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Abstract 

An attempt was made to investigate the diversity status of different beneficial microbes such as Arbuscular 
Mycorrhizal (AM) fungi and Plant Growth Promoting Rhizobacteria (PGPR) in roots and soil samples 
collected from 40 different sample plots of iron ore mine lease (core zone) and outside mine lease (buffer 
zone) areas including agricultural fields in Chitradurga, Hiriyur, Holalkere and Hosadurga Taluks in 
Chitradurga District, Karnataka state. Data on percent root colonization and soil spore population of these 
microbes were recorded from different sample locations. It was observed that all the samples had AM fungal 
association and PGPRs, but exhibited variation in population density. The samples collected from mined out 
areas (core zone) had very less population of AM fungi and PGPR organisms, as compared to outside mine 
lease (buffer zone) areas and agriculture fields. It was also recorded that a total of 23 different AM fungal 
species belonging to three genera such as Acaulosopora, Gigaspora and Glomus were recorded during the 
period of investigation. Among them, the genus Glomus was found to be the dominant one with 17 species, 
followed by Gigaspora and Acaulospora with 3 species each. Apart from this, four types of PGPR organisms 
viz., Azotobacter, Azosprtillum, Bacillus and Pseudomonas were also recorded from different study locations 
but variation in population density. 
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Introduction 
Microbes are ubiquitous in nature. They are found in air, 
water, soil and inside plants, animals and human beings. 
They can live in extreme conditions such as volcanic 
vents (350○C) to frigid waters of Antarctic lakes,  
a top high mountains, polar snow, deserts and  
forest ecosystems including mine areas. Soil organisms 
contribute to a wide range of essential services to the 
sustainable function of agriculture and forest 
ecosystems. The microbes are both beneficial and 
harmful organisms and they act as the primary driving 
agents of nutrient cycling, degrading organic matters, 
modifying soil physical structure, increasing the amount 
of essential elements and enhancing plant health. 
Microorganisms such as Plant Growth Promoting 
Rhizobacteria (PGPR) and mycorrhizal fungi like 
Arbuscular Mycorrhizal (AM) and Ectomycorrhizal (ECM) 
fungi are ubiquitous and constitute an integral 
component of terrestrial ecosystems, forming symbiotic 
associations with plant root systems. They can promote 
growth either directly by production plant hormones, 
improvement of absorption of nutriments or by indirect 
means by elimination of disease causing pathogens.  
The mycorrhizal fungi have a great influence on the 
survival of plants in new and reclaimed mining areas 
such as iron ore, bauxite, coal and others.  
 

 
These symbiotic fungi help in site quality and tree health 
and they form the cornerstone to proper establishment of 
functional forest ecosystem. It is important to know the 
diversity and abundance status of microbial species in 
any given area before subjecting the areas to activities 
like mining. Therefore, an attempt was made to 
investigate the diversity status of microbial populations 
such as AM fungi and PGPR in roots and soil samples 
collected from 40 different sample plots of iron ore mine 
lease (core zone) and outside mine lease (buffer zone) 
areas including agricultural fields in Chitradurga, Hiriyur, 
Holalkere and Hosadurga taluks of Chitradurga district, 
Karnataka state.  
 
Materials and methods 
Survey and collection of soil samples: Roots and soil 
samples were collected from 40 different sample plots 
within mine lease (core zone), outside mine lease (buffer 
zone), agricultural fields and overburden (OB) dump 
plantation areas in the above mentioned study areas 
during October, 2011. All the samples were collected and 
brought to the laboratory for processing and estimation  
of soil microbial population by adopting standard 
techniques. 
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Enumeration of soil microbial population: The soil 
microbial load such as beneficial bacteria (PGPR) was 
determined by using serial dilution and plating 
techniques (Parkinson et al., 1971).  
 
Estimation of AM fungal colonization: Association of AM 
fungi in the root samples was done by using root clearing 
and staining techniques (Phillips and Hayman, 1970; 
Koske and Gemma, 1989) and data on percent root 
colonization of AM fungi was estimated by using gridline 
intersect method (McGonigle et al., 1990).  
 
Isolation and identification of AM fungal spores: A small 
amount from the rhizosphere was dug out to a depth of 
10-25 cm, after scraping away the top 1-2 cm soil. 
The soil samples were collected in neat and clean  
zib-lock polythene bags and stored at 5C until the 
samples were processed. About 100 g rhizosphere soil 
was thoroughly mixed and dispersed in 1 L water and the 
suspension was left undisturbed for 5-10 min to allow the 
heavier particles to settle.  Then the suspension was 
decanted through 710 µm, 250 µm, 125 µm, 75 µm and 
45 µm sieves and the remains on the sieves were 
washed into beakers (Gerdemann and Nicolson, 1963). 
The intact AM fungal spores were counted and  
picked up with a wet needle by mounting in polyvinyl  
glycerol-lactophenol with or without Melzer’s reagent on 
a micro slide for identification using Nikon Optiphot  
No.2 compound microscope. Genus and species level 
identification of different AM fungi isolated from different 
soil samples has been done by using standard keys 
developed by Trappe (1982) and Schenck and Perez 
(1987). 
 
Results and discussion 
Root colonization and soil spore population of AM fungi: 
Data on percent root colonization and soil spore 
population of AM fungi recorded from the mine lease, 
outside mine lease, OB dump plantation areas and 
agriculture fields in 4 different taluks of Chitradurga 
district is presented in Table 1.  
 

 
 
The study revealed that Chitradurga taluk recorded 
moderate and low level of percent root colonization and 
spore population of AM fungi from agriculture fields and 
OB dump plantation sites. In contrast, very high percent 
root colonization and spore population was recorded 
from outside mine lease areas. Hiriyur taluk recorded 
high percent root colonization and soil spore population 
of AM fungi from mine lease and outside mine lease 
areas. The agricultural fields had moderate percent root 
colonization and soil spore population. The OB dump 
plantation samples had less percent colonization and soil 
spore population of AM fungi. The similar trend was 
found in the samples collected from different mine sites 
of Holalkere and Hosadurga taluks. 
 
Frequency distribution of AM fungi recorded in 
rhizosphere soils: Data on frequency distribution of AM 
fungi recorded in rhizosphere soils from mine lease (core 
zone) and outside mine lease (buffer zone) areas; 
agriculture fields and OB dump plantation in Chitradurga, 
Hiriyur, Holalkere and Hosadurga mine sites of 
Chitradurga district is given in Table 2. It was found that 
Chitradurga mine sector recorded 12 different AM fungal 
species belonging to three genera such as Acaulospora, 
Glomus and Gigaspora isolated from various soil 
samples and the genus Glomus was recorded as the 
most predominant one. Buffer zone area has recorded  
9-10 different AM fungal spore types, core zone area has 
recorded 6-8 AM fungal spore types; agriculture fields 
have recorded 5-6 AM fungal species and OB dump 
plantation has recorded 3-4 AM fungal types. 
Hiriyur mine sector recorded 9 different AM fungal 
species belonging to three genera such as Acaulospora, 
Glomus and Gigaspora isolated from various soil 
samples and the genus Glomus was found to be the 
most predominant one. The buffer zone areas have 
recorded 7-9 AM fungal spore types; core zone had 5-6 
AM fungal spore types; agriculture fields had 3-5 AM 
spore types and OB dump plantation had 2-3 AM spore 
types.  
 
 

Table 1. Mean percent root colonization and soil spore population of AM fungi from Chitradurga, Hiriyur,  
Holalkere and Hosadurga taluks in Chitradurga district. 

S.No. Sampling 
plots 

% AMF 
colonization* 

AMF spore 
population/ 

100 gm     
of soil* 

% AMF 
colonizati

on* 

AMF spore 
population/ 

100 gm     
of soil* 

% AMF 
coloniz
ation* 

AMF spore 
population/ 

100 gm     
of soil* 

% AMF 
coloniz
ation* 

AMF spore 
population/ 

100 gm     
of soil* 

Chitradurga Hiriyur Holalkere Hosadurga 

1. Outside Mine 
Lease Area 71-79 343-482 63-69 308-396 74-81 403-488 69-73 366-377 

2. Mine Lease 
Area 55-58 273-297 51-55 242-291 60-69 367-386 51-57 203-252 

4. Agriculture 
Field 45-50 196-201 42-50 167-193 41-45 166-197 31-37 133-166 

5. Mine dump 
plantation 22-28 104-124 20-24 97-112 24-30 108-129 19-23 92-102 

* Mean of 3 replications; (+) = Present; (-) = Absent; 1-25%  - Low; 26-50% - Moderate; 51-75% - High; 76-100% - Very High. 
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Holalkere mine sector recorded 14 different AM fungal 
species belonging to three genera such as Acaulospora, 
Glomus and Gigaspora from various soil samples and 
the genus Glomus was found to be the most 
predominant one. The buffer zone areas have recorded 
10-12 different AM fungal spore types; core zone area 
had 7-8 AM fungal spore types; agriculture fields had 4-5 
AM fungal species and OB dump plantation had 3-4 AM 
spore types. Hosadurga mine sector recorded 8 different 
AM fungal species belonging to three genera such as 
Acaulospora, Glomus and Gigaspora from various soil 
samples and the genus Glomus was found to be the 
most predominant one. The buffer zone areas have 
recorded 7-8 different AM fungal spore types; core zone 
area had 4-6 AM fungal spore types; agriculture fields 
had 3-4 AM fungal species and OB dump plantation had 
2-3 AM spore types. 
 
Population status of soil beneficial bacteria: Data on 
bacterial population from mine lease (core zone), outside 
mine lease (buffer zone) areas; agriculture fields and OB 
dump plantations of Chitradurga, Hiriyur, Holalkere and 
Hosadurga mine sites of Chitradurga district is presented 
in Table 3. It was observed that three types of beneficial 
bacteria viz., Azotobacter, Azosprtillum and Bacillus were 
recorded from Hiriyur mine sector.  

 

 
 

 
The sampling site, buffer zone areas have recorded 
more bacterial colonies of different kinds of bacteria, 
followed by the samples collected from core zone areas. 
The samples collected from agriculture fields have 
recorded moderate bacterial population whereas the OB 
dump plantation had less bacterial population. Four types 
of bacteria viz., Azotobacter, Azospirillum, Bacillus and 
Pseudomonas were recorded from Chitradurga, 
Holalkere and Hosadurga mine sectors. Among the 
different sampling plots screened, the buffer zone areas 
have recorded more bacterial colonies as compared to 
other sample plots in mine sectors of all the four taluks. 
The use of mycorrhizal bio-fertilizers particularly the AM 
fungi to enhance the uptake of nutrients (Phosphorus 
and Zinc) and water for establishment of seedlings on 
degraded lands including mined out areas and  
OB dumps. The mycorrhizal fungi profoundly influence 
the development of vegetation in reclamation and 
rehabilitation of mine spoils. Many earlier reports show 
that the mycorrhizal fungi bring an improvement in the 
growth of plants through an increased P uptake and 
better survival and establishment potential in mine 
wastes (Daft and Nicolson, 1974; Daft et al., 1975; 
Reeves et al., 1979; Daft and Hacskaylo, 1976; 
Danielson et al., 1979; Reeves et al., 1979; Allen, 1984; 
Sylvia, 1988; Mohan et al., 2011).  

Table 2. Occurrence and distribution of different AM fungal spore types recorded from various sample plots  
in Chitraduga, Hiriyur, Holalkere and Hosadurga taluks of Chitradurga district. 

Taluk Sample plots 
Number of AM fungi structure 

Total 
Occurrence Genera Occurrence of AM 

spore types 

Chitradurga 

Mine Lease Area (core zone) 
12 

(10+1+1) 

10 species- Glomus 
1 species- Acaulospora 
1 species- Gigaspora 

6-8 
Outside Mine Lease Area (buffer zone) 9-10 
Agricultural Field 5-6 
OB dump plantation 3-4 

Hiriyur 

Mine Lease Area (core zone) 
9 

(7+1+1) 

7 species- Glomus 
1 species- Acaulospora 
1 species- Gigaspora 

 

5-6 
Outside Mine Lease Area (buffer zone) 7-9 
Agricultural Field 3-5 
OB dump plantation 2-3 

Holalkere 

Mine Lease Area (core zone) 
14  

(11+2+1) 

11 species- Glomus 
1 species- Acaulospora 
2 species- Gigaspora 

7-8 
Outside Mine Lease Area (buffer zone) 10-12 
Agricultural Field 4-5 
OB dump plantation 3-4 

 
 

Hosadurga 
 

Mine Lease Area (core zone)  
8 

(6+1+1) 

6 species – Glomus 
1 species – Acaulospora 

1 species - Gigaspora 

4-6 
Outside Mine Lease Area (buffer zone) 7-8 
Agricultural Field 3-4 
OB dump plantation 2-3 

Table 3. Status of beneficial bacterial population recorded from various sample plots of Chitradurga,  
Hiriyur, Holalkere and Hosadurga mine sites in Chitradurga district. 

S.No. Sample plots Total Bacterial colonies  (107 cfu g-l )* 
Chitradurga Hiriyur Holalkere Hosadurga 

1. Outside Mine Lease Area 78-82 58-62 110-143 108-128 
3. Mine Lease Area 57-76 44-53 91-108 81-93 
4. Agriculture Field 45-47 32-34 55-62 42-45 
5. Mine dump plantation 21-23 21-28 40-45 27-31 

* Mean of 3 replications. 
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Extensive colonization of AM fungi in plants growing in 
coal wastes was recorded by Daft and Hacskaylo (1976) 
who hypothesized that application of AM fungi may 
ensure successful reclamation and rehabilitation of coal 
mine areas. Ganesan et al. (1991) reported the 
distribution of different AM fungi in revegetated coal, 
lignite and calcite mine spoils of India.  Their findings 
indicate that in the reclamation and rehabilitation of mine 
waste spoil, mycorrhizal fungi profoundly influence the 
development of vegetation. Caproni et al. (2003) 
observed that the addition of top soil with the planting  
of mycorrhizal bio-fertilizers inoculated seedlings were 
efficient to colonize areas with AM fungi after open cast 
bauxite mining.  Recently, Mohan et al. (2011) studied 
AM fungal interaction with important tree species in 
quartz sand mine spoil, Tamil Nadu and they found AM 
fungal association in rhizosphere soils of all the plants 
grown in the study area but variation in percent root 
colonization and soil spore population.   
 
Conclusion 
Due to mining activity, the microorganisms present in the 
top soil in the mine lease areas are removed completely 
along with the overburden wastes.  However, these 
microbial species that have been recorded in the core 
zone areas are also occurring in buffer zone areas.  
Hence, it is recommended that, before mining, the top 
soil can be taken and preserved in the predetermined 
area of the mine lease for reclamation and rehabilitation 
of mined out areas through afforestation. In addition, 
these beneficial microorganisms are again can be 
introduced as bio-fertilizers at the time of afforestation 
activities in the OB dump areas through planting of 
suitable fast growing native plant species of those areas 
such as grasses like Aristida setacea, Bambusa 
arundinacea, Cymbopogon spp., Dendrocalamus 
strictus, shrubs and tree species such as Albizia spp., 
Neem, Dalbergia spp., Ficus spp., Gmelina arborea, 
Grewia tiliifolia, Hardwickia binata, Holoptelea integrifolia, 
Lagerstroemia parviflora, Phyllanthus emblica, 
Pithecellobium dulce, Pongamia pinnata, Santalam 
album, Swietenia macrophylla, Syzygium cumini, 
Tamarindus indica, Terminalia spp.,  Wrightia tinctoria, 
Ziziphus mauritiana etc. The seedlings of these species 
can be inoculated with AM fungi and other bio-fertilizers 
(Azotobacter, Azospirillum, Phosphobacterium) along 
with the bio-manures like farmyard manure,  
vermi-compost and leaf compost in the nursery as well 
as at the time of planting in the mined out areas and  
OB dump areas. The use of mycorrhizal bio-fertilizers 
particularly the AM fungi to enhance the uptake of 
nutrients (Phosphorus and Zinc) and water for 
establishment of seedlings on degraded lands including 
mined out areas and OB dumps. The mycorrhizal fungi 
profoundly influence the development of vegetation in 
reclamation and rehabilitation of mine spoils. Hence, the 
mined overburden areas should be reclaimed and 
rehabilitated with vigour and suitable native plant species  
inoculated with potential mycorrhizal and other  

bio-fertilizers (Rhizobium, Azospirillum, Azotobacter, 
Phosphobacterium) irrespective of other economic utility.  
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