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Abstract. Hidayah BN, Herawati N, Aisah AR, Utami NR. 2021. Diversity of fungi associated with rhizosphere of healthy and diseased 

garlic crop. Biodiversitas 22: 1433-1440. Garlic (Allium sativum L.) is an especially important horticultural crop in Indonesia because it is 

used as a cooking spice and for medicines and cosmetic ingredients. It is mostly grown in irrigated highlands; however Indonesian 

production is only supplying at most 17.5% of domestic demand. West Nusa Tenggara (WNT) Province is one of the largest garlic-

producing regions in Indonesia. Currently, garlic cultivation in WNT Province is facing a problem of root rot disease. Therefore, it is 

necessary to investigate the fungi associated with garlic root rot disease. Research was conducted in June – September 2018 and samples 

were collected from Sembalun highlands (1200 m above sea level). Seventeen fungal isolates were collected from the rhizosphere of the 

garlic crops and fourteen of them were identified. The fungi isolated from the rhizosphere of healthy garlic crops were from the genus 

Aspergillus, Penicillium, and Paecilomyces. While the fungi isolated from the rhizosphere of diseased garlic crops were from the genus 

Aspergillus, Penicillium, Paecilomyces, Fusarium, and Phoma. The genus Fusarium and Phoma are well known as plant pathogens. 
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INTRODUCTION 

Microorganisms play an important role in the soil 

ecosystem. Microorganisms in the soil are found in root 

(rhizosphere) and affect soil fertility because they play a 

role in the energy and nutrient cycles, act as decomposers, 

and determine soil health against diseases especially soil-

borne diseases. Microorganisms that inhabit the soil can be 

bacteria, fungi, algae, and protozoa (Rao 1994; Adawiah 

2016).  

The rhizosphere is an area around plant roots that is 

affected by root activity and is rich in microorganisms. The 

study of the rhizosphere is closely related to the anatomy 

and structure of roots, which play a major role through 

exudates and other root deposits. A rhizosphere is a place 

for soil microbial interactions. The regions of the 

rhizosphere are very different from adjacent soil. Microbe 

populations are very large in the rhizosphere, often in 

different quality and quantity from different regions. The 

high microbial population is because the area is very rich in 

nutrients such as amino acids and sugars which are a source 

of nitrogen and carbon. The presence of nutrients is 

essential for the growth and multiplication of soil microbes, 

including root colonizers and antagonists. Some microbes 

found in the rhizosphere area are pathogenic to plants. 

These soil-borne pathogens grow and survive in the soil 

(Haryati 2012). Rhizosphere fungi are a group of microbes 

that have been reported to induce plant resistance to 

various diseases, both soil-borne and air-borne diseases 

(Hyakumachi and Kubota 2003; Purwantisari and Hastuti 

2009). Rhizosphere fungi help plant growth through 

various mechanisms such as increased nutrient absorption, 

as biological control against pathogen attack, and also 

produce growth hormones for plants. Fungi that occupy the 

plant rhizosphere and live on plants as symbionts are 

known as endomycorrhizal and ectomycorrhizal fungi 

(Chanway 1997; Purwantisari and Hastuti 2009). Almost 

every type of plant has a variety of endophytic fungi; 

therefore, it is a high range of biodiversity (Purwantisari 

and Hastuti 2009). Endophytic fungi generally have 

mutualism symbiosis with their host plants. These fungi 

provide benefits to host plants in the form of increased 

growth rates, resistance to pests, diseases, and drought. 

Other species of soil fungi act as plant pathogens (Tanaka 

et al. 1999, Purwantisari and Hastuti 2009). 

Garlic (Allium sativum L.) is a horticultural plant of 

very high economic value. It is the 14th most important 

vegetable crop worldwide and the second most consumed 

plant of the Allium genus worldwide. Garlic is an especially 

important horticultural product in Indonesia because it is 

used as a cooking spice and for medicines and cosmetic 

ingredients. West Nusa Tenggara (WNT) Province is one 

of the largest garlic-producing regions in Indonesia. Garlic 

is mostly grown in irrigated highlands; however Indonesian 

production is very limited and only supplies at most 17.5% 

of domestic demand (Centre for Statistical Bureau 2019). 

Currently, garlic cultivation in the WNT Province is facing 

a problem of root rot disease. This study aims to identify 

fungi associated with healthy and diseased roots of garlic 

crops in the highlands of Sembalun, East Lombok, Indonesia. 
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MATERIALS AND METHODS 

Survey and sampling location 

This research was conducted in June - September 2018. 

Rhizosphere soil samples were collected in the Sembalun 

highlands, Eastern Lombok, WNT Province of Indonesia 

(Figure 1). The samples were determined by purposive 

sampling. The field criteria used for this study were 2-

month-old crops that were healthy earlier and later attacked 

by fungi that caused pink root rot disease. Two types of soil 

samples were taken: garlic rhizosphere soil not affected by 

disease and garlic rhizosphere soil affected by disease 

(Figure 2).  

Laboratory analysis was conducted at the Biology 

Laboratory, Faculty of Mathematics and Natural Sciences, 

Mataram University. Equipment used were: Petri dishes, 

Erlenmeyer flasks, autoclave, incubator, beaker, hoses, 

macro pipette, dropper pipette, pipette tips, Bunsen burner, 

test tubes, sterile cotton stick, ruler, laminar flow cabinet, 

hot plate, stirrer, analytical scales, test tube racks, 

measuring cups, scissors, tweezers, filters, and evaporators. 

Materials used were: soil and roots of garlic, potato 

dextrose agar (PDA), distilled water, cotton, tissue, 70% 

alcohol, paper labels, 96% ethanol, physiological NaCl 

solution, corn paper, wrapping paper, filter paper, 

chloramphenicol as an antibiotic, and aluminum foil. The 

research equipment was sterilized at a temperature of 

121°C for about 15 minutes. 

Preparation of potato dextrose agar (PDA) media 

Potato Dextrose Agar media was prepared by dissolving 

60 mL of potato extract, 6 g glucose, and 6 g agar in 240 

mL distilled water. The media was sterilized by autoclave 

for 15 min at 121°C temperature. 

 

 
 

 

  
  

Figure 1. Map of Lombok Island, Indonesia: Red dots on the upper part of island showing the sampling sites in Sembalun highlands of 

Eastern Lombok District, West Nusa Tenggara Province, Indonesia 
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Figure 2. Two types of rhizosphere soils: A. Healthy garlic rhizosphere soil; B. Diseased garlic rhizosphere soil 
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Isolation of fungi from garlic rhizosphere 

The rhizosphere soil samples were taken from the soil 

attached to or around the root hairs of the garlic plants. 

Isolation of rhizosphere soil from garlic roots was carried 

out by a dilution method. One gram of rhizosphere soil was 

dissolved in physiological NaCl in the first test tube and 

vortexed until homogeneous. Then 1 mL of this 

rhizosphere soil suspension from the first tube was 

transferred to the second test tube to obtain a 10-2 dilution. 

Dilution process was carried out in the same way until 10-5 

dilution was achieved. Then 0.1 mL suspension of 10-3 and 

10-5 dilution was plated in petri dish containing PDA 

media. PDA media containing rhizosphere fungi were 

incubated for 24 hours at room temperature. Every single 

colony that grew then was purified. A pure culture of each 

fungus was maintained on PDA for identification purposes 

(Wain-Tassi et al. 2012). 

Fungal isolate purification and characterization 

Fungal isolates were purified by obtaining spores or 

mycelium and then isolate on PDA media. Incubation was 

carried out at room temperature for 1-3 days. Identification 

was carried out by observing morphological characteristics 

of colony growth, colony color, insulation on hyphae, 

color, and shape of spores and conidiophores. The books 

used to identify the colonies were: Barnett (1962), Barnett 

and Hunter (1998), Hanlin (1990, 1998), and Seifert et al. 

(2011). 

RESULTS AND DISCUSSION 

Isolation and identification of fungi  

The identification of several fungal isolates was based 

on macroscopic and microscopic observations using 40x 

magnifications. Result of macroscopic identification showed 

that ten fungal isolates were found in the rhizosphere of 

healthy garlic crops and seven fungal isolates from the 

rhizosphere of diseased garlic crops. General 

characteristics of fungi isolated from the rhizosphere of 

healthy and diseased garlic crops can be seen in Tables 1 

and 2. Tables 1 and 2 showed that, of the seventeen 

isolates, fourteen were identified to genus level. In the 

rhizosphere of diseased garlic plants, the fungi belonged to 

the genus Aspergillus, Penicillium, Paecilomyces, 

Fusarium, and Phoma. While the fungi isolated from the 

rhizosphere of healthy garlic plants belonged to three 

genera Aspergillus, Penicillium, and Paecilomyces. 

In the Sembalun highlands, seventeen fungal isolates 

were found in the crop rhizosphere. This location is in the 

mountain areas therefore tends to be fertile, natural, and 

high number of microbial populations. The higher the soil 

microbial population, the higher the biochemical activity in 

the soil and the higher the soil quality index. Soil microbial 

populations that are not pathogenic are also considered an 

indicator of environmentally friendly agricultural technology 

(Saraswati and Sumarno 2008; Noerfitryani 2018). 

Saprotrophic fungi in the rhizosphere contribute to plant 

mineral nutrition (Baum and Hrynkiewicz 2006; 

Noerfitryani 2018). 
 

 

 

Tabel 1. Characteristics of fungi isolated from rhizosphere of healthy garlic crop 

 

 

Isolate 
Surface Hyphae with 

septate / not 
Conidia Genus 

Shape Color 

HG 1 Round /graduated circle Green Septate Round Aspergillus 

HG 2 Round Brown Septate Round Aspergillus 

HG 3 Round Gray with a white center and edges Septate Round Penicillium 

HG 4 Round Greenish gray Septate Round Aspergillus 

HG 5 Round White  Round Paecilomyces 

HG 6 Round White like cotton Septate Round Paecilomyces 

HG 7 Round Gray with white border Septate Round Aspergillus 

Note: HG: Isolate from the rhizosphere of healthy garlic crop 

 

 

Tabel 2. Characteristics of fungi isolated from rhizosphere of diseased garlic crop 

 

Isolate 
Surface Hyphae with 

septate / not 
Conidia Genus 

Shape Color 

DG 1 Round White with black on top Septate Fruits bodies like brooms with round conidia Penicillium 

DG 2 Round White with red on top Septate Round Phoma 

DG 3 Round Gray Septate - Unknown 

DG 4 Round Gray black Septate - Unknown 

DG 5 Round Black / gray edge Septate Round Unknown 

DG 6 Round Gray pink Septate Round Aspergillus 

DG 7 Round White like cotton Septate Fruits bodies like brooms with round conidia Penicillium 

DG 8 Round White like cotton Septate Round at the end of the sterigma Paecilomyces 

DG 9 Round Black Septate Crescent shape, slightly pointed tip Fusarium 

DG 10 Round Yellowish-brown Septate Tiny little round together Aspergillus 

Note: DG: Isolates from the rhizosphere of diseased garlic crop 
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The genus of Aspergillus 

Aspergillus is a fungus that belongs to the Ascomycetes 

class which can be found everywhere in nature. It grows as 

a saprophyte in decaying plants and is also present in soil, 

organic dust, food and is a common contaminant found in 

laboratory hospitals. Aspergillus is a fungus that forms 

long, branched filaments and in the culture, medium forms 

mycelia and conidiospores. Aspergillus reproduces by the 

formation of hyphae or shoots and produces spore-forming 

conidiophores (Crystovel 2016). 

The characteristics of Aspergillus are having septate 

hyphae and branched mycelium, while the hyphae that 

appear above the surface are fertile hyphae. Conidiophores 

are septate or nonseptate, upright, simple, radiating from 

the tip or the entire surface. At the end of the hypha a 

bubble appears, out of this bubble, the sterigma appears. 

Conidium appear on sterigma are arranged sequentially to 

resemble a string of pearls (Figure 3). Conidia are generally 

black, brown, and dark yellow color. On PDA media, 

colonies were round, light green to dark green, brown, and 

black color. Microscopically, conidia were round with 

septate hyphae (Barnett and Hunter 1998; Crystovel 2016). 

Aspergillus is a fungus that is commonly found in soil, 

grows quickly, and is antagonistic to other fungi. The 

antagonistic mechanism of the fungus occurs by means of 

competition, mycoparasitic, and antibiosis. The culture can 

be obtained by isolating it from the soil (Abadi 2003; 

Adawiah 2016). Aspergillus produces the antimicrobial 

compounds mevionin and aspersillin (Gandjar et al. 2006). 

According to Dwijoseputro (1978) in Adawiah 2016, 

Aspergillus can play a role in anchoring free N from the air 

and dissolving phosphate in the soil that can be used as 

organic nutrients by crops.  

Another study by Sopialena et al. (2018) found that 

Aspergillus sp. and Fusarium sp. were represent a large 

part of endophytic fungi in tropical soil both in ramps and 

sloping/hilly areas in East Kalimantan, Indonesia. 

However, sloping/hilly area has higher diversity of 

endophytic fungi compared to ramps area. In addition, 

Nelly et al. (2019) reported that Aspergillus sp obtained 

from rhizosphere of maize plants has potential as 

entomopathogenic fungi toward Tenebrio molitor larvae. 
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Figure 3. Conidiophore (1), sterigma (2) and conidia (3) isolate of HG 1 (A), HG 2 (B), HG 4 (C), HG 7 (D), DG 6 (E), and DG 10 (E) 

at 40x magnifications 
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The genus of Penicillium 

Penicillium is a genus of the order Hyphomycetes, 

phylum Ascomycota. Penicillium reproduces asexually by 

forming a conidium at the end of the hyphae. Penicillium is 

a soil fungus that exists in various types of soil. Colonies 

on PDA were round and white in color. The color of the 

young colony was white and the mature colony was dark 

green. The reverse side of the young colony was pinky-

white in color, while the reverse of the mature colony was 

green white. These morphological characteristics were in 

line with Penicillium isolated from rhizosphere of eggplant 

(Nuraini et al. 2017). Hyphae were septate, rounded 

conidia attached to conidiophores. Penicillium conidia 

resemble glass beads when viewed under a microscope 

(Figure 4). 

Several species of Penicillium produce poisons in 

food/animal feed which cause poisoning in humans and 

animals (Tola and Kebede 2016). Penicillium is common 

found in soil, grows quickly, and is antagonistic to other 

fungi. The antagonistic mechanism of the fungus occurs by 

means of competition, mycoparasitic, and antibiosis. The 

culture can be obtained by isolating it from the ground 

(Abadi 2003). Nuraini et al. (2017) reported that 

Penicillium sp was capable of producing active compounds 

to inhibit growth of pathogenic fungi such as Fusarium 

oxysporum by an antibiosis mechanism. 

The genus of Paecilomyces 

Paecilomyces is a genus of fungi of the order 

Eurotiales, phylum Ascomycota. The genus Paecilomyces 

can be distinguished from the genus Penicillium although it 

is closely related, being from the same phylum. The 

difference is that Paecilomyces has different length and 

slender phialides and its colonies are usually never green. 

Colonies on PDA media were round and showed white 

mycelium. Conidia were round with septate hyphae (Figure 

5). According to Crystovel (2016), the microscopic 

morphology of Paecilomyces variotii suggests chains of 

single-celled phialoconidia (ameroconidia) are produced in 

a basipetal succession of phialides. Conidia are formed in 

chains with the youngest at the base called basocatenate. 

The phialides have swollen bases that gradually taper 

towards the apex and can form a brush-like penicillus. 

Paecilomyces is a cosmopolitan filamentous fungus 

isolated from decaying soil and plant matter and is often 

associated with spoilage of food and cosmetic products 

(Urquhart et al. 2018).  

Paecilomyces sp is a new chitinolytic fungal strain that 

produced extracellular chitinase activity (Homthong et al. 

2016). Chitinases are produced as competition and defense 

mechanisms against other fungi or to colonize other 

arthropods including insects (entomopathogenic fungi). 

Paecilomyces sp also involved in mycoparasitism by 

mycoparasitic fungi (Homthong et al. 2016). 
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Figure 4. Septa (1), Conidia (2) and Sterigma (3) isolate of DG 1 (A), DG 3 (B) and HG 4 (C) at 40x magnifications. 
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Figure 5. Septa (1), Conidia (2), Sterigma (3) Conidiophore (4) on the isolate of HG 5 (A), HG 6 (B), and DG 8 (C) at 40x 

magnifications 
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The genus of Fusarium 

Fusarium is a genus from the order Hypocreales, 

phylum Ascomycota. Fusarium is characterized as having a 

body structure in the form of branched, hyaline and septate 

mycelium with a diameter of 2 microns. Macroscopic 

features of Fusarium on PDA include black surface and 

round colonies. Microscopically, hyphae were septate, 

conidia having crescent-shaped with slightly pointed tip. 

Microconidia were formed from phialides, have a fine 

structure and a cylindrical shape, and consist of 2 or more 

cells that have thick cell walls (Figure 6). Microconidia 

generally consist of 1-3 cells, are round or cylindrical, and 

arranged into chains or clots (Hibbett 2007). The genus 

Fusarium consists of a high number of species that include 

plant pathogens, some of which cause disease in several 

agricultural crops. Mycotoxins produced by Fusarium can 

contaminate produce and so can also be harmful to humans 

and animals (Moretti 2009). 

Fusarium is a very detrimental fungus because it can 

attack onions, chilies and other crops, from germination to 

maturity (Mishra et al. 2014). Although known primarily as 

soil-borne pathogens, this fungus can also infect, through 

wounds, other organs such as stems, leaves, flowers, and 

fruits. Apart from transmission of disease from spores 

found in the soil, infection can also occur through spores 

carried by wind and water (Adawiah 2016). 

The genus of Phoma 

Phoma is a genus the order Pleosporales, phylum 

Ascomycota. Members of this genus are characterized by 

colorless and unicellular spores. Macroscopic morphological 

characteristics of Phoma on PDA media include white 

surface with red spots and round colony. Microscopically, 

conidia were round, with septic hyphae (Figure 7B). Pycnidia 

are black in color and depressed on host tissue. The Phoma 

species are ubiquitous and common inhabitants of the soil. 

Species of the genus Phoma can periodically infect plants 

by causing root infections and various blotches. In addition, 

Phoma species have also been reported as invasive opportunistic 

pathogens in humans. Various agronomic plants have a 

significant range against species of the genus Phoma (Rai 

2014). The pink root disease of garlic crops is a new threat 

to garlic cultivation in the Sembalun highlands, East Lombok.  

The pink root disease in garlic crops is caused by soil-

inhabiting fungi, one of which is Phoma terrestris 

(Nischwith and Dhiman 2012). Garlic crop appeared 

stunted and foliage may show symptoms of nutrient 

deficiencies and stress. Severely affected seedlings may 

die. The outer bulb scales may become infected and 

develop pink or red blemishes or water-soaked rots (Figure 

7A). Pink rot is known as severe disease in tropical and 

sub-tropical regions. This pathogen affects many crops, 

including eggplant, pepper, tomato, legumes, spinach, 

carrot, crucifers, and cucurbits. Even grain crops such as 

maize, millet, and sorghum (Koike et al. 2007).  
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Figure 6. Septa (1), Macro conidia (2), Micro conidia (3) isolate of DG 9 (A, B) at 40x magnifications. 
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Figure 7. The pink root disease symptom in garlic root (A), Hyphae (1), Conidia (2) isolate of DG 2 (B) at 40x magnifications. 
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Phoma sp also known to produced metabolites with 

herbicidal activity against bio indicated species of plants 

and weeds. It has a great potential for producing 

metabolites in the formulation of a bioherbicide for pre-

emergence and post-emergence of weed as Bidens pilosa, 

Conyza canadensis, and Amaranthus retroflexus (Todero et 

al. 2018). 

In conclusion, fourteen fungal isolates out of seventeen 

were identified at the genus level. The fungi found in 

diseased garlic crop rhizosphere were of the five genera 

Aspergillus, Penicillium, Paecilomyces, Fusarium, and 

Phoma. While in the rhizosphere soil of healthy garlic 

crops, fungi belonging to the genera Aspergillus, 

Penicillium, and Paecilomyces. Each genus has its own 

role for the environment, both beneficial and detrimental. 

The fungi harmful to the garlic crops are from the genus of 

Fusarium and Phoma. It is thought to be the Fusarium 

oxysporum and Phoma terestris species that causes pink 

root rot. For further research, it is suggested that the fungi 

isolated should be identified at the species level using 

molecular characterization and exploring the controlling 

strategies of the diseases. 
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