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Abstract. Mahulette AS, Alfian A, Kilkoda KA, Lawalata IJ, Marasabessy DA, Tanasale VL, Makaruku MH. 2021. Isolation and 
identification of indigenous Arbuscular Mycorrhizal Fungi (AMF) of forest clove rhizosphere from Maluku, Indonesia. Biodiversitas 22: 
3613-3619. Forest clove is classified as wild-type and endemic to the Maluku (Moluccas) Islands, Indonesia. The different condition of 
growing areas causes various types of Arbuscular Mycorrhizal Fungi (AMF) associated with forest clove. The study aimed to identify 
and obtain indigenous AMF inoculums from the forest clove rhizosphere from two distribution areas in Maluku. The results of AMF 
identification found two types of spores from the genus Glomus in the rhizosphere of forest cloves from Ambon Island with a spore 

density of 35/50 g of soil. In comparison, three spores were found in Seram Island, two from the genus Scutellospora and one from the 
Acaulospora. With an overall spore density of 5/50 g of soil. After culture trapping, there was a change in type and an increase in spore 
density in soil samples from the rhizosphere of the two forest clove distribution areas. Soil samples from Ambon after trapping culture 
obtained two new types of spores from the genus Acaulospora with a total spore number of 57/50 g soil while in soil samples from 
Seram found three new types of spores from the genus Glomus with a total spore count of 104/50 g of soil. 
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INTRODUCTION 

Clove (Syzygium aromaticum L.) is one of the leading 

commodities in Maluku (Moluccas) (Alfian et al. 2019; 

Mahulette et al. 2019a;  Hariyadi et al. 2020). However, 

clove production is still around 40-60% of the potential 

production of plants (Mahulette et al. 2019b). Chemical 

fertilizers can increase the productivity of cloves, but their 

use in the long term can harm the environment and the 

quality of crop yields. Biological agents such as 
mycorrhizae can be applied to increase productivity and 

quality of clove in the long term (Putri et al. 2016; 

Thomsen et al. 2021). Arbuscular mycorrhizal fungi 

(AMF) are symbiotic with plants (Wang et al. 2017; Meng 

et al. 2021). AMF can facilitate the uptake of mineral 

nutrients such as phosphorus and nitrogen by increasing the 

absorption surface area and mobilizing nutrients (Wang et 

al. 2017; Ishaq et al. 2021; Nacoon et al. 2021). 

AMF is classified into the phylum Glomeromycota, 

class Glomeromycetes, four orders Glomerales, 

Diversisporales, Paraglomerales, Archaeosporales with 11 
families, and 17 genera (Tuheteru et al. 2019; Ibou et al. 

2021). AMF can be used as a biological agent because it 

assists nutrient absorption, protection against root 

pathogens infections, increasing water availability for 

plants, and increasing growth hormones (Setyaningsih et al. 

2020; Ishaq et al. 2021; Meng et al. 2021; Nacoon et al. 

2021). The use of AMF in cloves has previously been 

reported by Putri et al. (2016) by using mycorrhizal 

micover. The use of indigenous AMF derived from the 

rhizosphere of the clove has never been reported. 

 Forest clove is an endemic plant from the Maluku 

Islands (Hariyadi et al. 2019; Mahulette et al. 2020a, 

2019b, 2020b, 2019a). The fast growth and robust root 

system allow the association of this clove with AMF 

(Hariyadi et al. 2019; Mahulette et al. 2019b, 2020a). AMF 

from the forest clove rhizosphere has the potential to be 
explored as a biological agent in supporting clove 

productivity. The distribution area of forest cloves in 

Maluku includes Ambon Island (Hitulama and Hitumesing 

villages) and Seram Island (Latu and Hualooi villages) 

(Mahulette et al. 2019a, 2019b, 2020a). It is possible to 

find mycorrhizae with different types and densities in two 

different distribution areas. According to Asmelash et al. 

(2021) and Thomsen et al. (2021), the presence of AMF is 

strongly influenced by the type of host plant, spore type, 

and environmental factors such as soil.  

The presence of AMF in forest clove rhizosphere has 
not been studied. The AMF can be used as a biological 

agent to support the growth and productivity of cloves. 

Therefore, the isolation, identification, and propagation of 

AMF from the rhizosphere of forest cloves need to be 

carried out. The study aims to obtain a forest clove 

indigenous AMF inoculum to be used as a biological agent 

in supporting the growth and productivity of clove in the 

future. 
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MATERIALS AND METHODS 

AMF observations on forest clove roots from nature 

Identification of AMF in forest clove root from nature 

samples was carried out at the Laboratory Pusat Antar 

Universitas (PAU) IPB University, Bogor, Indonesia. 

Preliminary identification was carried out to prove the 

association of forest clove with AMF before isolation. 

Preliminary identification of root samples was carried out 

through root staining techniques. The roots were cleaned 

from nature and then soaked in a 10% (w/v) KOH solution 
for one day until they looked white. The roots were 

removed and washed under running water, soaked in 2% 

HCl solution for 3-4 minutes without washing. 

Furthermore, the roots were immersed in a trypan blue 

solution (trypan blue 0.25 g in 475 mL of lactic acid and 25 

mL of distilled water) for one day. The roots were cut ±1 

cm and placed in a row on the object-glass, coated with a 

cover glass (one object-glass for ten root pieces). 

Subsequently, the root sections were observed with a 

microscope, and the colonized root sections were recorded, 

which were characterized by the presence of hyphae, 
arbuscular, and vesicles.  

Soil sampling 

Soil sampling for isolation and identification of 

mycorrhizae was carried out from areas around the roots 

(rhizosphere) of forest clove in two distribution areas of 

Maluku, namely Ambon Island and Seram Island. Soil 

samples from the forest clove rhizosphere in each region 

were taken at 5 points diagonally in an area of 20 m x 20 

m. Each point of the forest clove rhizosphere was taken 

with a depth of 0-20 cm from the ground surface and then 

composited. A sample of 500 g of composite soil was put 
into a labeled plastic bag for isolation and identification of 

AMF (Nusantara et al. 2012). 

Spores isolation and AMF identification 

Isolation and identification of AMF spores were carried 

out at the Mycorrhizal Laboratory, Department of 

Silviculture-IPB University. AMF isolation was carried out 

to separate spores from soil samples so that AMF 

identification could be carried out to determine the AMF 

spore genus. Identification of AMF spores referred to filter-

cast technique and followed by centrifugation Nusantara et 

al. (2012). The procedure for this pour-filter technique is to 

mix 50 g of soil sample with 200-300 mL of water, then 
stir until the soil grains are crushed. Furthermore, it was 

filtered in a set of stratified sieves with sizes of 410 µm, 

125 µm, and 45 µm, respectively, from top to bottom. The 

top filter is sprayed with tap water to make it easier for 

spores to escape. Then the top filter was removed, and 

some of the soil remaining on the bottom filter was 

transferred to a centrifuge tube. The spore isolation of the 

pour-filter technique was followed by the centrifugation 

technique of Nusantara et al. (2012). 

The filter results in a centrifuge tube were added with 

60% glucose using a pipette. The centrifuge tube was 
tightly closed and centrifuged at 2500 rpm for 5 minutes. 

Furthermore, the supernatant and pure water were poured 

into a plastic funnel that had been lined with millipore 

paper. The water would penetrate the paper and fall into the 

glass bottle, and then the filtered spores were 

washed/cleaned with water from a spray bottle to prevent 

spore lysis. Then the millipore paper containing the spores 

was folded and put back into the film bottle for 

identification purposes. Millipore paper was removed with 

tweezers, opened on a petri dish, and then observed under a 

microscope to calculate spore density and spore types 

according to size, shape, color, and other ornaments. Spore 
density is calculated by the formula: 

 

AMF Trapping 

AMF trapping was carried out in the greenhouse of the 

Department of Silviculture IPB University. The trapping 

technique follows Nusantara et al. (2012) method using 

small culture pots with a diameter of 6 cm. The soil media 

mixture of ±50 g of soil samples and ±120 g of zeolite 1-2 

mm. The culture pot was filled with zeolite up to half the 

pot volume (100 g), then added soil sample (50 g) and 

covered with zeolite to half the pot volume (50 g), so that 

the planting medium was composed of zeolite-soil sample-

zeolite. 
Pueraria javanica seeds as host plants are first soaked 

in Bayclin solution for 5-10 minutes to sterilize the surface. 

Then the seeds were soaked in warm water for ± 24 hours 

to break the dormancy. Furthermore, the seeds were 

planted in the nursery for ± ten days. After that, the sprouts 

were transferred directly to culture pots. Culture 

preservation includes watering, providing nutrients, and 

controlling pests. The nutrient solution used was red 

hyponex (25-20-20) with 1 g per 2 liters of water 

concentration. The provision of the nutrient solution was 

carried out every week as much as ± 20 mL per culture pot. 
After the culture is six months old, harvesting is carried out 

to obtain spores. The variables observed at this stage were 

the type of spores and the number of spores per 50 g of 

growing media. 

Data analysis 

Isolation and identification of AMF were carried out on 

soil samples from the forest clove rhizosphere area from 

two forest clove distribution locations in Maluku and soil 

samples from trapping cultures. The data obtained on the 

type and density of AMF spores were analyzed 

descriptively. 

RESULTS AND DISCUSSION 

Observation of AMF colonization on forest clove root 

samples from nature  

The results of preliminary observations confirmed that 

forest cloves are associated with endomycorrhizae (Figure 

1). The observations of root samples showed arbuscular, 

vesicle, hyphae, and spore. Endomycorrhizal fungi are also 

known as Arbuscular Mycorrhizal Fungi (AMF) or 
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vesicular mycorrhizae (Lara-Capistran et al. 2021; Meng et 

al. 2021; Sukmawati et al. 2021). They form distinctive 

oval structures called vesicles and branched called 

arbuscular. Hyphae and arbuscular structures function in 

exchanging nutrients between plants and their hosts, while 

the vesicle structure serves as a storage place for food 

reserves (Piliarová et al. 2019; Sukmawati et al. 2021). 

AMF is characterized by hyphae that develop around the 

roots but do not cover the root surface or a mantle. Instead, 

AMF hyphae penetrate the root cortex and develop 
arbuscular and vesicle structures. 

Arbuscular Mycorrhizal Fungi (AMF) is a mutualistic 

symbiosis between fungi and plant roots (Lara-Capistran et 

al. 2021). AMF facilitates the uptake of phosphorus and 

nitrogen by increasing the absorption surface area and 

mobilizing nutrients. Plants associated with mycorrhizae 

perform as essential carbon sources for mycorrhizal growth 

(Wang et al. 2017). AMF plays a role in increasing the 

absorption of nutrients, especially phosphorus, making soil 

aggregates more stable, as a bio-regulatory agent, 

increasing groundwater absorption and as a biological 
control agent (biocontrol) as well as being able to absorb 

and store heavy metals in the vacuoles, vesicles, and 

hyphae (Prayudyaningsih et al. 2019; Setyaningsih et al. 

2020; Chaiya et al. 2021; Ishaq et al. 2021; Meng et al. 

2021; Nacoon et al. 2021; Wu et al. 2021).  

Isolation and identification of AMF spores in forest 

clove rhizosphere. 

The results of the isolation and identification of 

mycorrhizal spores in soil samples from the rhizosphere 

area in both forest clove distribution areas showed that 

there were variations in the type and density of spores. The 
identification results showed that the genus Glomus was 

only found in the soil samples from Ambon with a higher 

spore density (35 spores). In comparison, the soil samples 

from Seram only found the genus Scutellospora and 

Acaulospora with low spore density (5 spores) (Table 1). 

The condition of the Ambon region supports the AMF 

colonization process of the Glomus. It supports the 

germination process for the formation of new spores. The 

genus Glomus is classified as a mycorrhizal type with a 

wide distribution found in almost all ecosystems (Ibou et 

al. 2021; Lara-Capistran et al. 2021; Sukmawati et al. 

2021). While the genera Scutellospora and Acaulospora 

have limited distribution (Ibou et al. 2021; Lara-Capistran 

et al. 2021; Sukmawati et al. 2021). 

The different types and densities of AMF spores in the 

two regions were strongly influenced by environmental 

factors, especially climate and soil (Alimi et al. 2021; 

Meng et al. 2021; Nacoon et al. 2021; Piliarová et al. 

2019). Piliarová et al. (2019) and Nacoon et al. (2021) 

stated that the presence of AMF is strongly influenced by 

the type of host plant, spore type, and environmental 

factors such as soil. Soil is the most influential factor in the 
different types and spore density (Table 2). Soil factors 

such as soil texture and structure, N and P nutrients, water, 

and pH significantly affect the distribution of mycorrhizae 

(Husna et al. 2015; Lara-Capistran et al. 2021; Nacoon et 

al. 2021; Piliarová et al. 2019). 

The clay texture with a pH close to neutral on the soil 

from Ambon caused the mycorrhizae to be dominated by 

the Glomus. In contrast, the sandy clay texture with a 

slightly acidic pH in the Seram soil was dominated by the 

Acaulospora and Scutellospora. Soils dominated by the 

clay fraction are suitable for the development of Glomus, 
which has a small diameter size, while the sandy texture is 

suitable for mycorrhizae which have larger spore sizes such 

as Acaulospora, Scutelospora, and Gygaspora (Ibou et al. 

2021). pH >5.0 is identified as suitable for Glomus 

mosseae (Suada et al. 2018; Ibou et al. 2021; Sukmawati et 

al. 2021). Acaulospora is more adaptive to acid soils with 

pH <5 (Ibou et al. 2021). 

Isolation and identification of AMF spores from 

trapping culture 

The results of the trapping culture of soil from Ambon 

and Seram showed a change in types and spore density 
before and after trapping culture (Table 3). The results of 

trapping culture on soil samples from Ambon obtained 

three types of spores, namely Acaulospora sp.1, 

Acaulospora sp.2, and Glomus sp. 1. These results showed 

that the genus Glomus from 2 types of spores was reduced 

to 1 type of spore after trapping culture and adding two 

new types of spores from the genus Acaulospora. The same 

condition also occurred in the soil sample from Seram after 

trapping culture, where three genera Glomus were obtained 

and the previous two genera, Scutellospora and 

Acaulospora, were not found. 

 
 

  
A B C D 

 
Figure 1. Endomycorrhizal infection in forest clove roots (AMF). A. Arbuscule structures, B. Vesicles, C. Hyphae, D. Spores. 
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 Table 1.  Type and density of AMF spores from nature sample 
 

Name Spore type Morphological description 
No. of spores/ 

50 g soil 
Location 

Glomus sp.1 

 

Spores are reddish-brown, loose clusters, 80-
90 x 80-90 µm in diameter. 

32 
 
 

 
 

Ambon 

Glomus sp. 2 

 

The spore has a complex sporocarp, loose, 
dark brown and spore diameter 400 x 400 
µm. 

3 
 
 
 
 
 
 

Ambon 

  Total spores/50 g soil from Ambon 35  

  

Scutellospora sp.1 

 

The spores are transparent, round, 300 x 300 
µm in diameter; there is a bulbous suspensor 
and a yellow-brown germination shield (on 

mature spores). 

2 
 
 

 

Seram 

Scutellospora sp. 2 

 

Spores are transparent, oblong, with a 420 x 
460 µm; there is a suspensory boulbus, 
which has a clear spore-wall and germinal 
wall. 

2 
 

Seram 

Acaulospora spp 

 

Spores are transparent, spore-wall ornate, 
300 x 300 µm diameter. 

1 Seram 

  Total spores/50 g soil from Seram 5  

 
 
Table 2. Ecological factors at the location of forest cloves in 
Maluku 
 

Ecological Factors 
Area 

Ambon Seram 

Climate 
Rainfall (mm/year) 5401.00 2783.70 
Daily air temperature(Co) 27.03 26.90 
Daily air humidity (%) 85.60 87.00 

Soil 
Texture Clay Sandy clay 
pH 6.56 5.36 
Water content (%) 4.40 1.72 
C organic (%) 2.38 2.79 
N-Total (%) 0.25 0.27 
P2O5 (ppm) 29.87 6.50 
K2O (ppm) 88.52 27.84 

The change in spore type before and after trapping 

culture is caused by some spore types inoculated during the 

trapping culture that did not develop. The undeveloped 

spore types consisted of 2 genera, Glomus in the soil 

sample from Ambon and two Scutelospora, and one genus 

Acaulospora in the soil sample from Seram. The type of 
spore is only germinated to hyphae but then dies because it 

does not infect the host plant in trapping culture. 

Mycorrhizal hyphae could only survive for 20-30 days 

without association with the host plant (Sukmawati et al. 

2021; Thomsen et al. 2021). The infectivity and 

effectiveness of mycorrhizae are primarily determined by 

biotic factors such as the type of mycorrhizae, the host 

plant, microbial interactions, the type of soil of the host 

plant, and the composition between fungi and abiotic 

factors such as environmental factors, especially soil 
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(Piliarová et al. 2019; Lara-Capistran et al. 2021; Meng et 

al. 2021). 

The addition of new spore types and densities in both 

soil samples after culture trapping was due to under-

controlled and stable greenhouse conditions. Some spores 

that had not germinated at the time of collection from the 

field germinated and formed new spores. Controlled and 

stable greenhouse conditions will increase the germination 

of spores that have not germinated before to increase the 

formation of new spores (Nacoon et al. 2021; Sukmawati et 

al. 2021). It is also supported by using the host plant 

Pueraria javanica for spore propagation in trapping 

cultures to encourage the germination of new spores that 

are compatible with the roots of the host plants. Pueraria 

javanica is widely used in inoculum propagation because it 

has many roots and is tolerant of acid and alkaline soil 

properties (Yusril and Burhanuddin 2018; Nurhayati 2019). 

 
 

 

Tabel 2.  Type and density of AMF spores from trapping culture 
 

Name Spore type Morphological description 
No. of spores/ 

50 g soil 
Location 

Acaulospra sp.1 

 

The spores are transparent, round, 120-180 x 
120-180 µm in diameter, the spore-wall is 

decorated with ornaments like spots. 

9 
 

 
 

Ambon 

Acaulospora sp. 2 

 

Spores are round, yellow-brown with large 
size (240-300 x 240-300 µm diameter), 
spore-wall surface ornate like orange peel. 

6 
 
 

Ambon 

Golumus sp.1 

 

Spores are round, reddish-brown, 90-120 x 
90-120 µm in diameter, visible germination 
tube on hyphae attachment, forming only a 
spore-wall layer.  

42 
 
 
 

Ambon 

  Total spores/50 g soil from Ambon 57  

Golumus sp. 1 

 

The spores are round, 200 x 200 µm in 
diameter, yellow-brown and have a 
pronounced spore-wall coating.  
 

 

18 Seram 

Golumus sp. 2 

 

Spores are round, formed in closely spaced 
series, 120 x 120 µm in diameter, forming 
only a spore-wall layer. 

56 Seram 

Golumus sp. 3 

 

Spores are formed in roots, oval, yellowish, 
120 x 200 µm in diameter. 

30 
 
 
 

 

Seram 

  Total spores/50 g soil from Seram 104  
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The results showed an increase in spore densities before 

and after culture trapping in both soil samples. The spore 

density in soil from Ambon increased from 35 to 57 

spores/50 g soil after culture trapping. The same increase 

also occurred in Seram soil, where there was an increase in 

spore density from 5 to 104 spores/50 g soil. 

Trapping culture showed that the number of spores 

formed in the Seram sample was higher than Ambon. The 

genus Glomus has wide adaptability and has a wide host 

range to sporulate quickly during trapping culture. 

According to Piliarová et al. (2019) and Ibou et al. (2021) 
the genus Glomus is a type of spore with a wide host range 

and is dominantly found in various environmental 

conditions. Furthermore, according to Sukmawati et al. 

(2021) and Lara-Capistran et al. (2021), the distribution 

pattern of the AMF genus is different, where there are 

specific genera with a vast distribution, and there are 

genera with limited distribution. The genus that has the 

widest distribution is Glomus. 

The conclusion of the study reported the types of AMF 

spores associated with forest clove plants. The results 

obtained information that found two types of spores from 
the genus Glomus in the forest clove rhizosphere area from 

Ambon Island with a spore density of 35/50 g soil. In 

comparison, three spores were found in Seram Island, 

namely two from the Scutellospora genus and one from 

Acaulospora, with an overall spore density of 5/50 g of 

soil. Trapping culture caused changes in spore type and 

increased spore density in soil samples from the 

rhizosphere of the two forest clove distribution areas. 
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