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Abstract 
Introduction: An increasing body of evidence suggests that microorganisms are far more 

sensitive to industrial effluents than soil plants growing on the same soil. Setting up of new 

industries resulted in the disposal of industrial effluents causing air, water and soil pollution. 

Microbes play a crucial role in decontaminating polluted sites. The study was designed to 

evaluate the microbial population of soil environment contaminated with industrial pollution.  

Materials and methods: Soil samples were collected from the surrounding areas (1/4
th

 km) of 

Saptagir Camphor industry, Anantapuramu, Andhra Pradesh, India. Soil samples without effluent 

discharges served as control were collected from adjacent site (1 km) away from the same 

camphor industry. Triplicate soil samples of each polluted and non-polluted soil samples were 

withdrawn at periodic intervals such as 0, 10, 20, 30 and 40
 
days for the enumeration of 

microbial population. The population of actinomycetes is enumerated by serial dilution method 

using Kenknights agar medium and the estimation of population of Azospirillum sp. population 

was done by most-probable number (MPN) method. 

Results and Discussion: Population of actinomycetes and Azospirillum sp. were significantly 

enhanced in polluted soil than in non-polluted soil and were increased with increase in the 

incubation period up to 20 days compared to 0 day, however, population count was decreased 

after 20 days of incubation. The population count decreases with increase in the dilution factor. 

The population of Azospirillum sp. in polluted soil is two-fold higher than in non-polluted soil.  

Conclusion: Studies have shown that the ability of microbes to tolerate a definite level of 

pollutants under natural conditions might be owing to the complex nature of the soil 

environment. 
 

Keywords: Saptagir Camphor industrial effluents, actinomycetes and Azospirillum sp., Polluted 

and Non- polluted soils 

INTRODUCTION 

Industrial pollutants affect the growth, 

morphology and metabolism of soil 

microorganisms, through functional 

disturbance, protein denaturation or the 

destruction of the integrity of cell 

membranes. Soil microorganisms are 

essential in the decomposition of soil 

http://www.ijsar.in/
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organic matter, any decrease in the 

microbial diversity or abundance may 

adversely affect nutrient absorption from the 

soil. The elevated levels of heavy metals in 

soils had significant impacts on the 

population size and overall activity of the 

soil microbial communities.  

Industrial effluents entering the soil are one 

of major sources of environmental toxicity. 

It has deleterious impact on the soil 

microflora. The effluents of sugar and textile 

industry and their deleterious effects on the 

soil microflora. The microbial flora too is 

affected by it as compared to the control 

water sample due to the high BOD and COD 

values (Arminder Kaur et al., 2010). 

Cassava mill effluent has negatively affected 

the microbial populations and 

physicochemical parameters at various 

depths (Okechi et al., 2012). Above certain 

concentrations and over a narrow range, the 

heavy metals turn into toxins (Babich et al., 

1982). Moreover, these metals adversely 

affect natural microbial populations leading 

to disruption of vital ecological processes 

(Brynhildsen and Rosswall, 1997). Many 

industrial effluents had heavy metals such as 

Pb, Cd, Cr, Ni and Hg as effluent 

constituents. These heavy metals increased 

their concentrations and thereby reduced soil 

microbial process and microbial biomass 

(McGrath et al., 1988). Nwoko and Sola 

(2010) reported that several chemical and 

biochemical properties of the investigated 

soil changed in response to the application 

of POME (palm oil mill effluents). Organic 

amendment produced a decrease in pH and 

increase in electrical conductivity. Rajannan 

and Kandasamy (1990) noted that the 

protein industry waste harboured 

considerable number of bacteria, 

actinomycetes and fungi. Application of the 

pulp and paper mill wastes increased the 

microbial population and soil fertility. In 

contrast, Kouchou et al., (2017) reported 

that heavy metal contaminationin alkaline 

soils of the reagion Fez, (Morocco) have a 

positive effect on bacterial population and 

negative effect on actinomycetes and fungal 

population in soil.   

 

Population of actinomycetes 
Actinomycetes are the dominant group of 

soil population together with bacteria and 

fungi. They are found with greater or less 

frequency in most ecological niches. They 

are Gram-positive bacteria having high G+C 

(>55%) content in their DNA and originally 

considered as an intermediate group 

between bacteria and fungi. A majority of 

actinomycetes are free living, saprophytic 

bacteria and major source for production of 

antibiotics (Kuster, 1967). They are wide 

spread in nature and found to be more in dry 

than wet soils. According to Alexander 

(1961) 70 to 90% of the actinomycetes 

found in virgin and cultivated soils are 

species of Streptomyces which are also 

found to occur in fresh water and marine 

environments. Kouchou et al., (2017) 

demonstrated that changes in soil conditions 

due to heavy metals (Cr, Cu and Zn) 

contamination have a large negative effect 

on actinomycetes populations of soil. 

Actinomycetes have been noted to serve as 

rich reservoirs of medicinal antibiotics and 

are therefore extremely relevant to 

scientists, pharmaceutical industries and 

agricultural industries (Kumar et al., 2010). 

With the increase of population of bacteria, 

fungi and actinomycetes, the discharge of 

agricultural wastewater containing chemical 

fertilizers and the discharge of industrial 

waste water such as electroplating, 

metallurgy and chemical industry, soil 

ecosystem has been seriously affected by 

heavy metals. Due to the persistent, toxic 

and non-biodegradable nature of heavy 

metals, the problem of heavy metals in the 

soil has attracted increasing attention of 

researchers (Dian Chu, 2018). Changes in 

the organic carbon also affect the 

actinomycetes population size and diversity 

associated with rhizospheric soils of non-Bt 
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and Bt brinjal crops. Alteration in the 

organic carbon between the soils of non-Bt 

and Bt brinjal could be one of the possible 

reasons for the minor fluctuations in the 

actinomycetes population density (Amit 

Kishore Singh et al., 2013). The post 

methanation distillery effluent (PME) 30 

percent treatment at third irrigation had 

higher fungi and actinomycetes population 

in soil. The fungal population was in lesser 

number compared to bacteria or 

actinomycetes population. This study 

indicated that higher PME concentrations 

had a negative impact on soil microflora 

(Padmaja Karanam and Joshi, 2010). 

The bacterial, fungal and actinomycetes 

populations of the soils showed that number 

of bacterial and fungal colonies increased 

significantly with sewage water irrigation, 

maximum being in sewage irrigated soils 

followed by partial sewage irrigated soils 

and least in ground water irrigated soils. 

Results also showed that microbial 

population (bacterial, fungal and 

actinomycetes) increased up to 14 days of 

incubation and decreased thereafter up to 56 

days of incubation. Minimum population of 

actinomycetes was observed in sewage 

water irrigated soils. Soil organic matter was 

significantly and positively correlated with 

soil bacterial and fungal population, and 

negatively correlated with actinomycetes 

(Bansal et al., 2014). Wang et al., (2007) 

demonstrated that heavy metals pollution 

had a significant impact on bacterial and 

actinomycetic community structure. There 

were negative correlations between soil 

microbial biomass and extractable heavy 

metals.  

 

Population of Azospirillum sp. 
Among the soil microflora, Azospirillum sp. 

are susceptible to agrochemicals which are 

non-symbiotic, micro aerophilic, 

diazotrophic, heterotrophic nitrogen fixing 

bacterium (Charyulu and Rao, 1978). In 

vitro, the nitrogen-fixing rhizobacteria 

Crysomonas luteola, Azospirillum spp., 

Azomonas spp. and Klebsiella pneumoniae 

successfully grew in batch cultures prepared 

from the crude effluents. This was supported 

by adequate growth parameters and organic 

matter decomposition (Sayeda Alia et al., 

2011). Azospirillum population in the 

rhizosphere improved significantly from 

38.0 cfu g
-1

 under recommended fertilizer to 

176.8 cfu g
-1

 under farm yard manure 

(FYM) and bioinoculants (Saini et al., 

2004). A significant stimulation in root 

development and a large number of 

Azospirillum cells (108 g
-1

 washed roots) 

were recorded at harvest of the inoculated 

plants. Fertilization with 60 kg N-urea ha
-

1
 stimulated yield components above 

controls to levels similar to inoculation with 

Azospirillum (Fulchieri and Frioni, 1994). 

However, meagre literature is available on 

the population of Azospirillum sp. 

influenced by the industrial pollutants.    

 

MATERIALS AND METHODS 

Soils 
Soil samples were collected from the 

surrounding areas (1/4
th

 km) of Saptagir 

Camphor industry, Anantapuramu, Andhra 

Pradesh, India. Soil samples without effluent 

discharges served as control were collected 

from adjacent site (1 km) away from the 

same camphor industry. Soil samples were 

air dried and mixed thoroughly to increase 

homogenesity and shifted to < 2 mm sieves 

for estimation of physico-chemical 

properties by standard methods. Both 

polluted and non-polluted soil samples of 

camphor industry were used for studying 

various microbial populations and soil 

enzyme activities.  

Saptagir Camphor Limited: Manufacture 

and supply of terpene chemical and 

associated products. Camphor is used in 

traditional pooja rituals as well as 

pharmaceuticals. Synthetic camphor is white 

crystalline solid with pharma grade 95% 

purity.  
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Soil incubation for enumeration of 

population  
Ten grams of soil samples (actinomycetes) 

and 5 grams (Azospirillum sp.) contaminated 

with/without effluents of Saptagir Camphor 

industry were transferred to test tubes (15 × 

150 mm). Soil samples were maintained at 

60% water holding capacity at room 

temperature in the laboratory (28 ± 4 ºC). 

Triplicate soil samples of each polluted and 

non-polluted soil samples were withdrawn at 

periodic intervals such as 0, 10, 20, 30 and 

40
 
days for the enumeration of microbial 

population. The population of actinomycetes 

is enumerated by serial dilution method 

using Kenknights agar medium and the 

estimation of population of Azospirillum sp. 

population was done by most-probable 

number (MPN) method Alexander (1965) 

and Madhavi et al., (2019).  

 

Serial dilution method for enumeration of 

actinomycetes 
Ten grams of incubated soil samples were 

mixed with 100 ml of distilled water and 

then the serial dilution blanks were prepared 

in test tubes and marked sequentially 

starting from 10
-1

 to 10
-8

 dilutions. 1 ml of 

soil sample solution was dissolved in 9 ml 

of water i.e. 10
-1

 dilution, 1 ml from this was 

then transferred to 9 ml of the 10
-2 

labeled 

test tube i.e. 10
-2

 dilution, using a sterile 

pipette; and this was repeated for each 

succeeding step till 10
-8

. Kenknights agar 

medium petri plates were prepared and used 

for the enumeration of actinomytes. From 

10
-5

, 10
-6

, 10
-7

 and 10
-8

 dilution tubes, 0.5 ml 

of dilution liquid was then spread on 

Kenknights agar medium petri plates in 

triplicates using the standard spread plate 

technique. The agar plates were then 

incubated at 30˚C for three days. After 

successful growth of micro organisms the 

colonies of actinomycetes in both polluted 

and non-polluted soil samples of Saptagir 

Camphor industry were enumerated by 

colony counter Nasreen et al., (2015).  

Composition of Kenknights agar medium 

Dextrose 1.0 g 

Monopotassium dihydrogen  

phosphate KH2PO4    

0.1 g 

Sodium nitrate NaNO3                                                 0.1 g 

Potassium chloride KCl                                               0.1 g 

Magnesium sulphate  

MgSO4.7H2O 

0.1 g 

Agar Agar                                                                    15.0 g 

Distilled water                                                             1000 ml 

MPN method for Azospirillum sp. 
The population of Azospirillum sp. in 

incubated soil samples (polluted and non-

polluted) were estimated by most probable 

number technique. Ten-fold serial dilutions 

of soil samples were made and the numbers 

were calculated using the probability tables 

Alexander (1965). 5 ml portions of sterile 

nitrogen free semi-solid malate medium 

Dobernier et al., (1976) was taken in five 

MPN tubes and inoculated with 0.5 ml 

aliquots of the suspensions from 10
-5

 to 10
-8 

soil dilutions. Inoculated soil samples were 

incubated at 37ºC. MPN tubes in which a 

typical white pellicle formed a few mm 

below the surface of the medium after 36 

hours incubation were noticed and those are 

the positive for Azospirillum sp. 

Microscopic examination of the  

Azospirillum sp. shown the rods with flat 

droplets and very active spiral movements.  

Composition of semi-solid malate medium 

Malic acid    5 g 

Potassium hydroxide                      4 g 

Dipotassium phosphate                  0.5 g 

Magnesium sulphate                      0.2 g 

Sodium chloride                             0.1 g 

Calcium chloride                            0.02 g 

Iron sulphate                                   0.5 g 

Sodium molybdate                          0.002 g 

Manganese sulphate      0.01 g 

5% alcoholic solution  

of bromothymol blue 

2 ml 

Agar-Agar                                        1.75 g 

Distilled water 1000 ml 

pH  6.8 
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RESULTS AND DISCUSSION 

Physico-chemical characteristics of polluted and non-polluted soil samples of Saptagir 

Camphor industry 

Table 1: Physico chemical properties of polluted and non-polluted soil of Saptagir 

Camphor industry 

S. No Physico-Chemical Properties of soil 
Saptagir Camphor    

polluted soil 

Saptagir Camphor 

non-polluted soil 

1 Color Red Red 

2 Water holding capacity (ml g
-1

 soil) 42.39 37.97 

3 Texture 
  

 
Sand (%) 54.3 52.2 

 
Silt (%) 32.4 34.5 

 
Clay (%) 13.3 13.3 

4 pH
a
 8.58 8.5 

5 Electrical conductivity (m.mhos) 223 202 

6 Organic carbon (%) 1.61 0.48 

7 Organic matter (%)
b
 2.76 0.82 

8 Total nitrogen (%)
c
 0.079 0.050 

9 4NH

–N (µg g
-1

 soil)
d
 7.10 6.22 

10 2NO

–N (µg g
-1

 soil)
e
 0.64 0.41 

11 3NO

–N (µg g
-1

 soil)
f
 0.99 0.80 

12 Sulphur (%) 1.62 2.13 
 a

1:1.25 (soil:water) ; 
 b

Walkey-Black method (Jackson, 1971) ; 
c
Micro-Kjeldhal method 

Jackson, 1971) ; 
d
Nesslerization method (Jackson, 1971) ; 

e
Diazotization method (Barnes and 

Folkard, 1951) ; 
f
Brucine method (Ranney and Bartler, 1972) 

 

The effect of Saptagir Camphor 

industrial effluents on soil 

microorganisms  
Lang (1993) reported that during the 

production process pollutants are often 

released into the environment. Soil is an 

efficient purifying medium with a great 

capacity to receive and decompose wastes 

matter by its micro flora yielding nutrients 

in the process (Narasimha et al., 1999). 

However, if the input of the pollutants 

exceeds the soil purifying limit, the 

effectiveness of soil microbial activity is 

reduced considerably. As a result, there will 

be an adverse change in the soil 

physicochemical properties which 

consequently affect the growth and 

development of the crop plants. Soil 

bacteria, fungi, actinomycetes, algae and 

other microorganisms are responsible for the 

cycle of C, N, P, S and other elements in the 

nature, they promote the decomposition of 

material elements and nutrient conversion. 

Microbial activity in POME amended soils 

was increased under laboratory-controlled 

conditions irrespective of dose and duration 

of incubation. However, microbial and 

biochemical properties examined indicated 

and initial stress on microbes especially at 

early stage of incubation, but was quickly 

stabilized due to buffering capacity of soil 

(Nwoko and Sola, 2010). Kouchou et al., 

(2017) demonstrated that quantitative 

analysis of soil microbial populations 

showed that certain groups of soil microbes 

(actinomycetes and fungi) were particularly 

sensitive to long-term contamination and 

revealed a strong negative correlation with 
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Cr, Cu and Zn. Many reports have shown 

that short term or long term exposure to 

toxic metals results in the reduction of 

microbial diversity and activities in soil 

(Lasat, 2002). Wang et al., (2007) found that 

the long-term effects of nearly 20 yrs of 

heavy metal contamination near a copper 

smelter could affect the activity and 

community composition of soil 

microorganisms. Muller et al., (2001) 

reported that the functional potential of the 

microbial population measured as sole 

carbon source utilization by Ecoplates 

differed between the soils, but there was no 

change in the number of substrates utilized. 

The observed changes in the different soil 

microbial populations are probably a 

combination of both direct and indirect 

effects of the mercury contamination.  

 

Population of actinomycetes 
The overall biodiversity of soil microflora 

comprises bacteria, fungi, actinomycetes 

and photosynthetic microorganisms. 

Actinomycetes are a large group of 

microorganisms, systematically identified as 

bacteria, which grow as hyphae. They 

decompose a wide range of substances, but 

they are particularly important in degrading 

recalcitrant (difficult to degrade) compounds 

such as chitin, lignin, keratin and cellulose. 

Moreover, they produce a number of 

secondary metabolites such as antibiotics i.e. 

streptomycin or geosmine which is 

responsible for “earthy” smell after soil 

plowing. Actinomycetes are important in 

forming stable humus, which enhances soil 

structure, improves soil nutrient storage and 

increases water retention in soils 

(Alexander, 1961).  

The population of actinomycetes (cfu/g) in 

polluted and non-polluted soils of Saptagir 

Camphor factory were listed (Table 2 and 3) 

respectively. Population of actinomycetes 

has been decreasing with increasing dilution 

factor from 10
-5

 to 10
-8

. The population in 

the dilution factor 10
-5

 is higher than 10
-8

 on 

0 day. The maximum population of 

actinomycetes was observed on 20 day in 

the dilution factor 10
-5

 ie. 148 cfu/g in 

polluted soils and 112 cfu/g in non-polluted 

soil of Saptagir Camphor industry. The 

minimum population of actinomycetes were 

observed on 40 day in the dilution factor 10
-

8
 ie.16 cfu/g in polluted soils and 11 cfu/g in 

non-polluted soil of Saptagir Camphor 

industry. However, the population of 

polluted soil is comparitively higher than 

non-polluted soil. The same trend was 

observed on all the incubation days, in 

polluted and non-polluted soils. The 

population of actinomycetes on 0 day is 

relatively low, as the days of incubation 

increased the population significantly 

increased upto 20 days whereas, on further 

increasing the incubation (30 to 40 days) 

there was a eventual reduction in population. 

The population of actinomycetes on 40 day 

was subsided when compared to 20 day.  

The population of actinomycetes in dilution 

factor 10
-6 

on 40 day (40 and 31 cfu/g) and 

on 20 day (115 and 87 cfu/g) in both 

polluted and non-polluted soils respectively. 

  

Table 2: Population of actinomycetes* (CFU × 10
2
) g

-1
 in polluted soil samples of Saptagir 

Camphor industry 

Dilution factors 

Saptagir Camphor Polluted Soil sample 

Incubation in days 

0 day 10
 
days 20

 
days 30

 
days 40

 
days 

P 55a 
 
(100) 95b  (173) 148c

  
(269) 105b (191) 72e (131) 

Q 32a (100) 65b  (203) 115c (359) 89d  (278) 40a (125) 

R 21a  (100) 44b  (209) 86c (409) 58d (276) 33e (157) 

S 12a
 
 (100) 26b (217) 52c (433) 34d (283) 16e  (133) 
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**Dilution factor P = 10
-5

; Q = 10
-6

; R = 10
-

7
; S = 10

-8
 

*Number of colonies per gram soil = 

no. of colonies dilution factor

dry weight of soil



  
Figures, in parenthesis, indicate relative 

production percentages. 

Values in the table and figure are means of 

triplicates. 

Means, in each column, followed by the 

same letter or not significantly different (P ≤ 

0.005), from each other according to 

Duncan's Multiple Range (DMR) test.

 

 

Table 3: Population of actinomycetes* (CFU × 10
2
) g

-1
 in non polluted soil samples of 

Saptagir Camphor industry 

Dilution factors 

Saptagir Camphor non Polluted Soil sample 

Incubation in days 

0 day 10
 
days 20

 
days 30

 
days 40

 
days 

P 40a 
 
(100) 80b (200) 112c

  
(280) 85b (212) 53e

 
 (132) 

Q 21a (100) 48b  (228) 87c (414) 68d (324) 31e
  
(148) 

R 17a  (100) 28b  (165) 62c (365) 46d (270) 22e  (129) 

S 8a  (100) 18b  (225) 38c (475) 27d (337) 11e  (137) 

 

 

 

**Dilution factor P = 10
-5

; Q = 10
-6

; R = 10
-

7
; S = 10

-8
 

*Number of colonies per gram soil =  

no. of colonies dilution factor

dry weight of soil



  
Figures, in parenthesis, indicate relative 

production percentages. 

Values in the table and figure are means of 

triplicates. 

Means, in each column, followed by the 

same letter or not significantly different (P ≤ 

0.005), from each other according to 

Duncan's Multiple Range (DMR) test. 

 

 

This is because, as incubation period 

increases the depletion of nutrients occurs 

and hence the population reduces on 

prolonged incubation. The polluted soils of 

Saptagir Camphor industry show higher 

actinomycetes population than in non-

polluted soil. But the population of 

actinomycetes is lower when compared to 
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bacterial population inhabting the same soil. 

This may also be attributed due to the 

alkaline nature of the soil, since soil 

actinomycetes have been known to tolerate 

acidic environment than the true bacteria.  

Anna Lenart-Boron and Piotr Boron (2014) 

reported that actinomycetes were much less 

abundant in heavy metal polluted soils than 

in uncontaminated soils. Heavy metal 

contamination results in reduction of 

microbial biomass and even if they do not 

cause the reduction in their number they 

reduce biodiversity or disturb the 

community structure. Quantitative analysis 

of soil microbial populations shows a 

marked decrease in total culturable numbers 

of the different microbial groups of the 

contaminated soil samples (Adilia Oliveira 

and Pampulha, 2006). Actinomycetes have 

lesser degree of resistence to heavy metals. 

The 12 years repeated application of oil 

refinery treated wastewater had not 

significantly changed the microbial 

dynamics of the soil and possibly they had 

adapted to the changed soil environment by 

developing various levels of metal resistance 

(Hayat et al., 2002). Kouchou et al., (2017) 

demonstrated that changes in soil conditions 

due to heavy metals (Cr, Cu and Zn) 

contamination have a large negative effect 

on actinomycetes populations of soil.   

 

Population of Azospirillum sp. 

Azospirillum sp. is free-living, diazotrophic, 

nitrogen-fixing bacterium, is most widely 

used as inoculant for soil fertility both in 

legume and non-legume crops, with a well-

developed technology for its production as 

an inoculant. They are commonly known as 

plant-growth-promoting bacteria (PGPB). 

The population of Azospirillum sp. (MPN) 

of polluted and non-polluted soil of Saptagir 

Camphor industry were presented (Table 4 

and 5) respectively. Population of 

Azospirillum sp. (MPN) has been decreasing 

with increasing dilution factor from 10
-5

 to 

10
-8

. The population in the dilution factor 

10
-5

 is higher than 10
-8

 on 0 day. The 

maximum population of Azospirillum sp. 

was observed on 20 day in the dilution 

factor 10
-5

 ie. 32.01 in polluted soils and 

19.10 in non-polluted soils of Saptagir 

Camphor industry. The reduction in 

population of Azospirillum sp. was observed 

on 40 day in the dilution factor 10
-8

 ie. 0.40 

in polluted soils and 0.30 in non-polluted 

soil. However, the population of polluted 

soils is two-fold higher than non-polluted 

soil in all the dilutions. The same trend was 

observed on all the incubation days, in 

polluted and non-polluted soil. This is 

because the substrate concentration is 

directly proportional to microbial 

population. The population of Azospirillum 

sp. on 0 day is relatively low, as the days of 

incubation increased the population 

significantly enhanced upto 20 day whereas 

on further increasing the incubation (30 and 

40 days) there was an eventual reduction in 

population. The population of Azospirillum 

sp. on 40 day was subsided compared to 20 

day. The population of Azospirillum sp. in 

dilution factor 10
-6 

on 40 day (5.40 and 3.60) 

and on 20 day (16.30 and 9.90) in both 

polluted and non-polluted soils respectively. 

This is because, as incubation period 

increases the depletion of nutrients occurs 

and hence the population reduces on 

prolonged incubation. The polluted soil of 

Saptagir Camphor industry shows higher 

population of Azospirillum sp. than in non-

polluted soil. This may be due to the release 

of effluents in organic nature. The contents 

of total nitrogen and sulphur are also higher 

in polluted soils than in non-polluted soil. 

Scanty reports have been published on the 

influence of industrial effluents on 

population of Azospirillum sp.   
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Table 4: Population of Azospirillum sp. (MPN × 10
2
 g

-1
) in polluted soil samples of Saptagir 

Camphor industry 

Dilution factors 

Saptagir Camphor Polluted Soil sample 

Incubation in days 

0 day 10
 
days 20

 
days 30

 
days 40

 
days 

P 6.60a
 
(100) 14.30b  (217) 32.02c

  
(485) 21.60d (327) 12.20e

 
 (185) 

Q 3.70a (100) 6.10b  (165) 16.30c (440) 10.10d  (273) 5.40e (146) 

R 1.90a (100) 3.20b (168) 7.10c  (374) 4.70d (247) 3.15e (166) 

S 0.60a (100) 1.45b  (242) 3.25c  (542) 2.30d (383) 0.40e
 
 (67) 

 

 

*Dilution factor P = 10
-5

; Q = 10
-6

; R = 10
-7

; 

S = 10
-8

 

Figures, in parenthesis, indicate relative 

production percentages. 

Values in the table and figure are means of 

triplicates. 

Means, in each column, followed by the 

same letter or not significantly different (P ≤ 

0.005), from each other according to 

Duncan's Multiple Range (DMR) test. 

 

Table 5: Population of Azospirillum sp. (MPN × 10
2
 g

-1
) in non polluted soil samples of 

Saptagir Camphor industry 

Dilution factors 

Saptagir Camphor non Polluted Soil sample 

Incubation in days 

0 day 10
 
days 20

 
days 30

 
days 40

 
days 

P 3.80a 
 
(100) 10.05b  (264) 19.10c

  
(503) 13.95d (367) 6.40e

 
 (168) 

Q 1.70a (100) 4.50b  (265) 9.90c (582) 5.80d  (341) 3.60e (212) 

R 0.98a  (100) 1.90b  (194) 5.04c  (514) 2.40d (245) 1.30e (133) 

S 0.40a
 
  (100) 0.65b  (162) 2.01c  (502) 0.68b (170) 0.30e

 
 (133) 

 

 

*Dilution factor P = 10
-5

; Q = 10
-6

; R = 10
-7

; 

S = 10
-8

 

Figures, in parenthesis, indicate relative 

production percentages. 

Values in the table and figure are means of 

triplicates. 

Means, in each column, followed by the 

same letter or not significantly different (P ≤ 

0.005), from each other according to 

Duncan's Multiple Range (DMR) test.
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CONCLUSION  

Soil microbial populations such as 

actinomycetes and Azospirillum sp. were 

significantly higher in polluted soil samples 

than in non-polluted soil. Population of 

actinomycetes and Azospirillum sp. were 

significantly enhanced in polluted soil than 

in non-polluted soil and were increased with 

increase in the incubation period up to 20 

days compared to 0 day, however, 

population count was decreased after 20 

days of incubation. The population count 

decreases with increase in the dilution 

factor. The population of Azospirillum sp. in 

polluted soil is two-fold higher than in non-

polluted soil. In fact, studies have shown 

that the ability of microbes to tolerate a 

definite level of pollutants under natural 

conditions might be owing to the complex 

nature of the soil environment.  
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