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Arbuscular Mycorrhizal (AM) fungi are of considerable interest because of their ability to form 

symbiotic associations with various crops species. This study was carried out to find the 

occurrence and abundance of AM fungi in agricultural fields of Madurai district. Different AM 

fungal spores were isolated from the rhizosphere soil along with the roots of different crops 

growing in this region. Soil samples in this region exhibit varied physico-chemical parameters 

which correlate with Arbuscular Mycorrhizal Fungi (AMF) infection and spore count. The 

highest number of spore count (410±1.15) and high infection percentage (80.1±1.07 %) were 

found in maize grown under Mellur (MLR1) tract. The lowest number of spore count (152±1.53) 

and infection percentage (30±0.40 %) were observed in upland rice grown under 

Thirumangalam (TMQ) tract. Five AMF genera including Glomus, Gigaspora, Scutellospora, 

Entrophospora and Acaulospora were identified from the rhizosphere soil collected from the 

maize crop cultivated at Mellur. Genus Acaulospora and Glomus were found to be very 

dominant in maize crop. The results suggest that spore density in soil and root infection 

percentage varied from one tract to another tract and higher AM infections rates were 

observed in soil with low phosphorus content. 
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Arbuscular Mycorrhizal Fungi forms mutualistic 

symbiotic association with the roots of higher plants. 

In this symbiosis, the host plant provides the fungus 

with soluble carbon sources, at the same time the 

fungus enhances the uptake of certain nutrients by 

plants, particularly phosphate (Jayachandran and 

Shetty, 2003), improve fitness of plants in polluted 

environments (Hildebrandt et al., 1999), modify root 

morphology (Berta et al., 1990), increases resistance 

against soil pathogens (Orlando, 2003) and play a role 

in the formation of soil aggregates (Hamel et al., 

1997) by producing the glycoprotein Glomalin (Wright 

and Upadhyaya, 1998). 
 

There are four major characteristics of AMF 

considered important to their potential as inoculant 

fungi in agriculture, horticulture and forestry. They 

form rapid root infections, extensive formation of 

hyphae in soil, efficient absorption of phosphorus 

and other nutrients and production of more 

propagules (Abbott and Robson, 1984). Therefore 

the above aspects suggested that the diversity and 

community structure of AMF were important both in 

sustaining the stability of the plant community and 

re-establishing vegetation in different types of soil. 
 

AMF is wide spread in their distribution both 

among plant species and over geographical areas and 

associated with more than 80 per cent of the land 

plants (Smith et al., 2003). But the major factors  

 

 
affecting the diversity, abundance and distribution 

of AMF in agricultural fields are soil pH, higher 

content of phosphorous, nitrogen, organic matter, 

water stress etc. These factors could also affect 

the crop production in agro ecosystems (Porras-

Soriano et al., 2009). Most of the field studies 

testing the relationship between phosphorus 

availability and mycorrhizal colonization suggest 

that increased phosphorus availability leads to 

decreased colonization. Wetzel and Van Der Valk 

(1996) found that mycorrhizal hyphae were more 

common in low-phosphorus North Dakota wetlands 

than high-phosphorus Iowa wetlands. 
 

Although AM fungi is widespread in nature and 

occur in almost all soils, not all plant species growing 

in particular area exhibit uniform root colonization and 

there is considerable variation among tropical plants 

in mycorrhizal colonization. From all these aspects it 

is apparent that AMF diversity in agricultural 

ecosystems was under risk of obliteration. Therefore it 

is essential to evaluate the occurrence of AMF in agro 

ecosystems. The objective of the present work is to 

investigate the occurrence and distribution of AM fungi 

in agricultural fields of Madurai district, Tamil Nadu, 

India. 
 
Materials and Methods 
 
Study site 
 

The study site Madurai district lies in southern  
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part of Tamil Nadu state. It has an area of 147.99 

km2, geographically lies between9.93°N to 

78.12°E. It has an average elevation of 101 

metres. The average annual rainfall is about 85 

cm. The soil type is predominantly clay loam, red 

loam and black cotton types. Paddy is the major 

crop, followed by pulses, millet, oil seed, cotton, 

sugarcane and vegetables. The city is surrounded 

by Tirumangalam, Tiruparankundram, Mellur and 

Vadipatti. 
 
Collection of soil and root samples 
 

Rhizosphere soil and root samples were collected 

from different crops viz., tomato, chilli, brinjal, banana, 

bhendi, maize, sugarcane and upland rice cultivated 

in and around Madurai district. The plants were 

uprooted with the complete root system along with 

rhizosphere soil. The rhizosphere soil from 20 plants 

of each in same field were thoroughly homogenized, 

sieved (2mm), air-dried and stored at 4ºC until used 

for analysis. 
 
Analysis of soil chemical properties 
 

The analysis conducted to determine the soil 

characteristic were pH, available P and organic 

carbon. The pH determined by using pH meter 

(Richards, 1954). The available P was determined 

by spectrophotometer according to Olsen et al. 

(1954). The soil organic carbon (soc) content was 

determined by Walkley- Black (1934) chromic acid 

wet oxidation method. All the soil analysis was 

 

 

triplicate and average values were used in the 

statistical analysis. 
 
Assessment of AMF infection percentage 
 

The root samples from tomato, chilli, brinjal, 

banana, bhendi, maize, sugarcane and rice plants 

were analyzed for AMF infection by clearing and 

staining method of Phillips and Hayman (1970). 
 
Isolation and identification of AM fungal spores 
 

The rhizosphere soils of different crops were 

examined for the presence of AMF spores by wet 

sieving and decanting technique (Gerdemann and 

Nicolson, 1963) and examined under a stereozoom 

microscope for their shape, colour and the hyphal 

attachment to spores. 
 

Based on the taxonomic keys of Schenck and 

Perez (1990) and through INVAM web based 

identification (http://invam.caf.wvu.edu/cultures/ 

cultsearch.htm) the AMF isolates from different 

crops were identified. 
 
Results and Discussion 
 
Soil chemical analysis, Spore density and Percent 

colonization 
 

Physico-chemical parameters of collected soil 

samples were given in Table 1. Diverse range of 

pH was observed. Lowest pH was recorded in VDP 

and TMQ (5.61±0.13 and 6.12±0.14), which is 

considerably acidic. Other samples possessed  
Table 1. Sampling sites, host plants, soil type and soil physico-chemical properties of samples 

collected from Madurai district. 
 

Sampling site Standing crop at the Soil type pH SOC (%) Available P 

 time of sampling    (kg/ha) 

Tiruparankundram(TDN 1) Tomato Red loam 6.40±0.13 0.30±0.01 6.0±0.12 

Tiruparankundram (TDN 2) Chilli Red loam 6.80±0.16 0.46±0.01 5.6±0.13 

Tiruparankundram (TDN 3) Banana Red loam 7.40±0.17 0.61±0.01 6.5±0.15 

Mellur(MLR 1) Maize Red loam 7.05±0.16 0.32±0.01 4.7±0.11 

Mellur(MLR 2) Brinjal Red loam 6.34±0.15 0.52±0.01 8.2±0.19 

Mellur(MLR 3) Bhendi Red loam 6.21±0.14 0.28±0.01 8.9±0.21 

Tirumangalam(TMQ) Rice Black clay 6.12±0.14 0.71±0.02 16±0.37 

Vadipatti(VDP) Sugarcane Clay loam 5.61±0.13 0.58±0.01 13.7±0.32 

SEd   0.20 0.01 0.30 

CD (0.05)   0.44 0.03 0.65   
Note: Values represent means of triplicate determinations ± SE 
 
neutral pH. Highest SOC was observed in TMQ i.e. 

0.71 ± 0.02 %, lowest SOC recorded in MLR3, 

TDN1 and MLR1 samples. Highest available 

Phosphorous was found in samples of TMQ and 

VDP (16±0.37 and 13.7±0.32 kg/ha). 
 

The results of the current study indicate that AMF 

spore count and root infection were varied among 

different sampling sites. Among the eight samples, 

highest spore count was recorded in maize grown in 

MLR1 block (410±1.15 spores/100g of soil), followed 

by chilli grown under TDN2 block (321±1.76 

spores/100g of soil). Lowest spore count was 

 
assessed from TMQ block (152±1.53 spores/100g 

of soil) where rice is the host plant. Of all the eight 

root samples, highest AMF percent colonization 

was observed in samples of MLR1 block 

(80.1±1.07 %) followed by TDN2 block (70.8±0.94 

%). Lowest root colonization was detected in TMQ 

block (30±0.40 %) (Table 2). It is also important to 

observe the facts that in soil P and SOC contents 

are much higher in TMQ sample. It is well 

documented that rapid changes in soil nutrients 

may affect percent association and spore number 

of AM fungi (Abbott and Robson, 1991). 



 

 

Table 2. AMF spore count and root infection 

percentage of samples collected from Madurai 

district.  
Sample Spore count Root infection 

name number/100g of soil percentage (%) 

TDN 1 312±1.45 70.2±0.70 

TDN 2 321±1.76 70.8±0.94 

TDN 3 291±0.88 62.5±0.83 

MLR 1 410±1.15 80.1±1.07 

MLR 2 286±1.20 60.7±0.81 

MLR 3 260±1.73 58.4±0.78 

TMQ 152±1.53 30.0±0.40 

VDP 212±0.58 50.3±0.67 

SEd 1.90 1.13 

CD (0.05) 4.02 2.39   
Note: Values represent means of triplicate determinations ± SE 

 
Many studies have found that the primary benefit 

to the plant of the mycorrhizal symbiosis is improved 

phosphorus nutrition (Fitter and Merryweather, 1992). 
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If phosphorus is abundant and available, then the 

plant does not need to maintain the symbiosis and 

mycorrhizal colonization decreases. Sanders and 

Tinker (1973) and numerous experiments have 

also shown that increasing phosphate availability 

decreases the mycorrhization level, suggesting that 

AMF might play a minor role in natural ecosystems 

or agriculture fields with high P availability (Ryan 

and Graham, 2002). Similarly TMQ and VDP 

samples also possessed higher P content, where 

TMQ shows lower percent colonization and spore 

count among all the eight samples. 
 

Several researchers have acknowledged the 

capability of monocots and other crop plants in the 

mass production of AMF inoculum and their host 

specificity (Douds et al., 2005; Chaurasia and Khare, 

2005). They produce enormous root biomass in short 

period of time compared to plants grown in natural 

conditions, and also the production of root  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 1. AM fungal spores from maize rhizosphere soil. a. Glomus sp. MDU1, b. Glomus sp. MDU2, c. 

Gigaspora sp. MDU1, d. Scutellospora sp. MDU1, e. Entrophospora sp. MDU1, f. Entrophospora sp. 

MDU2, g. Acaulospora sp. MDU1, h. Acaulospora sp. MDU2, i. Acaulospora sp. MDU3 
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exudates is very less. Therefore we could assume 

that maize plant soil and root samples harbored 

large AMF population due to the above reasons. 
 
Characterization of isolated AMF strains from maize 
 

Nine AMF strains which differed in their spore 

colour and shape were isolated from maize crop 

cultivated at Mellur (MLR1) and were 

characterized. Based on the spore shape, spore 

colour and structural features as described in the 

INVAM website, two strains were identified as 

Glomus sp., one strain as Gigaspora sp., another 

as Scutellospora sp., two as Entrophospora sp., 

and three as Acaulospora sp. (Fig. 1) . These 

findings are in close conformity to those of Subha 

et al. (2008) in sweet potato. Chaurasia and Khare 

(2005) found three species of AM fungi i.e. Glomus 

aggregatum, G. fasciculatum and Sclerocystis 

pakistanica in the soil of Phaseolus vulgare. Sharif 

and Moawad (2006) also identified spores of 

Glomus intraradices and Glomus mosseae in 

potato, barley, rice, chickpea, alfalfa, wheat, barley, 

oat and grasses. 
 

It is concluded from the study that the plants 

growing in a particular area do not exhibit a uniform 

spore density and root colonization. Higher AM fungal 

spore count and their root colonization in maize crop 

were observed in P deficient soil. This unique richness 

of AMF could be speculatively attributed to the soil 

nutrient content and or of host species. 
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