties of the soil in soil
samples. The thickness of spores is the number of spores
per unit of soil weight (Koske 1987). The number of spores
can be calculated by first extracting the spores, and then the
extraction results are observed under a binocular
microscope. The number of AMF calculated by hand tally
counter is then observed also the color, shape, and size of
FMA spores. Morphological identification of AMF spores
is carried out up to the genus level about the criteria
proposed by INVAM and some journal literature from the
International Mycological Association (IMA) (Oehl et al.
2011). Data analysis is done using descriptive analysis
through data tabulation.

RESULTS AND DISCUSSIONS

Soil isolation conducted on 20 soil samples taken from
the corn crop rhizosphere at tidal swamp and downs in the
exact location was obtained by several types of AMF
spores. The number of AMF spores before trapping is less
when compared to the number of spores after trapping in
the same host plant, although the number of AMF spores
found after trapping is still relatively low (Figure 2). The
number of AMF spores from rhizosphere onion and chili
plants in Siberia village ranges from 319-344 spores per 10
g of soil. Soils have a high AMF spore population; what if
the density of the spores is 200 per 10 g of soil distribution
and the number of AMF spores is primarily determined by
the environmental conditions, physical and chemical
properties of the soil (Sukmawaty et al. 2016). The
population number and diversity of AMF types are very
diverse. They are influenced by plant characteristics and
environmental factors, including soil pH, soil moisture,
phosphorus, and nitrogen content, and heavy metal
concentrations. The density of spores is in the range of
4.38-76.38 spores per g of soil. In total, 35 species of
arbuscular mycorrhizal fungi from 10 genera have been
identified. Glomus and Acaulospora are the dominant
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genera found at the root of tree plants in China's forests.
Colonization of the highest arbuscular mycorrhizal fungi is
found in the roots of Carya illinoensis (Wangenh.) K.
Koch, Zelkova serrata (Thunb.) Makinoz, Taxodium
‘zhongshansha’, Eucommia ulmoides Oliv., and Elaeagnus
pungens Thunb., from 62.07% to 100% (Wang et al. 2019).
The number of spores in Brachiaria precumbens
rhizosphere is 8-25 per 10 g soil sample and increases to an
average of 49.6 spores per 10 g soil sample by trapping
method (Suharno et al. 2017).

AMF spores found in the rhizosphere of corn plants
have different spore shapes and colors (Table 1). AMF
spores are grouped by color, body, and size obtained by
two types of AMF genus before and after trapping, namely
Acaulospora and Glomus. Types of AMF spores of the
genus Acaulospora are Acaulospora scrobiculata Trappe,
Acaulospora bireticulata F.M.Rothwell &  Trappe,
Acaulospora mellea Spain & N.C.Schenck, and
Acaulospora laevis Gerd. & Trappe, while from the genus
Glomus namely Glomus monosporum Gerd. & Trappe,
Glomus  constrictum  Trappe, Glomus manihotis
R.H.Howeler, Sieverd. & N.C.Schenck (Figure 3).

The genus Acaulospora has the characteristics of spore
walls consisting of 2-3 relatively thick layers, the color of
the spores there is yellow to brownish with the shape of
spores found round and oblong. The type of spores found
from the Acaulospora tribal group is A. scrobiculata, which
has a precise yellowish round shape with spores ranging
from 80-160 pm. Inoculation AMF Acaulospora sp. and
compost 15% produces the highest biomass on teak
seedlings in the soil media of former limestone mines
(Prayudyaningsih and Sari 2016). The original
Acaulospora also accelerated the adaptation process of
Canavalia ensiformis inland with  high  nickel
concentrations and was able to increase the number of
lateral roots by 20.07-28.83% with a percentage of infected
roots of 20.59-95.24%; root length 11.26-31.76%; root
volume 20.51%; dry root weight 5.73-16.77%, and root-
bud ratio 3.44-30.18% (Akib et al. 2018). Acaulospora
scrobiculata has spores round to somewhat round, light
yellow to blackish yellow with relatively thick spore walls
(Hasyiati et al. 2018). Acaulospora bireticulata has a
yellowish brown color with a round to oval shape, a spore
diameter of 29 pm and a spore wall consisting of 3 layers
(Chliyeh et al. 2016).
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Glomus 5,5 7

Figure 2. Types and abundance of AMF spores before trapping and after trapping on maize rhizosphere
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Figure 3. Several AMF spores found in the rhizosphere of corn plants in tidal land: A. Glomus constrictum; B. Acaulospora bireticulata;
C, E, 1. Glomus manihotis; D. Acaulospora scrobiculata; F. Acaulospora mellea; G. Glomus monosporum; H. Acaulospora laevis

The genus Glomus has a round-shaped feature, with
some spore walls consisting of more than one layer. The
color of the spores of the genus Glomus is clear, yellow,
and brownish-yellow. Glomeraceae consists of G.
constrictum, G. monosporum and G. manihotis. The genus
Glomus belongs to the tribe Glomeraceae, wherein the
rhizosphere cashews the most dominant group of AMF
spores found is from the Glomus group compared to the
AMF spores of the Racocetra, Entrophospora, Septoglomus,
and Acaulospora groups. Electrophoresis results showed
that the AMF ADN band reacted positively to the specific
primary NS31 and AML2 with a band size of 560bp, a
fragmental measure for the Glomeromycota gene (Suada et
al. 2018). Ambispora gerdemannii is a type of AMF of the
phylum Glomeromycota, found in untreated vineyards with
a limited amount of abundance (Oehl and Koch 2018).
AMF spores are also found in many lowland rainforests
that are always green, dry forests, and mountain forests
(Marinho et al. 2018). Glomus spore development is from
the end of hyphae that enlarges to the maximum size,
forming spores (chlamydospores). Spores of the genus
Glomus are derived from hyphae development so that
hyphae will branch so that the spores can be found in a
single form or loose aggregate (Hasyiati et al. 2018). The
density of spores in the rhizosphere Retama raetam in
Tunisia dominates the genus Glomus. There is a positive
correlation between the phylogenetics of AMF, the
chemical properties of the soil, and the rich diversity of
AMF types (Mosbah et al. 2018).

The presence of this type of AMF is also determined by
the season and age of the host plant; under unfavorable
conditions will usually only be found in the form of spores,
but after the situation returns to normal then the spores will

germinate, which begins with the process of infection of
the roots of the host plant. The abundance of AMF spores
found in each rhizosphere of the host plant varies; this is
due to many influencing factors such as nutrient content,
pH, total P content, C-organic, and water content. The
highest number of spore fungi, mycorrhizal arbuscular, are
found in soil values, pH, total p, and low organic C
(Yusriadi et al. 2018).

The results of the analysis of the physical and chemical
properties of soil are factors that can affect the
development and density of the number of AMF spores
(Table 2). Based on the soil analysis results, the pH H;O
sample is relatively low, which is 3.78 or very sour so that
it will affect the amount of AMF spore density. The results
of the analysis of the physical and chemical properties of
soil are factors that can affect the development and density
of the number of AMF spores. Based on the soil analysis
results, the pH H,O sample is relatively low, which is 3.78
or very sour, so it will affect the amount of AMF spore
density. Mycorrhizal is generally resistant to changes in
soil pH, so it will still find AMF in both alkaline and very
acidic soils. Still, the amount depends on the adaptability of
each AMF to be able to develop appropriately (Samsi et al.
2017). Compatibility tests showed that AMF could increase
corn growth and had a noticeable effect on crop height, leaf
area, and relative growth rate (Suharno et al. 2017). Soil
microorganisms utilize Sub-optimal and infertile soils to
aid plant growth by providing and absorbing plant
nutrients, namely phosphorus (P) and micro-elements. The
presence of AMF found in the ground can help the plants
continue to grow despite the poor soil conditions (Purwati
et al. 2019).
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Table 1. Identification of some AMF spores found in corn plant rhizosphere before trapping
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Spores main criteria for spores

AMF - Source
Color Shape Size
Acaulospora scrobiculata Clear-yellow Round-oval Passed a 106 m sieve (Sharma et al. 2009); (Sari et al.
brownish (no. 140 mesh) 2017)
Acaulospora bireticulata Yellow Round Passed 106 m (no. 140 sieve INVAM 2021; (Lubna and
mesh) Pulate 2019); (Sari et al. 2017)
Acaulospora mellea Tawny Unanimously  Passedsieve 106 pm (Al-Areqi et al. 2015)
(no. 140 mesh)
Acaulospora laevis Brownish Round Passed a 106 m (Sanchez-Lizarraga et al. 2017)
yellow (no. 140 mesh) sieve
Glomus constrictum/ Blackish brown  Round Escapedsieve 212 um (70 INVAM 2021; (Semane et al. 2018)
Septoglomus constrictum mesh)
Glomus monosporum Tawny Round Lolossieve 106 pm (no. (Gehlot and Singh 2015)
140 mesh)
Glomus manihotis Clear brownish ~ Unanimously ~ Passedsieve 106 pm (no. INVAM 2021

-yellow

140 mesh) 100-260 m

Table 2. Results of analysis of physical and chemical properties of soil samples in rhizosphere corn crops in tidal swamp

Analysis variables Results Criteria
Extract1:5 pH H20 3.78 Very acidic
pH KCI 3.47 Very acidic
Organic matter C Walkley & Black 5.49% High
N Kjedhal 0.24% Medium
CIN 22.88% High
P20s HCI 25% 106.2 ppm Very high
Bray 1 13.1 ppm High
CEC 34.80 cmol/kg Height
Texture (pipette method) Sand 4.61%
Dust 53.21%
Clay 42.18%

Furthermore, the results of soil sample analysis
obtained a high C-organic content of 5.49%, which is likely
to affect the number of AMF spores and the percentage of
root infections by AMF. C-organic content is the content of
organic matter in the soil that plants can directly absorb
after undergoing the mineralization process. The most
amount of AMF spores found in soil samples have a
shallow organic C content, while the higher the value of
organic C, the fewer spores found are minimal (Samsi et al.
2017). High P-available content in the soil leads to the
colonization of AMF in low plant roots, cassava planting
inoculated with AMF with a total P content of 29.33 mg /
100 g has an unlimited amount of spores 23 spores per 10 g
of soil (Yusriadi et al. 2018).

Soil texture dominated by low or acidic fractions of
dust and pH is a condition thought to be suitable for
developing Acaulospora spores. Glomus has the most
expansive distribution area, especially in the texture of clay
and soil pH ranges from 5-7; in addition, Glomus is more
resistant to soil copy, and Glomus type AMF spores have a
massive number of species compared to other types of
AMF (Asmarahman et al. 2018). The diversity and
abundance of AMF spores obtained before and after
trapping the corn crop rhizosphere are relatively low. It is
thought to be influenced by low pH, C-Organic and high P
content, and dusty clay texture also has to do with the value

of CEC. The degree of colonization of arbuscular
mycorrhizal fungi is significantly negatively correlated
with the soil phosphorus content. In contrast, the
colonization intensity of arbuscular mycorrhizal fungi is
negatively correlated with groundwater content, total
carbon, soil ph, and organic matter content (Wang et al.
2019). The AMF colonization rate in lowlands elevation
plant rhizospheres showed the highest infection rate of
81.1%, while the lowest infection rate occurred in plains
areas at 64.4% (Marizal et al. 2017).

This study concludes that the amount of spores found in
soil samples in the corn crop rhizosphere before trapping is
less when compared to after trapping. The spores' shape is
round, oblong, and oval, with colors ranging from clear,
yellow, to brown. AMF spores found are from two genera
Acaulospora (A. scrobiculata, A. bireticulata, A. mellea, A.
laevis) and Glomus (G. monosporum, G. constrictum,
Glomus manihotis).
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