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SPORE PRODUCTION AND INOCULUM 
FORMULATION OF CLAROIDEOGLOMUS 

ETUNICATUM AND ITS APPLICATION IN MAIZE 
(Zea mays)

Risa Rosita1*, Deden Dewantara Eris2, Aslan Aslan3, Zulhamsyah Imran1

ABSTRACT
Recently, the demand for AMF (Arbuscular Mycorrhiza Fungi) fertilizer for 
agriculture and forestry plantations in Indonesia has increased significantly. 
Meanwhile, the unavailability of an applicable AMF inoculum that’s easy to use and 
inexpensive is one of the constraints on AMF application as a fertilizer in the field. 
It indicates that the best-formulated inoculum must be found. The study aimed 
to produce AMF spores using conventional and hydroponic systems, formulate 
the best AMF inoculum, and measure the growth response in maize (Zea mays) 
after applying the formulated inoculum. At the formulation stage, the research 
was designed using a Completely Randomized Design (CRD) with three factors: 
the type of carrier material, temperature, and addition of AMF inoculum. Data 
were analyzed using SAS software version 9 and further tested using Duncan’s 
Multiple Range Test (DMRT) at 5% alpha (α) level. The results showed that the 
conventional pot culture technique effectively increases AMF spore density, and 
the NFT hydroponic technique effectively increases root colonization percentage. 
The E2 treatment with Claroideoglomus etunicatum in pot culture generated the 
highest spore density of 350 ± 6.97 spores per 10 g of zeolite (P<0.05) compared 
to other treatments and control. Meanwhile, the hydroponic technique had the 
highest AMF percentage colonization with the E2 treatment at 98% ± 2.66% 
(P<0.05). Analysis of variance in the formulation stage showed the formulated 
AMF inoculum (TZ60F1, TZ60F2, TZ40F1, TZ40F2) can increase the growth of Zea 
mays compared to not giving formulated AMF inoculum (TK60F1, TK60F2, TK40F2, 
TK). Compared to other treatments and controls, the F1 carrier media (sodium 
alginate and 10% Aloe vera extract), which makes up the formulated AMF inoculum 
treated at a temperature of 60 °C (TZ60F1), had a very significant influence on 
all growth parameters. The most significant plant height was 120 ± 1.70 cm, the 
number of leaves was 15 ± 0.84, and the largest plant dry biomass was 26.3 ± 2.46 
g. Carrier materials in sodium alginate and Aloe vera helped protect C. etunicatum 
spores well; even though they were treated with high temperatures of up to 60°C, 
AMF could still grow and function well.
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INTRODUCTION
Population growth needs sufficient food production to 
meet food security and combat hunger and poverty. 
Berners-Lee et al. (2018) stated that crop production 
is only sufficient to provide food for a projected global 
population of 9.7 billion in 2050. However, there are 
some obstacles to increasing food crop production 
due to the increase in fertilizer costs in recent years. On 
the other hand, the effects of dependence on chemical 
fertilizers and pesticides are known to have caused 
a decline in human health, disruption of ecosystem 
functions, and environmental degradation (Proia et al., 
2013; Rani et al., 2021; Richardson et al., 2014; Rajput 
et al., 2020;).
Not all plants can grow in extreme weather and adapt 
to climate change. Therefore, plants need microbes 
to survive in bad weather and unpredictable climate 
change. Regarding this problem, a study about 
exploring and optimizing the beneficial interactions 
among microbes and plants is needed to support food 
production without affecting the relationship between 
humans and their environment.
Arbuscular Mycorrhiza Fungi (AMF) is one of the soil 
microbes that play an important role in promoting 
plant growth. AMF functions as a biological fertilizer 
because of its ability to assist plants in absorbing 
nutrients through the mechanism of root colonization. 
The mechanism appears through the formation of 
intercellular, intracellular, arbuscular, and vesicle 
hyphae in the roots of host plants. AMF require a host 
plant in its life cycle through a colonization process 
in its roots intracellularly, beginning with the pre-
symbiotic to the symbiotic phase (Souza, 2015). These 
functional structures may help plants to grow nicely. 
The interaction of AMF and host plants is determined 
primarily by the suitability of the symbiosis between 
the fungus and host plant in the root system. AMF 
provide 80% inorganic nutrition for land-living plants 
(Begum et al., 2019). On the other side, they gain up 
to 20% monosaccharides from CO2 fixation by plants. 
Previous studies have been done by Rosita (2021) and 
Wulandari et al. (2022), which show that other roles 
of mycorrhizae improve post-mining soil fertility and 
provide the essential compounds that plants need. 
Srivastava et al. (2017) report that AMF as a biological 
fertilizer increases plant growth by accelerating 
nutrient uptake from the soil, especially inaccessible 
nutrients such as Phosphate (P) and Nitrogen (N). In 
addition to absorbing mineral nutrition, AMF maintains 
root hydraulic conductivity and enhances plant net 
photosynthetic capacity and stomatal conductance. 
Glomus fasciculatum increases photosynthesis, plant 
productivity, and salt stress tolerance (Ebrahim & 
Saleem, 2017). Two species of AMF that have optimal 
effects on plant growth and percentage of mycorrhizal 

infection are G. facsiculatum and G. etunicatum 
(Rahayu, 2014). AMF phylogeny defined G. etunicatum 
as the synonym of Claroideoglomus etunicatum 
(Schüßler & Walker, 2010).
AMF production technology has been developed since 
the role of AMF for plants is known. The production 
of AMF inoculum requires a system that allows the 
production of AMF in large quantities, limited space, 
and effective management. Aryanto et al. (2018) stated 
that the interaction of the NFT system and AB Mix 
nutrition with the host plant Pueraria javanica shows 
the best biomass and spore production, significantly 
(P<0.05) achieving the highest shoot dry matter, dry 
root matter, and spores with a percentage of root 
colonization more than 96%. Rosita et al. (2020) define 
refers to microscopic observations that have been 
done on AMF inoculated treatment using Signal grass 
(Brachiaria decumbens) as a host plant, showing AMF 
colonization reached 55% and spore density amount of 
252 % per 10 g media. In contrast, this doesn't occur 
with non-inoculated treatment. 
Nowadays, AMF's inoculum demand for agriculture 
and forestry plantations in Indonesia is very high. The 
unavailability of inoculums for application is a major 
constraint on the use of AMF as a biological fertilizer 
in the field. Inoculum formulation can be produced in 
various ways, including tablet formulation, the most 
inexpensive and effective AMF formulation for field-
scale applications. One of the primary standards that 
must be found in inoculum formulation is inoculum 
viability, as indicated by the ability of the fungus to 
colonize host roots and form colonizing structures such 
as spores, internal hyphae, external hyphae, arbuscles, 
and vesicles. Using inoculums without a formula usually 
encounters various obstacles, including the rapid 
decline in inoculum quality and difficulties in storage, 
distribution, and application in the field. The objectives 
of the research were (1) to study AMF spore production 
techniques using conventional and hydroponic systems 
and (2) to study the effect of formulated inoculum on 
the growth of maize (Zea mays).

MATERIALS AND METHODS
Area study. The experiments were carried out at the 
Southeast Asian Ministers of Education Organization 
Biology Tropical (SEAMEO BIOTROP) greenhouse 
and Biosystem and Landscape Management (BLM)  
laboratory, which is located in Bogor, Indonesia, with 
a latitude of -6.635486261817926 and a longitude of 
106.82536873959347. 
Preparation of the planting medium. Zeolite was used 
as a planting medium. The first step was to wash the 
zeolites thoroughly with running water to remove any 
dust that might be attached to the surface. Once the 
washing water ran clear, the zeolite was placed in a 
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holding container to dry in the sun until completely dry. 
Afterward, the zeolite is carefully weighed and prepared 
to be placed into a heat-resistant plastic bag. This bag 
then would be sterilized using an autoclave for 120 
minutes at a temperature of 121°C. Two techniques 
were utilized to produce spores: the conventional pot 
culture (CVN) and the hydroponic using Nutrient Film 
Techniques (NFT). Concerning the spore production 
stage, (1) Zea mays, (2) Sorghum bicolour, and (3) 
Pueraria javanica were chosen as host plants.  AMF 
spores of C. etunicatum (E) and G. fasciculatum (F) 
were used. Those AMF inocula were obtained from the 
Biosystem and Landscape Management Laboratory 
of SEAMEO BIOTROP, with the code numbers BLM_
MGL1 and BLM_MGL2. A total of 5 AMF spores were 
inoculated into each pot in those systems.
Preparation of conventional pot culture (CVN) 
technique. In establishing the conventional technique 
using a pot culture system, 5 spores of AMF were 
inoculated onto the root surfaces and incubated for 
4 weeks. The roots not inoculated by AMF were used 
as the control (K). The inoculation method referred to 
Rosita et al. (2020). Once the incubation period was 
over, the seeds were transferred to pots containing 200 
g of zeolite as the planting medium. The plants were 
maintained for 3 months by watering and fertilizing them 
with water containing 1.42 g (equivalent to 1420 ppm) 
NPK (nitrogen, phosphorus, and potassium) fertilizer, 
following the method outlined in Rosita et al. (2020). 
There were nine tested treatments , including (1) K1= 
Pot Culture + Z. mays; (2) K2= Pot Culture + S. bicolour; 
(3) K3= Pot Culture + P. javanica; (4) F1= Pot Culture + Z. 
mays + 5 spores of G. fasciculatum; (5) F2= Pot Culture 
+ S. bicolour + 5 spores of G. fasciculatum; (6) F3= Pot 
Culture + P. javanica + 5 spores G. fasciculatum; (7) E1= 
Pot Culture + Z. mays + 5 spores C. etunicatum; (8) E2= 
Pot Culture + S. bicolor + 5 spores C. etunicatum; (9) 
E3= Pot Culture + P. javanica + 5 spores C. etunicatum. 
Each treatment was repeated in 25 replicates. After the 
plants were incubated for 3 months, spore density and 
AMF colonization rate were observed.
Preparation of NFT hydroponic. The plant was previously 
inoculated with 5 spores of AMF and incubated for 4 
weeks. It was then transferred into a pot containing 
200 g of zeolite and placed on the NFT hydroponic 
equipment (Figure 1). The roots not inoculated by AMF 
were used as the control (K).
Nutrients were delivered to the plant's roots through 
a stream of water, allowing the deep plant roots to 
come in contact with a thin layer of flowing nutrients. 
The water layer was set up to 3 cm in height, and the 
plants were maintained for 3 months using 1420 ppm 
AB Mix Hydro J solution (Tripama & Yahya, 2018) to 
provide nutrients. Considering of Figure 1. there were 
9 treatments tested, including (1) K1= NFT + Z. mays; 

(2) K2= NFT + S. bicolour; (3) K3= NFT + P. javanica; (4) 
F1= NFT + Z. mays + G. fasciculatum; (5) F2= NFT + S. 
bicolour + G. fasciculatum; (6) F3= NFT + P. javanica + G. 
fasciculatum; (7) E1= NFT + Z. mays + C. etunicatum; (8) 
E2= NFT + S. bicolour + C. etunicatum; (9) E3= NFT + P. 
javanica + C. etunicatum. Each treatment was repeated 
in 25 replicates. The number of spore densities and 
percent of AMF colonization were measured 3 months 
after treatment.
Spore density and percent colonization of AMF. In 
determining the density of AMF spores and their 
colonization percentage, the wet sieving method was 
used by using graded filters (425 µm, 212 µm, 106 
µm, and 63 µm). The host plant’s roots were stained, 
and then ten root pieces, cut to approximately 1-1.5 
cm, were observed under a microscope (Tawaraya et 
al.,1998). The colonization percentage was calculated 
based on the presence of external hyphae, internal 
hyphae, vesicles, arbuscular, and AMF spores on the 
roots (Rosita et al., 2020).
Preparation of formulated inoculum (F1). The inoculant 
used in this stage had the highest spore density. The 
selected inoculant weighed as much as 1 kg and was 
dried in an oven at 60 °C or 40 °C for 3 hours. It was 
then mixed with 1.75% Natrium Alginate and 10% Aloe 
vera extract. The concentration of Natrium Alginate and 
Aloe vera is determined by Nurlaeli (2012). The mixture 
that had changed into granules was dried in the oven at 
45 °C for 36 hours.
Preparation of formulated inoculum (F2). The inoculant 
was dried in an oven at 60 °C or 40 °C for 3 hours 
and then homogenized by adding 1:1 (v/v) gypsum. 
Furthermore, clay and water were prepared with a 
ratio of 1: 2.5 (w/v). Clay and water were mixed until 
homogeneous and then poured over the surface of 
the inoculant. Afterward, gypsum was added to the 
mixture. The mixture of materials was printed with a 
tool measuring 0.8 cm in diameter and 1 cm in height. 
The printed tablets were dried in an oven at 45 °C for 
36 hours. 
Application of formulated inoculum in maize (Z. mays). 
Maize seedlings that had been maintained for 2 weeks 
were prepared. After that, the formulated inoculum 
F1 and F2 were applied to the seedlings. There were 
9 different types of formulations used as treatments, 
consisting of: (P1) TZ60F1= AMF + 60 oC + F1; (P2) 
TZ60F2= AMF + 60 oC + F2; (P3) TZ40F1= AMF + 40 
oC + F1; (P4) TZ40F2= AMF + 40 oC + F2; (P5) TK60F1= 
60 oC + F1; (P6) TK60F2= 60 oC + F2; (P7) TK40F1= 
40 oC + F1; (P8) TK40F2= 40 oC + F2; (P9) TK = no 
treatment. Each treatment was repeated 10 times. The 
formulated inoculum was applied by making a hole as 
deep as ± 3 cm. The inoculum was spread over the 
rhizosphere area of the maize’s roots and then covered 
with sterilized soil. Maize plants were maintained until 
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the age of 3 months. Plant height, number of leaves, 
and dry plant biomass were measured at harvest time. 
Data were analyzed using SAS software version 9 and 
further tested using Duncan’s Multiple Range Test 
(DMRT) on a 5% alpha (α) level.

RESULTS AND DISCUSSION
Results of analysis of variance (Table 1) show that the 
treatments have significant effects on the parameter 
of spore density (P<0.05). Spore production using the 
conventional E2 pot culture technique inoculated with 
C. etunicatum achieved the highest spore density value 
of 350 ± 6.97 spores per 10 g of zeolite. This means 
that to produce AMF spores successfully, the most 
suitable technique is needed, especially in selecting the 
most suitable host plant and its production technique. 
Therefore, Z. mays and Sorghum were chosen as host 
plants because of their extensive rooting system. Pot 
culture is an effective method to produce AMF spores, 
which is carried out by inoculating effective AMF 
into certain host plants in a sterilized solid medium 
(Simanungkalit, 2004). Meanwhile, the determination 
of Pueraria javanica as the host plant was decided 
according to Aryanto et al. (2018), who reported that 
interaction among the NFT technique, AB Mix nutrition, 
and P. javanica as the host plant show the best results 
in spore production and plant biomass.

Figure 1. Design of an NFT hydroponic system at the spore production stage

The pot culture E2 treatment had the highest spore 
density of 350 ± 6.97 spores per 10 g of zeolite compared 
to the other treatments and control. However, the 
percentage of colonization for this treatment was only 
50% ± 6.75%. This occurs because the spores are still 
in the process of germinating within the media, and the 
hyphae have not yet penetrated into the root tissue. The 
result is following Rosita et al. (2020), on microscopic 
observation of Brachiaria decumbens, the number of C. 
etunicatum spores reaches 252 ± 9.82 spores per 10 g 
of zeolite with a percentage of colonization amount of 
55% ± 0.06%, whereas AMF colonization does not occur 
in non-inoculated plants. On the other hand, Rahayu 
(2014) stated that C. etunicatum has an optimal effect 
on plant growth.
Table 2 shows that treatment affects significantly 
to AMF spore production (P<0.05). The results 
revealed that the NFT hydroponic system inoculated 
by C. etunicatum had the highest percentage of AMF 
colonization at 98% ± 2.66% (E2) compared to other 
treatments and controls. This indicates that the 
NFT hydroponic technique significantly enhanced 
colonization rates.  Rodrigues et al. (2021) and 
Rahayu (2014) reported that C. etunicatum effectively 
colonizes plant roots, achieving a colonization rate of 
84%. C. etunicatum is effective in colonizing plant roots 
because of its high ability to infect. C. etunicatum and 
its spores germinated actively to produce hyphae. 



94 | BIODIVERS Vol. 3 No. 2, 2024

Spore Production and Inoculum Formulation of Claroideoglomus Etunicatum

Based on Tables 1 and 2, those show that both spore 
production and colonization data between conventional 
(using pot culture) and hydroponics (NFT) generally 
show contradictory results. This shows that AMF has 
a mechanism to grow and reach nutritional sources. 
Mycorrhizae respond to and access nutritional sources 
through hyphal growth mechanisms. Hyphae are 
long filamentous structures that form mycorrhizal 
networks. These hyphae grow and branch in extensions 
in various directions, exploring the growing medium to 
find and absorb nutrients. The nutrient concentration 
influences hypha growth in the media. Hyphae tend to 
grow faster and branch more in directions with a higher 
concentration of nutrients. This is the reason why the 
spore density value in treatments using conventional 
techniques has higher losses than hydroponic 
techniques because the nutrients are placed below the 
surface of the media. Meanwhile, hydroponic treatment 
produces lower spore density values   because the 
nutrients needed for plant growth are dissolved in the 
air. The percent value of AMF colonization was the 
highest in treatments given hydroponic techniques. 
AMF tends to move to the bottom towards sources of 
water-soluble nutrients. 
The spore germination process can be affected by 
several factors, such as production technique, host 
plant, and the amount of organic matter in the planting 
medium. Organic materials can be obtained through 
plant maintenance activities, including the application 
of NPK fertilizer (Susanti et al., 2023), which is known 
to stimulate spore germination. Referring to Akmal’s 
(2019) findings, the root exudate triggers spore 
germination, particularly the flavonoid compounds 
of the flavanol type that promote the growth of AMF 
hyphae. For plants associated with AMF, receiving 
adequate sunlight to produce high carbohydrate 
concentrations is crucial. This result is in line with 
Sieverding (1991), who reported that AMF species, 
host plants, growing medium, and environmental 
conditions affect the time of spore formation. Besides 

that, mycorrhiza produces organic acids which release 
fixed P (Ristiyanti et al., 2014). One of the factors 
that influence the development of mycorrhiza is 
environmental factors. Two environmental factors 
that influence AMF development are abiotic and biotic. 
Abiotic factors include climate, light, temperature, soil 
fertility, and soil pH (Sastrahidayat et al., 2010), while 
biotic factors can come from the symbiotic host plants 
with AMF. AMF inoculation increases P uptake and 
shoots biomass. The contribution of AMF to P uptake 
and shoot biomass varied based on the phosphate 
source. The most excellent P uptake was  CaHPO4.2H2O 
(Ca2-P). AMF mobilizes phosphates under stress 
conditions (low P) and increases contact with P in the 
soil compared with non-mycorrhizal root systems (Yao 
et al., 2001). The excessive availability of carbohydrates 
in plant roots decreases soil fertility, so plants cannot 
absorb nutrients due to limited root systems and an 
imbalance of one or more macronutrients (N, P, K). The 
condition formed an association between roots and 
AMF. Based on the result, when C. etunicatum colonized 
the maize roots, maize plant roots did not enlarge. The 
success of AMF colonization of plant roots was proven 
by the formation of external hyphae, internal hyphae, 
vesicles, and arbuscles (Figure 2).
When hyphae penetrate the cell wall of plant roots, 
they create distinctive structures, such as vesicles or 
arbuscles. Vesicles are thin-walled balloons that form 
at the ends of hyphae and have round or oval shapes. 
These structures serve as storage organs for nutrient 
reserves like lipids. Arbuscles, conversely, have tree-
like shapes and are formed from intraradical hyphae 
branches located between the cell wall and membrane. 
They are crucial in facilitating nutrient and carbon 
exchange between AMF and host plants. The high 
and low levels of AMF colonization are influenced by 
the type of AMF and the shape of plant roots in the 
form of fibrous roots, taproots, types of roots, and 
the environmental conditions of these plants (Akmal, 
2019).

Figure 2. Root tissue microscopic observation of host plant at 3 months after treatment, magnification: 10 x 40 (NFT=hydroponic; 
CVN= conventional; S= spores; V= vesicles; IH= internal hyphae; EH= external hyphae)
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Table 1. Effect of conventional technique in increasing AMF spore production at 3 months after treatment

 Code Treatment Spore density/10 g 
of zeolite Colonization (%)

K1 CVN + Z. mays 4 ± 0.58 g 8 ± 0.76 e

K2 CVN + S. bicolor 3 ± 0.87 h 8 ± 1.53 e

K3 CVN + P. javanica 2 ± 0.96 i 8 ± 1.50 e

F1 CVN + Z. mays + G. fasciculatum 300 ± 5.16 b 60 ± 4.33 b

F2 CVN + S. bicolor + G. fasciculatum 190 ± 6.80 d 58 ± 4.65 c

F3 CVN + P. javanica + G. fasciculatum 198 ± 7.65 c 60 ± 7.94 b

E1 CVN + Z. mays + C. etunicatum 175 ± 4.38 e 58 ± 5.28 c

E2 CVN + S. bicolor + C. etunicatum 350 ± 6.97 a 50 ± 6.75 d

E3 CVN + P. javanica + C. etunicatum 70 ± 4.84 f 70 ± 7.49 a

* The numbers followed by the same letters in the same column are not significantly different based on the DMRT test at the level of α≤5%

Table 3. Effect of temperature and formulated inoculum application on Zea mays vegetative growth at 3 months after treatment

Code Treatment  Plant height 
(cm) Number of leaves Plant dry biomass (g)

TZ60F1 F1+AMF+60 oC 120 ± 1.70 a 15 ± 0.84 a 26.3 ± 2.46  a

TZ60F2 F2+AMF+60 oC 110.6 ± 6.47 ab 13 ± 1.26 b 20.7 ± 4.37  b

TZ40F1 F1+AMF+40 oC 104.7 ± 8.78 b 12 ± 0.85 c 20.4 ± 5.14 b

TZ40F2 F1+AMF+40 oC 104.4 ± 4.33 b 12 ± 0.70 c 20.06 ± 0.76  b

TK60F1 F1+60 oC 90 ± 4.35 c 9 ± 0.52 d 15.29 ± 3.18  c

TK60F2 F2+60 oC 89.7 ± 2.38 c 9 ± 0.67 d 15.28 ± 1.62 c

TK40F1 F1+40 oC 86.5 ± 3.78 cd 9 ± 0.42 d 15.27 ± 5.29 c

TK40F2 F2+40 oC 80.9 ± 7.82 cd 9 ± 0.42 d 14.53 ± 3.68 c

TK No treatment 75.4 ± 6.63 d 7 ± 0.42 e 9.03 ± 1.15 d

* The numbers followed by the same letters in the same column are not significantly different based on the DMRT test at the level of α≤5%

Table 2. Effect of hydroponic technique in increasing AMF spore production at 3 months after treatment

Code Treatment Spore density/10 g 
of zeolite Colonization (%)

K1 NFT + Z.  mays 2 ± 0.71 g 3 ± 0.91 g

K2 NFT + S. bicolor 5 ± 1.15 f 15 ± 1.91 f

K3 NFT + P. javanica 5 ± 1.22 f 15 ± 1.29 f

F1 NFT + Z. mays + G. fasciculatum 10 ± 1.04 e 80 ± 3.58 d

F2 NFT + S. bicolor + G.  fasciculatum 15 ± 1.08 d 80 ± 4.09 d

F3 NFT + P. javanica + G. fasciculatum 150 ± 4.16 a 60 ± 2.18 e

E1 NFT + Z. mays + C. etunicatum 20 ± 1.26 c 88 ± 4.52 c

E2 NFT + S. bicolor + C. etunicatum 50 ± 3.59 b 98 ± 2.66 a

E3 NFT + P. javanica + C. etunicatum 15 ± 2.45 d 96 ± 3.62 b

* The numbers followed by the same letters in the same column are not significantly different based on the DMRT test at the level of α≤5%

The type of root can affect the presence of an AMF. 
In fibrous roots, more AMF would be found because 
the roots spread downward and to the side, making 
it easier for the symbiosis between mycorrhizae 
and plants (Hermawan, 2015). Host plants from the 
Graminae class are more suitable for AMF production 
because they have a higher percentage of colonization 
and spore density than those from the Leguminosae 
(Rini & Rozalinda, 2020). 

The best AMF inoculant used in the application stage 
was the conventional technique code E2 (Pot culture 
+ S. bicolour + C. etunicatum). The highest spore density 
was 350 ± 6.97 spores per 10 g zeolite. Furthermore, 
the inoculum was developed by providing treatment 
in the form of temperature (60 °C, 40 °C) and adding 
carrier materials (F1: natrium alginate and 10% Aloe 
vera extract; F2: gypsum). 
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Table 3 shows that inoculum formulations significantly 
impact the whole of  Z. mays growth parameters 
(height, number of leaves, and plant dry weight) of corn 
plants 3 months after application in sterile soil media. 
Based on the result, giving formulated AMF inoculum 
(TZ60F1, TZ60F2, TZ40F1, TZ40F2) can increase 
the growth of corn plants compared to not giving 
formulated AMF inoculum (TK60F1, TK60F2, TK40F2, 
TK). Compared to other treatments and controls, the 
F1 carrier media (materials in the form of sodium 
alginate and 10% Aloe vera extract), which make up the 
formulated AMF inoculum treated at a temperature of 
60 °C (TZ60F1), had a very significant influence on all 
growth parameters. The most significant plant height 
was 120 ± 1.70 cm, the number of leaves was 15 ± 
0.84, and the largest plant dry biomass was 26.3 ± 2.46 
g (Table 3).
The number of AMF spores and the carrier material 
play an important role in determining the value of 
plant growth. The number of AMF spores and the 
type of carrier material greatly determine the success 
of inoculation and the effectiveness of the symbiotic 
relationship between AMF and the host plant. Properly 
managing these two factors can significantly improve 
plant growth, health, and productivity. Some carriers 
contain additional nutrients that can support initial 
spore growth and increase the effectiveness of 
inoculation. Adding nutrients in the form of alginate 
is widely used to control the penetration and stability 
of adhesives made from starch and latex and to 
regulate the slow release of chemicals in fertilizers and 
medicines.
Meanwhile, Aloe vera has the potential to add high 
levels of nutrients to plants, as well as growth 
stimulants (ZPT) in the form of the hormones auxin 
and gibberellin, which can increase plant growth. In 
this research, carrier materials in sodium alginate and 
Aloe vera helped protect C. etunicatum spores well; 
even though they were treated with high temperatures 
of up to 60°C, AMF could still grow and function well. 
Previous research reported that C. etunicatum has 
various benefits in increasing growth, nutrient uptake, 
and plant resistance to abiotic stress (Rosita, 2021). 
Temperatures above 40 °C are generally too hot for 
many fungi, including AMF. At very high temperatures, 
fungal cell proteins and enzymes can denature, 
disrupting their function and growth. A temperature of 
60 °C will damage cellular structures and kill AMF and 
many other soil microorganisms. AMF can grow well at 
30ºC, and the best development of spores to produce 
mycelia occurs at 28ºC. Temperature can affect the 
growth and development of AMF. High temperatures 
affect the growth and formation of mycorrhizal 
colonies. The development of most mycorrhizal fungi 
is inhibited if the soil temperature is below 5ºC and the 
temperature above the soil surface is 35ºC. If the soil 

temperature reaches 50ºC, it can kill mycorrhizal fungi. 
From this statement, data was obtained that if the soil 
temperature reaches 50ºC, it can cause death of AMF. 
A good temperature for AMF development is 30ºC, 
but for mycelial colonization, the best temperature 
is 28 - 34ºC (Rumiatun, 2024). Inoculum based on G. 
intraradices spores could remain infectious in moist 
soil for up to three weeks at temperatures as high 
as 380C (Haugen & Smith, 1992). The percentage of 
colonization usually rises in experimental systems 
between 100 and 300C. However, some plant-fungus 
combinations can thrive at much lower or higher 
temperatures (Bowen, 1987). Aryanto et al. (2018) 
stated that 30°C is the optimal temperature for AMF 
growth, which can increase spore production in plant 
feed such as grass. The optimal soil temperature for 
AMF spore production is usually above the optimal 
temperature of the host plant. Temperatures below 
15°C can inhibit mycorrhizal colonization, while 
mycorrhizal activity increases with increasing soil 
temperature. Temperature and nutrition influence the 
growth and production of spores, which greatly affect 
the quality and quantity of spore production. In the 
hydroponic technique, an irrigation system that uses 
nutrient solutions with the right concentration can 
increase the production of AMF biomass and spores. 
The interaction between temperature and nutrition 
is very significant in AMF spore production. Optimal 
temperatures and adequate available nutrients can 
increase spore production. In hydroponic techniques, 
of using an appropriate irrigation system and balanced 
nutrition can maximize AMF spore production (Aryanto 
et al., 2018).

CONCLUSION
The conventional pot culture technique effectively 
increases AMF spore density, and the NFT hydroponic 
technique effectively increases root colonization 
percentage. The E2 treatment with C. etunicatum in 
pot culture generated the highest spore density of 350 
± 6.97 spores per 10 g of zeolite (P<0.05) compared 
to other treatments and control. Meanwhile, the 
hydroponic technique had the highest AMF percentage 
colonization with the E2 treatment at 98% ± 2.66% 
(P<0.05). AMF has a mechanism to grow and reach 
nutritional sources. Spore density value in treatments 
using conventional techniques has higher losses than 
hydroponic techniques because the nutrients are 
placed below the surface of the media.
The formulated AMF inoculum (TZ60F1, TZ60F2, 
TZ40F1, TZ40F2) can increase the growth of Zea mays 
compared to not giving formulated AMF inoculum 
(TK60F1, TK60F2, TK40F2, TK). Compared to other 
treatments and controls, the F1 carrier media (sodium 
alginate and 10% Aloe vera extract), which makes up 
the formulated AMF inoculum treated at a temperature 
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of 60 °C (TZ60F1), had a very significant influence 
on all growth parameters. The most significant plant 
height was 120 ± 1.70 cm, the number of leaves was 
15 ± 0.84, and the largest plant dry biomass was 26.3 
± 2.46 g. Carrier materials in sodium alginate and Aloe 
vera helped protect C. etunicatum spores well; even 
though they were treated with high temperatures of up 
to 60°C, AMF could still grow and function well.

ACKNOWLEDGEMENT
We want to express our deep gratitude to the Ministry 
of Education, Culture, Research, and Technology, the 
Republic of Indonesia, for supporting us through Grant 
DIPA 2021 and funding this research.

REFERENCES
Akmal, N., Yani, W.H., Khasanah, Y.I., and Zuraidah. (2019). 

Komposisi fungi mikoriza arbuskula (FMA) pada 
beberapa jenis pohon di pegunungan Gampong Iboih 
Sabang (Composition of mycorrhizal arbuscula fungi 
(FMA) in several types of trees in the mountains of 
Gampong Iboih Sabang). Prosiding Seminar Nasional 
Biotik, 26-29. DOI: http://dx.doi.org/10.22373/pbio.
v7i1.9703

Aryanto, A.T., Karti, P.D., Prihantoro, I. (2018). Evaluasi 
produksi dan kualitas inokulum fungi mikoriza 
arbuskula yang diproduksi dengan teknik hidroponik 
pada rumput Brachiaria decumbens var. Mullato 
(Evaluation of the production and quality of mycorrhizal 
arbuscule inoculum produced by hydroponic technique 
on the grass Brachiaria decumbens var. Mullato). 
Jurnal Ilmu Nutrisi dan Teknologi Pakan, 16(2):10-19.

Begum, N., Qin, C., Ahanger, M.A., Raza, S., Khan, M.I., 
Ashraf, M., Ahmed, N., Zhang, L. (2019). Role of AMF in 
plant growth regulation: implications in abiotic stress 
tolerance. Frontiers in Plant Science, 10:1068. DOI: 
https://doi.org/10.3389/fpls.2019.01068

Berners-Lee, M., Kennelly, C., Watson, R., Hewitt, C.N. (2018). 
Current global food production is sufficient to meet 
human nutritional needs in 2050 provided there is 
radical societal adaptation. Elementa: Science of the 
Anthropocene,  6:2-14. DOI: https://doi.org/10.1525/
elementa.310

Bowen, G.D. (1987). The biology and physiology of 
infection and its development. In Ecophysiology of 
VA Mycorrhizal Plants. Ed. GR Safi r pp. 27–70. CRC 
Press, Boca Raton, Florida, USA.

Ebrahim, M.K.H. & Saleem, A.R. (2017). Alleviating salt stress 
in tomato inoculated with mycorrhizae: Photosynthetic 
performance and enzymatic antioxidants. Journal 
of Taibah University for Science, 11(6):850-860. DOI: 
https://doi.org/10.1016/j.jtusci.2017.02.002

Haugen, L.M., Smith, S.E. (1992). The effect of high 
temperature and fallow period on infection of mung 
bean and cashew roots by the vesicular-arbuscular 
mycorrhizal fungus Glomus intraradices. Plant and Soil 
145, 71–80.

Hermawan, H., Muin, A., Wulandari, R.S. (2015). Kelimpahan 
fungi mikoriza arbuskula (FMA) pada tegakan Ekaliptus 
(Eucalyptus pellita) berdasarkan tingkat kedalaman di 
lahan gambut (Kelimpahan fungi mikoriza arbuskula 
(FMA) pada tegakan Ekaliptus (Eucalyptus pellita) 
berdasarkan tingkat kedalaman di lahan gambut). 
Jurnal Hutan Lestari, 3(1):124-132. DOI: http://dx.doi.
org/10.26418/jhl.v3i1.9600

Nurlaeli, H. (2012). Enkapsulasi cendawan mikoriza arbuskula 
(CMA) dengan campuran natrium alginat-lidah buaya 
serta uji infektivitas pada inang tomat (Lycopersicon 
esculentum) (Encapsulation of mycorrhizal arbuscule 
(CMA) fungi with sodium alginate-Aloe vera mixture 
and infectivity test on tomato hosts (Lycopersicon 
esculentum). Sebelas Maret University, Surakarta. 
(Doctoral dissertation).

Proia, L., Osorio, V., Soley, S., Köck-Schulmeyer, M., Pérez, S., 
Barceló, D., Romaní, A.M., Sabater, S. (2013). Effects of 
pesticides and pharmaceuticals on biofilms in a highly 
impacted river. Environmental Pollution, 178:220-228. 
DOI: https://doi.org/10.1016/j.envpol.2013.02.022.

Rahayu, Y.R. (2014). The role of mycorrhizae and Rhizobium 
to increase plant tolerance grown on saline soil. 
In Sutrisno, H., Dwandaru, W.S.B., Krisnawan, K.P., 
Darmawan, D., Priyambodo, E., Yulianti, E., Nurohman, 
S., eds. Proceeding of International Conference 
on Research, Implementation and Education of 
Mathematics and Sciences.  Yogyakarta, Indonesia, 
18–20 May 2014, Yogyakarta State University, 195-
202 pp.

Rajput, P., Thakur, A., Devi, P. (2020). Emerging agrochemicals 
contaminants: current status, challenges, and 
technological solutions. In Prasad, M.N.V., eds. 
Agrochemicals detection, treatment and remediation: 
pesticides and chemical fertilizers. Butterworth-
Heinemann, 117-142 pp. DOI: https://doi.org/10.1016/
B978-0-08-103017-2.00005-2.

Rani, L., Thapa, K., Kanojia, N., Sharma, N., Singh, S., 
Grewal, A.S., Srivastav, A.L., Kaushal, J. (2021). An 
extensive review on the consequences of chemical 
pesticides on human health and environment. Journal 
of Cleaner Production,  283:124657. DOI: https://doi.
org/10.1016/j.jclepro.2020.124657.

Richardson, J.R., Roy, A., Shalat, S.L., Von Stein, R.T., Hossain, 
M.M., Buckley, B., Gearing, M., Levey, A.I., German, D.C. 
(2014). Elevated serum pesticide levels and risk for 
Alzheimer disease.  JAMA Neurology,  71(3):284-290. 
DOI: https://doi.org/10.1001/jamaneurol.2013.6030 

Rini, M.V. & Rozalinda, V. (2020). Pengaruh tanaman inang 
dan media tanam pada produksi fungi mikoriza 
arbuscular (Effect of host plants and planting media on 
the production of arbuscular mycorrhizal fungi). Jurnal 
Agrotropika,.  15(1). DOI: http://dx.doi.org/10.23960/
ja.v15i1.4246.

Ristiyanti, A.Y., Maria, V.R., Syamsul, M.A., Sri, Y. (2013). 
Pengaruh pemberian fungi mikoriza arbuskula dan 
kompos limbah kakao pada pertumbuhan bibit kakao 
(Theobroma cacao L.) (Effect of mycorrhizal arbuscule 



98 | BIODIVERS Vol. 3 No. 2, 2024

Spore Production and Inoculum Formulation of Claroideoglomus Etunicatum

and cocoa waste compost on the growth of cocoa 
seedlings (Theobroma cacao L.)). Agroteek Tropika, 
1(2):121-127. 

Rodrigues e Silva, M.T., Calandrelli, A., Miamoto, A., 
Rinaldi, L.K., Pereira Moreno, B., da Silva, C., Dias-
Arieira, C.R. (2021). Pre-inoculation with arbuscular 
mycorrhizal fungi affects essential oil quality and the 
reproduction of root lesion nematode in Cymbopogon 
citratus.  Mycorrhiza,  31(5):613-623. DOI:  10.1007/
s00572-021-01045-2.

Rosita, R. (2021). Pertumbuhan dan kemampuan 
fitoremediasi Brachiaria decumbens Stapf. yang 
diperkaya Claroideoglomus etunicatum dan Bacillus 
sp. pada tanah bekas tambang batu bara (Growth 
and phytoremediation ability of Brachiaria decumbens 
Stapf. enriched Claroideoglomus etunicatum and 
Bacillus sp. on the land of former coal mines). IPB 
University (Master thesis,). DOI: http://repository.ipb.
ac.id/handle/123456789/107606.

Rosita, R., Widiastuti, R., Mansur, I., Faulina, S.A. (2020). 
Potential use of Claroideoglomus etunicatum to 
enrich signal grass (Brachiaria decumbens Stapf.) 
for silvopasture preparation. E-Journal Menara 
Perkebunan, 88(1):61-68. DOI: http://dx.doi.
org/10.22302/iribb.jur.mp.v88i1.364.

Rumiatun.  (2024)  Studi Populasi Dan Keragaman Fungi 
Mikoriza Arbuskular Pada Rizosfer Tanaman Kopi 
Robusta (Coffea canephora Pierre Ex Frochner) di 
Kabupaten Lampung Barat (Study on Population 
and Diversity of Arbuscular Mycorrhizal Fungi in 
the Rhizosphere of Robusta Coffee Plants (Coffea 
canephora Pierre Ex Frochner) in West Lampung 
Regency).  Faculty of Agriculture, University of 
Lampung.

Sastrahidayat, R., Sulistyowati, L., Djauhari, S., Muhibuddin, 
A., Saleh, N. (2010). Biocontrol of  Sclerotium rolfsii 
(caused damping-off disease) on soybean varities 
using Streptomyces sp. and arbuscular mycorrhizal 
fungi. Proceeding of The 8th International Symposium 
on Biocontrol and Biotechnology, Pattaya, Thailand, 
4-6 October 2010, pp. 83-91.

Schüßler, A. & Walker, C. (2010). The Glomeromycota: 
a species list with new families and new genera. 
The Royal Botanic Garden Kew, Botanische 
Staatssammlung Munich, and Oregon State University. 
www.amf-phylogeny.com

Sieverding, E., Friedrichsen, J., Suden, W. (1991). Vesicular-
arbuscular mycorrhiza management in tropical 
agrosystems.  German: Sonderpublikation der GTZ 
(Germany). 

Simanungkalit, R. (2004). Teknologi cendawan mikoriza 
arbuskular: produksi inokulan dan pengawasan 
mutunya. Prosiding Seminar Mikoriza Teknologi dan 
Pemanfaatan Inokulan Endo-Ektomikoriza untuk 
Pertanian, Perkebunan, dan Kehutanan (Technology of 
arbuscular mycorrhizal fungi: production of inoculants 
and quality control). Proceedings of the Seminar 
on Mycorrhizal Technology and Utilization of Endo-

Ectomyrrhizal Inocculants for Agriculture, Plantations, 
and Forestry. Bandung, Indonesia, 16 September 2003, 
Universitas Padjadjaran, page 7-17.

Souza, T. (2015). Handbook of arbuscular mycorrhizal fungi. 
Cham (CH): International Publishing.

Srivastava, P., Saxena, B., Giri, B. (2017). Arbuscular 
mycorrhizal fungi: green approach/technology for 
sustainable agriculture and environment. In Varma, 
A., Prasad, R., Tuteja, N., eds. Mycorrhiza - nutrient 
uptake, biocontrol, ecorestoration. Springer, Cham. 
DOI: https://doi.org/10.1007/978-3-319-68867-1_20

Susanti, R., Suryanti, E., & Rosita, R. (2023). Efektivitas 
Pemberian Berbagai Konsentrasi Pupuk NPK dalam 
Kultur Trapping Fungi Mikoriza Arbuskula terhadap 
Pertumbuhan Tanaman Jagung (Zea mays L.) 
(Effectiveness of Applying Various Concentrations 
of NPK Fertilizer in Mycorrhizal Arbuscula Fungi 
Trapping Culture on Corn Plant Growth (Zea mays 
L.)). In Prosiding Seminar Nasional Biologi (Vol. 11, pp. 
51-57).

Tawaraya, K., Hashimoto, K., Wagatsuma, T. (1998). 
Effect of root exudate fractions from P-deficient 
and P-sufficient onion plants on root colonisation 
by the arbuscular mycorrhizal fungus Gigaspora 
margarita.  Mycorrhiza,  8(2):67-70. DOI: https://doi.
org/10.1007/s005720050214.

Tripama, B., Yahya, M.R. (2018). Respon konsentrasi nutrisi 
hidroponik terhadap tiga jenis tanaman sawi (Brassica 
juncea l.).  Agritrop: Jurnal Ilmu-Ilmu Pertanian 
(Response of hydroponic nutrient concentrations 
to three types of mustard plants (Brassica juncea 
l.).  Agritrop: Jurnal Ilmu-Ilmu Pertanian)(Journal of 
Agricultural Science), 16(2):237-249. DOI: https://doi.
org/10.32528/agritrop.v16i2.1807.

Wulandari, D., Agus, C., Rosita, R., Mansur, I., Maulana, A.H. 
(2022). Impact of tin mining on soil physio-chemical 
properties in Bangka, Indonesia. Journal Sains 
Teknologi Lingkungan, 2(14):114-121. 

Yao, Q., Li, X., Feng, G., Christie, P. (2001). Mobilization 
of sparingly soluble inorganic phosphates by the 
external mycelium of an abuscular mycorrhizal 
fungus.  Plant and Soil, 230(2):279-285. DOI: https://
doi.org/10.1023/A:1010367501363



 BIODIVERS Vol. 3 No. 2, 2024 | 99


