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Nitrogen fixing and phosphate solubilising bacteria developed elsewhere have 
not been very consistent in their performance everywhere, owing to their poor ability 
to the changing soil and agro climatic conditions. There is a wide gap in 
understanding the relationship between various soil properties and these potential 
bacteria or their activities especially in vertisols. Thus, in the present investigation an 
attempt was made to study the diversity of efficient nitrogen fixing and phosphate 
solubilising bacterial population in the rhizosphere and non rhizosphere, chickpea and 
sorghum, black and red soils. Rhizobium population was recorded to be more in the 
rhizosphere of chickpea (black soil) and azotobacter population was recorded to be 
more in the rhizopshere of sorghum (red soil). However, black soils have revealed 
relatively more number of rhizobia and azotobacter, when compared to the red soils. 
Phosphate solubilising bacteria were reported to be more in red soils, when compared 
to black soils, irrespective of rhizosphere and non rhizosphere of both chickpea and 
sorghum.  
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1. INTRODUCTION 

Soil productivity is one of the major environmental concerns for the worlds 
poor. Several National and international forums reemphasized the need to establish 
sustainable livelihoods for the poorer who are worst affected by soil fertility and crop 
productivity [1]. This is a critical issue for both human care and environmental well 
being. In view of the threats and demands currently placed upon our soil eco-systems, 
there is an increasing interest in the factors governing soil fertility and microbial 
diversity. Many of the functions of the soil including the productivity and health of 
agricultural processes are being carried out by the unique microbial communities in 
soils [2]. Biodiversity, as this assemblage of life forms is referred to have now been 
acknowledged as the foundation for sustainable livelihood and food security. 
Researchers are also aware of the immense potentials of the various life forms 
especially, in the context of recent advances made in science and technology. Biological 
diversity refers to the variety and variability among living organisms and the ecological 
complexes in which they occur. Indirect benefits of biological diversity include nutrient 
trapping, maintaining water cycles, soil protection, absorption and breakdown of 
pollutants etc.  Paradoxically, despite the acknowledged commercial value of 
microorganisms our knowledge of their diversity and many of their key roles in 
sustaining global life support systems is extraordinarily meager [3]. With respect to 
microbial diversity, microorganisms have been used in a variety of ways to serve the 
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mankind for sustainable development [4]. The driving forces of microbial (bacterial, 
viral, viroid, filamentous fungal, yeast, micro-algal, and protozoan) diversity include 
the genetic constitution of these organisms, the environment in which they are found, 
and ecological interactions with other components of the biosphere.  

The root system of higher plants is always associated with vast populations of 
metabolically active microorganisms in addition to an inanimate environment 
composed of organic and inorganic substances. The living roots of the plants are 
known to influence the rhizosphere microflora quantitatively and qualitatively. 
Investigations by earlier workers have shown that the rhizosphere microorganisms are 
important in soil plant relationships. The population of microorganism increases in the 
presence of plant roots only [5].  

Starkey [6] showed that the microflora of the rhizosphere differs both 
quantitatively and qualitatively from that in the soil beyond the influence of the root. 
The quantity and quality of the microflora in the plant rhizosphere depend largely 
upon the physiological conditions of the plant [7; 8]. Katznelson [5] made a 
comparison of the microbial counts per gram of firmly adhering soil (R) with the 
counts per gram of soil away from the roots (S) and the ratio between R and S (R:S) 
was suggested as standard for comparing the rhizosphere effect in different plants 
growing in different soils.  

 The region of North Eastern part of Karnataka covering Gulbarga and Bidar 
districts have unique agricultural ecosystems with black and red soils respectively. 
These soils are categorized as vortisol type and are known for the crop productivity 
because of their physico chemical and nutritional attributes. Although, a lot of work 
has been carried out on the nitrogen fixing and phosphate solubilising bacteria of 
these soils, integrated approach considering total bacterial communities prevailing in 
the rhizosphere of crops is very meager. Therefore, it is aimed to understand the 
structural and functional bacterial communities from the rhizosphere and non 
rhizosphere black and red soils of chickpea and sorghum.   

2. MATERIALS AND METHODS  

Selection of fields and collection of soil samples  

Rhizosphere and non-rhizosphere soil samples of both chickpea and sorghum 
from the selected field stations in Gulbarga and Bidar districts were collected as per 
the standard procedure by Jackson [9]. Plants (8 to 10) at the tender age were 
carefully uprooted from each field station. The soil adhered to root system of all the 
collected plants pooled together and about 500 g of soil was collected in a polythene 
bag as rhizosphere soil samples of that particular plant. Similarly, the soil samples 
nearer to the location of uprooted plants but away from the influence of the root 
systems were also collected and pooled. 500 g of the pooled samples was considered 
as non rhizosphere soil sample of that particular plant. Soil adhered to the root system 
were collected at three different length of the root system to obtain surface, sub 
surface and deep soils. Surface, subsurface and deep soils were collected between 
three regions vertically, at the depth of 01 to 05 cm, 06 to 10 cm and 11 to 15 cm 
respectively. The soil on the surface level was considered as surface soil. At the 
similar levels, non-rhizosphere soil samples were also collected.  
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Isolation and enumeration of Rhizobia  

Rhizobia were isolated from different rhizosphere and non rhizosphere soil 
samples by following serial ten fold soil dilution plate count technique as described 
by Vincent [10].  Yeast extract mannitol agar (Yeast Extract - 1 g; Mannitol - 10 g; 
Dipotassium Phosphate - 0.5 g; Magnesium Phosphate - 0.2 g; Sodium Chloride - 0.1 
g; pH - 6.8 ± 0.2; Water – 1 L and Agar - 20 g;) along with congo red as an indicator 
was employed as specific medium for the isolation of rhizobioum. Population of 
rhizobia was estimated by standard formula [10] using average colony count, dilution 
factor and volume of the inoculum.  

Isolation and enumeration of Azotobacter  

Azotobacter from all the collected different rhizosphere and non rhizosphere 
soil samples were isolated on Jensen’s medium (Sucrose - 20 g; Dipotassium 
Phosphate - 1 g; Magnesium Sulphate - 0.5 g; Sodium Chloride - 0.5 g; Ferrous 
Sulphate - 0.1 g; Sodium Molybdate - 0.005 g; Calcium Carbonate - 2 g; Water - 1 L 
and Agar - 20 g) by following the standard serial dilution plate count technique [11]. 
The colonies showing the standard features were accounted for the enumerations of 
Azotobacter per gram of the soil. The calculation was carried out as mentioned 
earlier. 

Isolation and enumeration of phosphate solubilising bacteria  

Phosphate solubilising bacteria from the collected rhizosphere and non 
rhizosphere soil samples were isolated and enumerated on Pikvoskay’s medium 
(Tricalcicum Phosphate - 10.0 g; Ammonium Sulphate - 5.0 g; Potassium Chloride - 
0.5 g; Magnesium Sulphate - 0.2 g; Manganese Sulphate - 0.1 g; Ferrous Sulphate - 
Trace; Yeast Extract - 0.5 g; Water – 1 L and Agar - 20 g) by following the standard 
serial dilution plate culture method Pikovskay’s [12].  

3. RESULTS AND DISCUSSION  

There are two schools of though regarding the genesis of the associated red 
and black soils. One school of thought attributed their genesis to the differences in the 
topography. Wherever the soil is red it is usually close to the hills and overlies a thin 
layer of decomposed granite and highly kaloinised feldspar. With increase in the 
distance from the hills black soil of increasing thickness occurs and this is found 
overlying a thicker layer of decomposed and kalonised material. Very few have dealt 
with the close association of only red and black soils as distinct entities with clear 
lines of demarcation, under almost similar [13]. Another school of thought attributed 
the genesis of these complex soils to the differences in the mineralogical make up of 
the parent materials. Ramaiah and Raghavendrachar [14] reported that although black 
and red soils in the Madras Presidency (India) are derived from granite and gneiss and 
occur side by side, the two types are associated with rocks containing minerals of 
different chemical composition.  

Rhizobium population of chickpea rhizosphere and non rhizosphere black 
soils are as presented in Figure 1. Bhangargi, Pattan, Dandhoti, and Kirangi locations 
have recorded maximum population of Rhizobia in chickpea rhizosphere black soils 
followed by Gobbur, Doranhalli, Malkhed and Ainoli locations. The lowest 
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population was recorded in Yadgir and Rangampet locations. In the chickpea non 
rhizosphere black soils, the maximum population of Rhizobia was recorded in Pattan, 
Kirangi and Bhangargi locations followed by Dandhoti, Gobbur, Ainoli and Malkhed 
locations. The less population of Rhizobia in chickpea non rhizosphere black soils 
was reported in Doranhalli, Rangampet and Yadgir locations. The maximum 
population of Rhizobia was determined from subsurface soils followed by surface and 
deep region of chickpea non rhizosphere black soils. A survey conducted by Rupela 
and Saxena [15] on chickpea root nodulation in different growing regions of the 
country revealed poor to adequate nodulation. In general, red soils of Rayalseema 
region (Andhra Pradesh) contained fewer nodules as against very good nodulation in 
medium black soils of Dharwad and Raichur districts of Karnataka and Parbhani and 
Latur districts of Maharashtra. Poor nodulation was also observed in coastal plains of 
Saurashtra while medium black calcareous soils of Junagadh, Rajkot and Amreli 
districts supported adequate nodulation. However, ineffective nodules exceeded the 
number of effective nodules. Out of eighty Rhizobium cultures isolated from different 
parts of the country, only five were found to be effective.  

Phosphate solubilising bacterial population of chickpea rhizosphere and non 
rhizosphere soils are as shown in Figure 2. Sub surface soils of both rhizosphere and 
non rhizosphere chickpea black soils have shown maximum population followed by 
deep and surface soils. In both rhizosphere and non rhizosphere soils, Kirangi, Pattan 
and Bhangargi have shown maximum population of phosphate solubilising bacteria.  
Dandhoti, and Gobbur have recorded moderate population. All the remaining 
locations have shown the lowest population. Sundara Rao and Sinha [16] isolated a 
number of phosphate solubilisers free wheat rhizosphere by Corithead method and 
colonies with clear zone on Pikovskaya’s medium were purified by repeated plating. 
Subba Rao and Bajpai [17] and Chhonkar and Subba Rao [18] isolated a number of 
fungi from legume nodule surfaces. These results give a way to expect possible 
beneficial interactions between PO4 solubilisers and N2 fixing Rhizobium. Bhurat and 
Sen [19] isolated PO4 solubilisers from leaf surfaces of pea, barley and gram by 
incubating discs of leaves on solid medium with tricalcium phosphate.  

Rhizobium population in chickpea rhizosphere and non rhizosphere red soils 
are as presented in Figure 3. In both rhizosphere and non rhizosphere regions, sub 
surface soils have shown maximum populations followed by surface and deep soils. 
Hudgi, Basavakalyan, Mudabi and Kallur locations have given more population of 
Rhizobia followed by remaining locations of chickpea rhizosphere red soils. 
However, Hudagi, Basavakalyan and Mudabi soils have shown maximum population 
in chickpea non rhizosphere red soil followed by the remaining locations.  

Phosphate solubilising bacterial population in rhizosphere and non rhizosphere 
red soils of chickpea are as presented in Figure 4. In the chickpea rhizosphere and non 
rhizosphere red soils, sub surface soils have recorded higher population count 
followed by deep and surface soils. Mudabi, Hudagi and Basavakalyan have shown 
maximum population of phosphate solubilising bacteria. The least population was 
recorded in Bidar soils, where as the remaining locations have shown the moderate 
population. 

Not much information is available on the occurrence and activities of specific 
groups of microorganisms, in general, and of azotobacteris in particular, in the 
rhizosphere of important crop plants, especially in the black and red soils of north 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-IV, July 2014 Special Issue 

 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

Page 114 

eastern part of Karnataka. The present study reveals high variations among the 
nitrogen fixing and phosphate solubilising bacterial population in the rhizosphere and 
non-rhizosphere soils, of both black and red from Gulbarga and Bidar districts 
respectively. In addition to the soil physico chemical and nutritional properties, the 
root exudates of chickpea may be mainly responsible for the significant variations 
among the bacterial populations.  Figure 5 reveals Azotobacter population of sorghum 
rhizosphere and non rhizosphere black soils. In both rhizosphere and non rhizosphere 
black soils, population of Azotobacter was more in sub surface soils followed by 
surface and deep soils. In sorghum rhizosphere black soils Pattan, Kirangi, Bhangargi 
and Dandhoti locations have shown highest population of Azotobacter followed by 
Malkhed, Gobbur, Ainoli and Rangampet. The least population was established in 
Yadgir and Doranhalli soils. In sorghum non rhizosphere black soils Kirangi, Pattan, 
Bhangargi have recorded maximum population of Azotobacter followed by Dandhoti, 
Gobbur and Malkhed soils. The lowest population was recorded in Rangampet 
followed by Doranhalli, Ainoli and Yadgir soils.  

Phosphate solubilising bacterial population in sorghum rhizosphere and non 
rhizosphere soils are shown in Figure 6. In rhizosphere and non rhizosphere black 
soils of sorghum sub surface soils have shown maximum population followed by deep 
and surface soils. Pattan, Kirangi and Bhangargi have recorded the maximum 
population followed by Dandhoti and Gobbur. All the remaining locations have 
recorded the least population of phosphate solubilising bacteria in both rhizosphere 
and non rhizosphere black soils of sorghum.  

Azotobacter population of sorghum rhizosphere and non rhizosphere red soils 
are presented in Figure 7. In sorghum rhizosphere red soil Basavakalyan, Mudabi and 
Hudagi have shown maximum population of Azotobacter followed by Koudihal, 
Humanabad and Chitaguppa locations. Kallur, Khanapur and Bidar locations have 
recorded the low population of Azotobacter. In the non rhizosphere red soils of 
sorghum Mudabi, Basavakalyan and Hudagi have recorded maximum population of 
Azotobacter.  Humanabad, Koudihal, Chitaguppa, Kallur and Khanapur locations 
have recorded moderate population count of Azotobacter followed by Bidar location 
with the lowest population count.  

Phosphate solubilising bacterial population of sorghum in rhizosphere and non 
rhizosphere red soils are shown in Figure 8. In the sorghum rhizosphere and non 
rhizosphere red soils also, sub surface soils have shown higher population of 
phosphate solubilising bacteria than deep and surface soils. Mudabi, Basavakalyan 
and Hudagi locations have given maximum population of phosphate solubilising 
bacteria in both rhizosphere and non rhizosphere red soils of sorghum. Koudihal and 
Chitaguppa locations have given moderate count. Bidar location has shown the lowest 
population count of phosphate solubilising bacteria in both rhizosphere and non 
rhizosphere red soils of sorghum.  

Evarsince Hiltner [20] brought out the significance of rhizosphere effect in 
plants. Several investigators have probed into the inter relationships that exists 
between plant roots and rhizosphere microorganism. The rhizosphere effect has been, 
in general, studied along two broad lines, one concerning the influence of plant on the 
microorganisms and the other of rhizosphere microorganisms on the plant. The latter 
is concerned with the study of role of rhizosphere microorganisms on the growth and 
health of the plant. However, it has been proved beyond doubt that the microbial 
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mantle around the root exerts a profound effect, positive or negative on plant growth.  
Among many beneficial soil bacteria, Rhizobia, Azotobacters and Phosphate 
solubilisers are important, particularly, in the rhizosphere of crop plants. In the 
present study, the influence of root exudates on the rhizosphere microorganisms is 
very high resulting into the more population of Azotobacter in the rhizosphere, when 
compared to the non rhizosphere, especially in black soils. However, the influence of 
root exudates seems to be high on the phosphate solubilising bacteria in red soil when 
compared to black soil. It clearly reveals that, not only soil properties but also the host 
crop plays a vital role in regulating the total bacterial population in the rhizosphere.  

4. CONCLUSIONS  

 The significance of rhizosphere effect in plants is well established.  Several 
investigators have probed into the interrelationships that exist between plant roots and 
rhizosphere microorganisms. The rhizosphere effect has been, in general, studied 
along two broad lines. One concerning the influencing of plant on microorganisms 
and the other of rhizosphere microorganisms on the plant. However, it has been 
proved beyond doubt that, the microbial mantle around the root exerts a profound 
effect, positive or negative on plant growth. Among many beneficial soil bacteria, 
Rhizobia Azotobacter and Phosphate solubilising bacteria are important, particularly, 
in the rhizosphere of crop plants. Rhizobia, Azotobacter and Phosphate solubilising 
bacterial population were also determined from the rhizosphere and non-rhizosphere 
soils of chickpea and sorghum in both black and red soils. Naturally, because of the 
several root exudates, the population of these bacteria was predominantly observed in 
the rhizosphere soils than non-rhizosphere soils, in both the crops and soils.  
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Fig. 1: Diversity of rhizobia in chickpea rhizosphere and non rhizosphere black  
             soil  
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Fig. 2: Diversity of phosphate solubilizing bacteria in chick pea rhizosphere and  
             non rhizosphere black soil  
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Fig. 3: Diversity of rhizobia in chickpea rhizosphere and non rhizosphere red  
             soil 
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Fig. 4: Diversity of phosphate solubilising bacteria in chick pea rhizosphere and  
              non rhizosphere red soil  
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Fig. 5: Diversity of azotobacter in sorghum rhizosphere and non rhizosphere  
             black soil  
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Fig. 6: Diversity of phosphate solubilising bacteria in sorghum rhizosphere and  
             non rhizosphere black soil  
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Fig. 7: Diversity of azotobacter in sorghum rhizosphere and non rhizosphere  
             red soil 
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Fig. 8: Diversity of phosphate solubilising bacteria in sorghum rhizosphere and  
            non rhizosphere red soil  
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