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ABSTRACT
Arbuscular mycorrhizal fungi (AMF) play a significant role in enhancing soil 
health, nutrient uptake and availability in soils. This research aimed to determine 
the status of indigenous AMF on an intensively cultivated agricultural soil 
ecosystem (chili rhizosphere) and a natural forest ecosystem in Garut district, well 
known as a central chili producer in West Java. High tillage of agricultural soil 
may lead to destruction of the soil microbial community in general, therefore a 
forest ecosystem representing an untilled natural soil was used as a comparison 
Soil sampling was done in transects with the length of an ordinate point in every 
100 m on chili cultivated areas and in the natural forest soil ecosystem of Gunung 
Putri.  Five composite soil samples (0-20 cm depth) from each ecosystem were 
taken based on coordinate points. The number of indigenous AMF spores and 
roots colonisation was determined and mycorrhiza species were identified using a 
molecular analysis of the AMF DNA.  The research results revealed that  number of 
AMF spores in the chili rhizosphere soil was greater than in the natural forest soil. 
However, the degree of mycorrhizal colonisation in the rhizosphere under both 
ecosystems was not significantly different. The indigenous Glomus etunicatum 
was identified to be the dominant species in both soil ecosystems. Further research 
needs to investigate the potential  of this  indigenous AMF that could develop as 
biofertilizer for cultivation of chili.
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INTRODUCTION
Chili (Capsicum annum L.) is an important horticultural crop. Recent studies 
indicate that most chili areas are cultivated intensively and depend on a high dosage 
of inorganic fertilisers. The intensive and extensive use of inorganic fertilisers 
accelerates mineralisation of soil organic matter (SOM) and also contributes to 
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environmental problems that include deterioration of soil quality or soil health, 
surface water runoff,  biodiversity loss and a less efficient  ecosystem (Sullivan 
2004; Simarmata 2013, Simarmata et al. 2017).  Recent studied reveal that soil 
health and yield losses of chili are subject to soil borne diseases (Gopal et al. 2005; 
Mendes et al. 2013; Srinivasamurthy et al. 2014). The beneficial microorganism 
population in soil correlates strongly with soil organic matter (Simarmata et al. 
2017).  Low Som will lead to a decline in the beneficial microorganism population 
of the soil food web (Ingham 2004; Sullivan 2004). Arbuscular mycorrhizal fungi 
(AMF) in soil and plant roots may suppress pathogens and reduce the domination 
soil borne diseases significantly (Mendes et al. 2013). Several AMF species have 
been found to control soil -borne pathogens and mycorrhizal colonisation was 
found to increase growth parameters significantly (fresh and dry shoot and root 
weight, shoot and root length and leaf area) in the absence of pathogens (Al-Askar 
and Rashad 2010). AM fungi may contribute to bioprotection against plant soil 
borne pathogens. Bioprotection within AM fungal-colonised plants is the outcome 
of complex interactions between plants, pathogens and AM fungi (Harrier and 
Watson 2004). Microbial parameters are a more effective and consistent indicator 
of management-induced change to soil quality than biochemical parameters 
(Bending et al. 2004; Lumley and Abbott 2014).
 Mycorrhizal fungal hyphae occur both inside roots and the soil surrounding 
the roots. Therefore, the mycorrhizal fungi could be used as biofertiliser for 
increasing the fertiliser efficiency, the growth  and yield  of chili.  Biofertilisers 
contain large populations of specific or a group of beneficial organisms which 
activate the biological process  to form a fertiliser compound or make available, 
unavailable forms of elements or facilitate nutrient availability for plants (Singh 
and Purohit, 2011; Simarmata, 2013; Jehangir et al. 2017; Nicholas et al. 2017).  
Arbuscular mycorrhizal (AM) fungi are well known for their plant growth 
promoting efficiency and providing bio-protection against soil-borne pathogens 
(bacterial, fungal and parasitic nematodes). The inoculation of chili with AMF 
showed that the  Phosphorus content in the shoot was highest at 150% of organic 
manure application with AM plants recording significantly more phosphorus 
content than the non-mycorrhizal plants (Dai et al. 2011).
 AMF are a group of microorganism that form symbiotic associations with 
a wide range of plant species that enhance plant nutrition and growth (Brundrett 
2009; Torres-Ariasa et al. 2017).  Moreover, AMF are able to enhance nutrients 
and water availability, availability of P in acid soils ecosystem up to 75 % and 
are known as a bioprotector of roots (Brundrett, 2009; Ofili et al. 2014). Several 
studies indicate that application of AMF inoculation increases P availability, 
fertiliser efficiency and productivity of various crops, for example, maize, tomato 
and bean) (Singh and Purohit, 2011;  Nicholas et al. 2017; Jehangir et al. 2017).  
 The population of AMF inoculants is  influenced or correlates with plant 
type as host crop and edaphic factors such as soil pH, organic matter content, 
and moisture (Solaiman and Mickan 2014; Brundrett, 2002).The degree of plant 
growth change associated with AM colonisation is expressed as mycorrhizal 
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dependency (MD) and this indicates that the cultivated plant species shows a lower  
MD than the wild species (Tawaraya 2003). The diversity of microbes associated 
with plant roots is enormous, in the order of tens of thousands of species as in 
forest soils. This complex plant-associated microbial community, also referred 
to as the second genome of the plant, is crucial for plant health. Recent advances 
in plant–microbe interactions research reveal that plants are able to shape their 
rhizosphere microbiome, as evidenced by the fact that different plant species host 
specific microbial communities when grown on the same soil (Berendsen et al. 
2012). Soil trapping method (Walker 1999) is one of the ways to obtain an AMF 
culture. By this method, a single or mixed culture of AMF can be obtained from 
each plant trap. In this study, AMF populations from a chili rhizosphere and forest 
soil were isolated using this method and identified using DNA barcode.  This 
research provides a comparison of AMF populations in two rhizosphere types, 
trapping methods, and information of potential species that can be applied as a 
bioagent in biofertilisers.

MATERIALS AND METHODS

Location Characteristics and Soil Sampling
The study to explore and isolate the indigenous AMF was conducted from October 
2016 to February 2017. Soil samples from red chili rhizosphere were obtained 
from a vegetable farm in Rancabango village, Garut (Figure 1), with red chili as 
the main commodity. Forest soil samples were obtained from the mountain forest 
of Gunung Putri, Garut. The mountain slope is covered with dense vegetation 
and is also a conservation area, with the range of the slope ranged 0 to 40%. The 
slope of 71.42% of the overall area (approximately 218,924 ha) is between 8 to 
25%. The soils sample were taken based on transects and coordinate points with 
a distance about 100 m from each sampling (Table 1). Two hundred grams of soil 
(0-20 cm depth) were taken from five location points to obtain one kilogram of 
composite sample. 
 Initial soil analysis (Table 2) revealed that the chili rhizosphere had a 
slightly acidic to slightly neutral pH (6.1-6.6). Both carbon (C) and nitrogen (N) 
were moderate with high total and available phosphate (P) content. The forest soil 
ecosystem had a slightly neutral pH (6.2) and moderate C, N, and P contents.

AMF Spore Trapping and Enumeration
Initial spore analysis was done on a 25-g fresh soil sample and the AMF were 
cultured by the trapping method (Brundett et al. 1996).  Fifty gram of soil sample 
was mixed with 150 g of zeolite (1:3 ratio) to obtain a growth medium. Sorghum 
was planted in the aforementioned medium for six weeks. Three replicates were 
prepared for each soil sample. Upon harvesting, the final number of mycorrhizal 
spores were counted and root colonisation was examined. The next step was to 
use the soil media of the first trapping and mix it with zeolite at a ratio of 3: 
1, (Brundrett 2009; Brundrett 2002). The number of mycorhiza was enumerated 
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TABLE 1
The altitude and coordinate points (longitude and latitude) soil sampling location
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Chili rhizosphere 

GC1 Latitude -7.11487 
Longitude 107.515256 
Altitude 799 m 

GC2 Latitude -7.196860 

Longitude 107.864573 
Altitude 799 m 

GC3 Latitude -7.196961 
Longitude 107.864974 
Altitude 788 m 

GC4 Latitude -7.196897 
Longitude 107.864539 
Altitude 796 m 

GC5 Latitude -7.191058 
Longitude 107.863771 
Altitude 797 m 

 
 
 
 
 

 
Forest ecosystem 

 
GF1 

Latitude -7.20161 
Longitude 107.86857 
Altitude 1020.2 m 

 
 

GF2 

Latitude -7.18181 
Longitude 107.85605 
Altitude 1020.2 m 

 
GF3 

Latitude -7.23162 
Longitude 107.80679 
Altitude 1022.5 m 

 
GF4 

Latitude -7.18176 
Longitude 107.85611 
Altitude 1022.5 m 

 
GF5 

Latitude -7.18166 
Longitude 107.85595 

 
Altitude 

998.1 m 

 

 by wet sieving and sugar centrifugation method. Analysis of samples from each 
location was repeated three times (Brundett 2002). 
 In the sugar centrifugation method, 25 g of soil sample was mixed with 
100-500 ml of water, stirred, and allowed to settle for 30 sec. The suspension was 
filtered with 355, 15, and 45 mesh and rinsed thoroughly with sterilised distilled 
water to release attached spores. Twenty milliliters of suspension was transferred 
into a centrifuge tube and added with 15 ml of water (75%). The tubes were 
centrifuged at 2000 rpm for 5 min. The centrifuged suspension was filtered using 
No. 42 Whatman filter paper into a conical flask and rinsed 2-3 times to release 
all the sugar from the spores. AMF spores were placed on top of a disk plate in 
the same direction and observed through a binocular microscope with 100 times 
magnification. 
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Fig. 1: The regional map of research and soil sampling area of Rancabago village 
and Gunung Putri Forest of Garut, West Java
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Figure 1. The regional map of research and soil sampling area of Rancabago village and 
Gunung Putri Forest of Garut, West Java 
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available phosphate (P) content. The forest soil ecosystem had a slightly neutral pH (6.2) and 

moderate C, N, and P contents.  

TABLE 2. 
Initial soil analysis of chili rhizosphere and forest soil 

Soil sample pH N  
(%) 

Organic-C  Phosphate   CEC 
(cmolckg-1) (%) Total 

(mg kg-1) 
Available 
(mg kg-1) 

Chili rhizosphere 
 GC1 6.67 0.25 2.67 633.2 21.33 32.62 

           Garut District 
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 GC5 6.13 0.13 4.00 528.8 40.35 30.06 

 GF1 6.63 0.12 2.87 544.2 14.35 26.15 

 GF2 6.55 0.15 2.75 544.4 13.33 27.45 

 GF3 6.43 0.13 2.88 545.3 22.32 25.33 

 GF4 6.50 0.15 2.77 555.6 23.22 26.32 

 GF5 6.55 0.14 2.68 554.4 22.23 25.34 

 
AMF Spore Trapping and Enumeration 

Initial spore analysis was done on a 25-g fresh soil sample and the AMF were cultured by the 

trapping method (Brundett et al. 1996).  Fifty gram of soil sample was mixed with 150 g of 

zeolite (1:3 ratio) to obtain a growth medium. Sorghum was planted in the aforementioned 

medium for six weeks. Three replicates were prepared for each soil sample. Upon harvesting, the 

final number of mycorrhizal spores were counted and root colonisation was examined. The next 

step was to use the soil media of the first trapping and mix it with zeolite at a ratio of 3: 1, 

(Brundrett 2009; Brundrett 2002). The number of mycorhiza was enumerated by wet sieving and 

sugar centrifugation method. Analysis of samples from each location was repeated three times 

(Brundett 2002).  

TABLE 2.
Initial soil analysis of chili rhizosphere and forest soil
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AMF Colonisation in Roots
AMF colonisation was examined according to the method described by 
(Gerdemann and Nicolson 1963).  Five root samples were cleaned, and segmented 
into 1 cm fragments.  Two g of samples were weighed and placed in test tubes 
containing 10% KOH solution. Subsequently, the samples were heated for 30-60 
min at 70ºC. After removing the KOH solution from the test tube, the root samples 
were rinsed with distilled water until the water became clear. Hydrochloric acid 
(1%) was added to the test tubes with the sample to obtain good coloration and 
this was followed by the addition of Fuchsin dye until the roots were submerged. 
Finally, glycerin droplets were added to the root surface to improve colonisation 
observation. The AMF colonisation rate was calculated and data were presented 
in percent (%), as described by the following formula (Walker 1999);

 Rate of Colonization = (A/B) x 100 %

where A is the number of infected fragmented roots and B is the total number of 
observed fragmented roots.

Molecular Analysis
DNA barcoding analysis of AMF began with DNA isolation of fungi with Tiangen 
Plant Genomic DNA kit on a 100-mg sample tissue (500 spores). Subsequently, 
the quantity of DNA was calculated following this sequence: electrophoresis, 
spectrophotometer, PCR, PCR qualification and sequencing.

StatisticalAnalysis
The analysis of variance and the differences between the means of number of 
spores and root colonisation were tested using the SPSS 16.0 statistical software 
by Duncan’s test at  95% level of significance. Mycorrhizal spore morphological 
identification was done visually according to the method of Goswani et al. (2018).

RESULTS AND DISCUSSION
Number of Spores
The number of spores of chili rhizosphere obtained from agricultural soils and 
natural forest soils (Figure 2) was influenced by the sampling location (coordinate 
points) (Figures 3 and 4).

 In the case of the chili rhizosphere, a relatively high number of  spores 
(>200 spore 25 g-1) was obtained at GC1, GC2 and GC3, while the lowest spore 
number was obtained at GC4.  But in the forest rhizosphere, a high number 
of spores was only obtained at GF1. At the beginning of the inspection on the  
rhizosphere soil, chili plants showed an average spore count that was as high 
as found in the  natural forest land but after trapping, the average number of 
spores on the rhizosphere soil showed a decrease compared to before trapping 
but the spore count was still  quite high (> 200 spores 25 g-1 chili rhizosphere) 
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Fig. 2:  Sampling of soil rhizosphere: (a) soils amples were takenfrom 4 sites around the 
plant up to 20 cm depth; (b) trapping of AFM using sorghum as the trapping plant

(a) (b)

Fig. 3: Number of spores in the indigenous AFM  of the chili rhizosphere
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Figure 3. Number of spores in the indigenous AFM  of the chili rhizosphere 

 

Figure 4. Total AMF spores compared to total AMF obtained by trapping in a natural forest 

ecosystem 

compared to the spore count of the natural forest land which increased after 
trapping but the number of mycorrhizal spores was almost identical to the number 
of spores in the rhizosphere. This is an indication that the number of spores is 
correlated to soil properties (Table 1) and the plant ecosystem (Brundrett 2009).  
The rhizosphere soil of the chili plants had a lower spore count compared to after 
trapping because the initial condition of the rhizosphere soil was better suited 
to mycorrhizal development because it had a symbiotic relationship with chili 
plants as its host. Moreover mycorrhizae utilise the exudates from plant roots 
to live and produce more spores. A recent study revealed that various factors 
influence the plant response and benefits from mycorrhiza such as host-crop 
dependency on mycorrhizal colonisation, tillage, fertiliser application and 
potential inoculant application  (Brundrett 2009; Solaiman and Mickan 2014).  
As shown in Figure 3, the lowest number of spores was obtained at the GC4 site 
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of the rhizosphere soil of the chili plant.  Moreover, there is the possibility that 
spore number after trapping with sorghum plant may be more or lower than the 
initial examination. It is known that colonisation and formation of AMF spores 
are affected by each host plant root exudate and other factors that affect spore 
formation and  plant growth (Brundrett 2009 ). In addition, trapping with sorghum 
plant in forest soils increased the number of indigenous AMF spores.  The 
increasing number of trapped AMF spores is an indication of mutual symbiosis 
between plant roots andAMF (Brundrett 2002; Jacott et al. 2017). The method 
of trapping spores can stimulate the formationof AMF spores.. The presence of 
mycorrhizal fungi, especially AM, is able to promote the symbiotic association 
with terrestrial plants including agricultural crops. Tillage practices will change 
soil environmental conditions (micro climate) which affect root growth and C and 
N mineralisation. Soil microbial community are subject to and respond quickly to 
change. Consequently, these lead to shifts in soil microbial community structure, 
biodiversity and microbial metabolic activities (Brundrett 1996; Sullivan 2004; 
Mendes et al. 2013; Guo et al. 2016).

Root Colonisation by Trapping Plants
The degree of roots colonisation of the chili rhizosphere and natural forest soils 
was relatively similar (Figure 5) with no significant difference in degree of root 
infection  within both ecosystems. In general, the colonisation rate in the chili 
rhizosphere was relatively higher than in the natural forest soils. It appears that 
root type and diameter do influence mycorrhizal colonisation.  The limited nutrient 
resources (Table 1) and high density of chili roots may stimulate the infection of 
AMF on the host plant (Brundrett 2009; Nicholas et al. 2017).  Moreover, the 
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Fig. 4: Total AMF spores compared to total AMF obtained by trapping
in a natural forest ecosystem
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vesicles were also found in sorghum roots which was used as a trapping plant 
(Figure 6).  Thus, the isolated indigenous mycorrhizae are able to colonise the 
plant and offer the potential to be tested and to developed into a biological agent 
or biofertiliser.
 The morphology of spores is a basis for AMF fungi identification because 
the hyphae and the organs such as arbuscles and vesicles are not specific to species 
(Brundrett 2009; Goswami et al. 2018). The morphological identification of AMF 
was done according to (Goswami et al. 2018). Based on their characteristics such 
as form of spore, colour and ornament of surface spore, the indigenous AMF 
species found  were identified as Glomus sp.(Figure 7 ABC) and Gigaspora 
margarita  (Figure 7 D).

Fig. 5:  The degree of mycorrhizal colonisation in (a) chili rhizosphere and 
(b) natural forest soils ecosystem

Fig. 6: Mycorhizal colonisation of  roots of sorghum which was used as a trapping plant, 
(A) vesicle image and spore form (a). (B) and (C) are mychorrhizal vesicle forms.
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Figure 6. Mycorhizal colonisation of  roots of sorghum which was used as a trapping plant, (A) 

vesicle image and spore form (a). (B) and (C) are mychorrhizal vesicle forms. 
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