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Utilization of arbuscular mycorrhizal spores carrier media which has heavyweight, not 
optimal utilization of organic material as arbuscular mycorrhiza inoculant carrier, and 
founded of arbuscular mycorrhizal spores which have wide adaptability and tolerance 
on land contaminated with heavy metals are the basis for implementation of this 
research. The aim of this research was to determine combination of organic culture 
media which is good for increasing the abundance and diameter of indigenous 
Gigaspora sp. This research was carried out at Universitas Muhammadiyah Parepare, 
and Balai Penelitian dan Pengembangan Lingkungan Hidup dan Kehutanan Makassar. 
The research was compiled using a completely randomized design. The combination 
treatment of organic culture media used was a combination of rice husk charcoal, sand, 
zeolite; rice husk charcoal, sand, sawdust; rice husk charcoal, sand, cocopeat; rice husk 
charcoal, sand, paddy soil; rice husk charcoal, sand, cold larva. The results showed that  
combination of rice husk charcoal, sand, cocopeat; and combination of rice husk 
charcoal, sand, paddy soil gives the best results on growth and development of 
Gigaspora spores. Combination of rice husk charcoal, sand, and cocopeat, can be 
recommended as media an effective, efficient, and inexpensive spore carrier medium, 
but should be used after decomposing into compost.  

Keywords  

Carrier media 
Cocopeat 
Endomycorrhiza  
Rice husk charcoal 
Sawdust 

 
Introduction 
 
Mycorrhizae are mutually symbiotic relationship 
between soil fungi and plant roots (Bender et al., 
2014). These fungi are important microorganisms 
for plants because arbuscular mycorrhizae (AM) 
play a role in supporting plant growth through 
increased absorption of plant nutrients, resistance, 
and tolerance of plants to abiotic and biotic stress 
(Begum et al., 2019). Therefore, AM needs to be 
developed as a biological agent. The abundance of 

indigenous mycorrhizal spores in the post-mining 
area of Sorowako was found in Acaulospora sp., 
70.1%, Gigaspora sp., 22.2%, and Glomus sp., 7.1% 
(Akib et al., 2018). These indigenous mycorrhizae 
have been identified and have a high tolerance 
level for heavy metal concentrations.  
 
One obstacle to the lack of use of AM technology in 
the mining, forestry, plantation, and agricultural 
industries is the limited availability of AM 
inoculants that are commercially produced on a 
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large scale (Coelho et al., 2014; Cely et al., 2016), 
even though the production of AM inoculants is 
relatively simple. The most important thing in the 
AM production process is the availability of human 
resources, good quality starter inoculums, host 
plants, production facilities, and carrier materials 
(Coelho et al., 2014; Mukhongo et al., 2016). 
 
Carrier materials that are often used as culture 
media are generally soil, sand, expanded clay, peat, 
and zeolite (Malusa et al., 2012; Kokkoris et al., 
2019), but these media have obstacles if large 
amounts of mobilization are carried out because 
they have heavyweights. 
 
The use of organic materials as carriers of AM 
inoculants has not been widely used. Several 
research results show that AM has positive 
interactions with organic matter in the soil, 
including soil contaminated with heavy metals, 
saline soil, and soil that is hit by drought (Medina 
et al., 2010; Asmelash et al., 2016; Begum et al., 
2019). Therefore, it is hoped that the availability 
of light, porous, homogeneous, inexpensive, and 
easy to obtain carrier media is the aim of this 
research. 
 
Materials and Methods 
 
This research was conducted at the Agrotechnology 
Laboratory of the Faculty of Agriculture, Animal 
Husbandry and Fisheries, Universitas 
Muhammadiyah Parepare (3O59'S 119O39'E), and 
the Microbiology Laboratory, Balai Penelitian dan 
Pengembangan Lingkungan Hidup dan Kehutanan 
Makassar (5°05'S 119°30'E). This study used a 
completely randomized design with three 
treatments of organic culture media combination 
(Fig. 1), namely; rice husk charcoal, sand, zeolite 

(KM1, as control); rice husk charcoal, sand, 
sawdust (KM2); rice husk charcoal, sand, cocopeat 
(KM3); rice husk charcoal, sand, paddy soil (KM4), 
rice husk charcoal, sand, cold magma (KM5), with 
a ratio of 1: 1: 1. The culture media combination 
was first homogenized and sterilized, before being 
put into a culture media pot as much as 1000 cm3. 
Analysis of the chemical and physical properties of 
media was carried out in the soil science 
laboratory, Faculty of Agriculture, Hasanuddin 
University, Makassar. 
 
The inoculant of AM Gigaspora sp. indigenous 
Sorowako used was pure culture propagule from 
previous research. Every 50 g of propagule 
contains 25-30 spores. The composite corn seeds 
(Zea mays L) to be used as a host plant are first 
soaked in a disinfectant solution for 5-10 minutes 
with a concentration of 2% as an attempt to 
sterilize the surface, then the seeds are dried to air. 
Planting was carried out in a culture pot containing 
a combination of media, the host plant seeds were 
planted together with the provision of propagule 
AM Gigaspora sp. Plants are maintained until the 
age of 60 days, then trapping for 30 days. 
 
The spores of AM Gigaspora sp were isolated from 
every 50 g of combination media using the wet 
filtering method, and the sucrose gradient 
centrifugation method (Walker et al., 1982). The 
calculation of number and measurement of the 
spore diameter was carried out using an electron 
microscope at a magnification of 40 times. The 
observed data from the calculation of the number 
and diameter of AM Gigaspora spores were 
analyzed using analysis of variance (ANOVA), and 
the Duncan test was carried out at P = 0.05 if there 
was a significant influence by treatment factors 
(Akib, 2019). 

 
 

           

KM1 KM2 KM3 KM4 KM5 

 
Fig. 1: Physical forms of organic culture media combination for propagation of AM Gigaspora sp. Indigenous, 

Sorowako. (KM1) Rice husk charcoal, sand, zeolite; (KM2) rice husk charcoal, sand, sawdust; (KM3) rice husk charcoal, 
sand, cocopeat; (KM4)rice husk charcoal, sand, paddy soil; (KM5) rice husk charcoal, sand, cold magma 
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Results  
 
Analysis of variance showed that treatment of 
organic culture media combination had a 
significant effect on the number and diameter of 
spores of AM Gigaspora sp., and results of the 
Duncan test for spore number variables showed 
that combination media of rice husk charcoal, 
sand, paddy soil, produced the highest number of 
spores than the combination of other media (Fig. 
2A), whereas, for the spore diameter variable, 
Duncan's test showed that there was no difference 
in the combination of rice husk charcoal media, 
sand, paddy soil, and the combination of rice husk 
charcoal, sand, and cocopeat (Fig. 2B).  
 
It is suspected that the combination of rice husk 
charcoal, sand, paddy soil, has a good 
environmental effect on the life cycle of Gigaspora 
sp., Based on the analysis of the laboratory's to 
physical properties of media, it shows that 
combination of media culture organic used has a 
texture of sand to loamy sand (Table 1). The sand 
texture has more macropores and is thought to be 
in accordance with the development of the spores 
of Gigaspora sp. which are larger than the spores 
of Glomus sp. and Acaulospora sp. (Syafruddin et 
al., 2016). However, media the growth and 
development of each mycorrhizal spore were not 
the same. 
 
Spores of AM Gigaspora sp., were the spores with 
the largest size (205-600μm) than to spores of AM 
Glomus sp. and Acaulospora sp., formed from the 
tip of a rounded hypha (bulbous suspensor), then 
appear small spheres that enlarge to reach the 
maximum size which eventually become spores 
(Vieira et al., 2020). The suspension is attached to 
the outer surface of the spore wall. The 
characteristic is the presence of a bulbous 
suspensor without a germination shield (Ismael et 
al., 2020). Gigaspora found in the culture media of 
rice husk charcoal, sand, cocopeat, and culture 
media of rice husk charcoal, sand, paddy soil has a 
diameter of >250μm, while in other media 
combinations it is still relatively small. It is 
assumed that the spores formed have not reached 
their maximum size and are still experiencing 
growth. 
 
Spores are an important component as a source of 
inoculum (Berruti et al., 2016). Gigaspora 

inoculums are spores (Coelho et al., 2014), while 
Acaulospora and Glomus inoculums are spores, 
mycorrhizal roots, and extraradical hyphae 
(Songachan and Kayang, 2013). Acaulospora 
species took less time to produce spores than 
Gigaspora species in the same environment (Wang 
et al., 2015). Furthermore, Gigaspora species 
usually form mycelium as their active form and 
produce fewer spores than Acaulospora species 
(Dodd et al., 2000; Wang and Jiang, 2015). The 
difference in the number of AM spores is also 
caused by the spore size, AM Gigaspora takes a 
longer time to produce spores because of the larger 
spore size so that it produces fewer spores than the 
Acaulospora species in the same environment 
(Costa et al., 2013; Castillo et al., 2016). 
 
Apart from the physical properties of media, the 
number of spores also is influenced by the 
chemical properties of media. Soil chemical 
properties play an important role in the growth 
and development of AM spores. CEC value is 
closely related to the level of fertility of the culture 
media (Carmo et al., 2016). Culture media with 
high CEC was able to provide better nutrients than 
low CEC (Saidi and Djamel, 2011; Yunan et al., 
2018), as was the CEC in a combination of rice 
husk charcoal media, sand, soil (Table 1). Febriani 
et al. (2017) also showed that the culture media for 
the growth and development of good MA were soil, 
sand, and rice husk charcoal with an abundance of 
89 spores per 100 g of media, but this study did 
not provide information on the mycorrhizal genus 
used. 
 
The media combination of rice husk charcoal, 
sand, sawdust, greatly reduced the number of 
Gigaspora sp spores but not at spore diameter 
variable, this is presumably because sawdust has a 
high P content (Table 1). The development of AM is 
limited by the availability of P nutrients, to some 
extent an increase in P levels can increase AM 
colonization, but at higher levels, it has a negative 
effect (Nouri et al., 2014; Mujica et al., 2016), High 
P levels can reduce hyphal growth as well as AM 
colonization and sporulation (Prasad et al., 2012; 
Sarah et al., 2016). High levels of P in the media 
combination can reduce the permeability of cell 
membranes for carbohydrates, so that the supply 
of phosphate for AM is disturbed (Balzergue et al., 
2013; Beltrano et al., 2013). In addition, there are 
several other possible factors that cause the 
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combination of organic culture media (sawdust 
and cocopeat) to be ineffective, including the 
activity of parasitic fungi that can kill plant roots 
and the effect of increasing temperature on the 
media due to the decomposition process of organic 
matter which is a consequence of the content. Still 
high C/N. Thus the use of organic materials 
(sawdust and cocopeat) as a carrier for AM should 

be made in the form of compost.  Compost of 
Eichhornia crassipes (80%) with zeolite can be 
used as mycorrhizal carrier material (Ferry et al., 
2013; Setiadi et al., 2019). However, the advantage 
of using organic media combinations is that they 
have a lighter weight than other media 
combinations so that they are easy to transport 
(Table 1). 

 
 
Table 1. Physical and chemical properties of the combination of organic culture media for Gigaspora sp., Sorowako. 

Combinatio

n of Media 

culture 

organic 

Physical properties Chemical properties 

Texture 
Weight of 
media per 10 
cm3 (g) 

pH 

(H2O) 

CEC 

cmol (+) 

kg-1 

BS 

(%) 
C/N 

N 

(%) 

P 

(ppm) 

K 

cmol (+) 

kg-1 

Mg 
cmol (+) 
kg-1 

KM.1 Sand 9.35 6.66 7.05 73 9 0.17 9.68 0.41 1.25 

KM.2 Sand 6.49 6.67 9.58 65 10 0.21 11.28 0.41 1.36 

KM.3 Sand 6.85 6.34 8.89 47 13 0.15 8.06 0.35 1.14 

KM.4 Loamy sang 9.81 6.10 12.19 36 16 0.12 10.31 0.52 0.85 

KM.5 Sand 10.77 6.44 6.93 73 8 0.18 12.25 0.48 1.47 

Keterangan: KM1 (rice husk charcoal, sand, zeolite), KM2 (rice husk charcoal, sand, sawdust), KM3 (rice husk charcoal, sand, 

cocopeat), KM4 (rice husk charcoal, sand, paddy soil), KM5 (rice husk charcoal, sand, magma cold). 

 
 
 

 
Fig.2: Abundance and diameter of spore AM Gigaspora sp. at combinations of organic culture media. KM1 (rice husk 
charcoal, sand, zeolite), KM2 (rice husk charcoal, sand, sawdust), KM3 (rice husk charcoal, sand, cocopeat), KM4 (rice 
husk charcoal, sand, paddy soil), KM5 (rice husk charcoal, sand, magma cold). The spore abundance data shown has 

been transformed in logarithmic form. 
 
 
Discussion 
 
Zeolite media is good to use as a planting medium 
because it is stable and does not easily change or 
be damaged by water spray (Sangeetha and Baskar 
2016). Zeolite is a mineral that can improve soil 
and plant productivity because it is alkaline, so that 
it can neutralize acidic soils, reduce the power of P 
fixation by soil colloids, increase CEC, and increase 
the activity of microorganisms in the soil (Jakkula 

and Wani, 2018; Kurniawan et al., 2019; Lajszner 
et al., 2018; Aainaa et al., 2018; Fudlel et al., 2019). 
Zeolite is a natural mineral that is in form of 
crystals and has a cavity filled with metal ions and 
water molecules which can increase the metal ion 
exchange process that plants need  (Wang and 
Peng, 2010; Mastinu et al., 2019). Spores of AM 
Acaulospora sp. found in large quantities in zeolite 
material than sand and latosol soil material 
(Siregar et al., 2020). Zeolite material is able to 

B
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increase the efficiency of absorption of nutrients, 
especially N and K, absorb gas so that it can 
remove odors, high water absorption so that it can 
protect roots from dryness, increase ion exchange, 
especially cations, and release it slowly (slow-
released), and able to maintain moisture aeration 
carrier material for a long time (Jakkula and Wani, 
2018; Zarrintaj et al., 2020). However, the 
disadvantages of zeolite are the high price of the 
material and the heavyweight of the material so 
that it is not effective for mobilization over long 
distances, as well as the use of wetland soil and 
cold magma. 
 
Apart from zeolites, AM inoculant propagation can 
be done on media containing organic matter. 
Organic matter is part of the soil that comes from 
plant and animal tissues that have undergone a 
change in shape and is able to increase the 
availability of nutrients for plants due to the 
decomposition process that occurs in the soil, 
besides that organic matter can increase microbial 
activity in the soil (Gleixner, 2013; Jacoby et al., 
2017; Novak et al., 2019) . Utilization of organic 
matter as a growing medium for AM inoculants is 
still rarely used, whereas from several research 
results it is known that organic matter supports the 
development of AM propagules (Coelho et al., 
2014; Kim et al., 2017). 
 
Cocopeat is an organic growing medium derived 
from coconut belt powder. Cocopeat has high in 
chlorine and tannins, which are known to inhibit 
plant growth (Irawan and Hidayah, 2014). The 
chlorine content required for cocopeat should not 
be more than 200 mg / L (Christy, 2020). 
Therefore, it is very important to soak and wash 
the cocopeat raw material for several hours to 
remove excess chlorine and tannins (Irawan and 
Hidayah, 2014). The advantages of cocopeat as a 
planting medium include: it has high water 
absorption, can store water in pores, contains 
nutrients because it will store liquid fertilizer, 
reduces the frequency of fertilization, contains very 
natural nutrients, loosens the soil with a neutral 
degree of soil acidity, namely 5,8-6, and supports 
rapid root growth and is therefore good for culture 
media (Awang et al., 2009; Laure et al., 2017). 
According to Kalaivani and Jawaharlal (2019), 
Fazilah et al. (2017), Jain and Sunita, (2016) 
cocopeat, a planting medium that is able to hold 
water up to 73% of the 41 ml water that is flowed 

through the cocopeat layer. In addition, the 
cocopeat medium has a lightweight so that it can 
be used as a carrier for AM inoculum  
 
Rice husks charcoal are organic materials derived 
from agricultural waste which contain several 
important elements such as crude protein, fat, 
crude fiber, carbon, hydrogen, oxygen, and silica 
(Ahiduzzaman and Islam, 2016; Babosa and 
Sharanagouda, 2017). Besides being able to be 
used as a material that improves soil by increasing 
air permeability and water percolation, rice husk 
charcoal also has good porosity for root 
development and has high water-holding power, 
besides that, rice husk charcoal can be used as a 
growing medium for microbial inoculants such as 
mycorrhizae (Milla et al., 2013; Win et al., 2019; 
Seran, 2018). The use of rice husk as a growing 
medium for AM inoculants has not been widely 
used. The use of rice husk and quartz sand with a 
ratio of 3: 1 as a growing medium for AM inoculant 
with a corn host plant was able to create suitable 
conditions for the development of Glomus 
fasiculatum (Badar and Qureshi, 2014; Koyama et 
al., 2016; Husna et al., 2019).  
 
Important things to consider in inoculum 
multiplication are the compatible host plant 
(Medina and Azcon, 2010), culture media (Coelho 
et al., 2014), and growth of the environment 
(Goetten et al., 2016). This is important to consider 
because AM is obligate, and the needs of each AM 
for these factors are not always the same (Berruti 
et al., 2016). Inoculum multiplication must have 
high infectivity and effectiveness, fast colonization 
of host roots, and produce a lot of spores (Ijdo et 
al., 2011). AM does not select a specific host plant, 
all plants are potentially infected, but the level of 
infectivity and effectiveness is different for each 
host association and AM, although AM infects and 
colonizes the roots of various plant species, there 
are plant species that the preferred by showing 
plant root colonization response which maximum 
(Ohtomo et al., 2018; Chen et al., 2018; Hao et al., 
2019). AM Gigaspora sp. works with hyphae that 
penetrate into the cortex cells of the host plant 
from one cell to another, bonding and twisting to 
form strong, and carry out its function of 
transferring nutrients from the soil to plants and 
releasing carbon (C) and Phosphor (P) so that it 
can be utilized by plants which results in an 
increase in plant biomass, number of spores and 
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degree of root infection (Garg and Aggarwal, 2012; 
Johri et al., 2015; Wipf et al., 2019). 
 
The increase in plant nutrient uptake by AM can be 
carried out in six ways, namely: (1) increasing of 
nutrient uptake capacity by root, because 
mycorrhizal roots live longer (Mohammadi et al., 
2011), (2) causing better P movement (Tran et al., 
2020), (3) expanding the absorption area, through 
the area of plant roots (Wang et al., 2017), (4) 
increase the direct or indirect transfer of nutrients 
among mycorrhizal plants (Ingraffia et al., 2019), 
(5) external hyphae expand the absorption area 
because the diameter is smaller than the plants 
roots (1 µm), thereby increasing nutrient uptake 
(Zhang et al., 2016), and (6) inducing the 
formation of organic acids and phosphatases 
(Wang et al., 2019), and increasing the plant's P 
supply through leaching and mineralization (Jalali 
et al., 2014). 
 
Conclusion 
 
The combination of rice husk charcoal media, 
sand, cocopeat, and the combination of rice husk 
charcoal media, sand, paddy soil, resulted in good 
growth and development of AM Gigaspora spores. 
The combination of organic culture media can be 
used as a carrier for AM, a combination of rice 
husk charcoal, sand, sawdust, and a combination 
of rice husk charcoal, sand, cocopeat, has the 
potential to be a carrier for AM Gigaspora sp 
indigenous Sorowako, because it has a lightweight, 
but should be used after decomposed to form 
compost. 
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