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ABSTRACT 
 

Groundnut plant generally provides the much needed protein especially among millions of ordinary 
Nigerians. The seeds are nutritional source of vitamin E, niacin, falacin, calcium, phosphorus, magnesium, zinc, 
iron, riboflavin, thiamine and potassium. Groundnut kernels are consumed directly as raw, roasted or boiled 
kernels or oil extracted from the kernel is used as culinary oil. It is also used as animal feed (oil pressings, seeds, 
green material and straw) and industrial raw material (oil cakes and fertilizer). These multiple uses of groundnut 
plant make it an excellent cash crop for domestic markets as well as for foreign trade in a developing country 
like Nigeria. The bacterial community composition in the rhizosphere of this plant is important for the 
performance of plant as bacterial species can have beneficial, neutral or harmful relationships with the roots. 
Strategic and applied research has demonstrated that certain co-operative bacterial activities in the rhizosphere 
of groundnut plant can be exploited, as a low - input biotechnology to help ensure the stability and improved 
productivity of groundnut agricultural systems and the natural ecosystems. The bacteria present in the root zone 
of groundnut variety RMP91were isolated and identified. The bacteria isolated from the rhizosphere soil were 
Bacillus cereus, Bacillus subtilis, Pseudomonas aeruginosa, Pseudomonas fluorescens, Klebsiella pneumoniae, 
Proteus vulgaris, Streptococcus pyogenes, Streptococcus faecalis, Micrococcus luteus, Micrococcus varians, 
Azotobacter chrocooccum, Rhizobium japonicum, Serratia marcescens, Agrobacterium tumefeciens, Aerobacter 
aerogenes, Clostridium perfringens, Citrobacter freundii, Alcaligenes faecalis, Enterobacter aerogenes, and 
Flavobacterium lutescens. The predominant bacteria in the rhizosphere soil were B. subtilis, B. cereus, Ps. 
aeruginosa, K. pneumoniae, R. japonicum and A. chrocooccum. The predominant bacteria in the non-
rhizosphere soil were Escherichia coli, B. subtilis, and Staphylococcus aureus. The experimental soil was 
determined to be sandy loam in texture. The result indicated a progressive increase in the rhizosphere effect and 
bacterial population with increase in plant age until the eight weeks after planting and subsequently there was a 
decline. Further studies on bacterial biodiversity in the root zone of groundnut, dynamics and their co-operative 
activities in this part of the globe are clearly needed, in view of their increasing biotechnological importance to 
improve plant productivity. 
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Introduction 
 

The soil immediately surrounding the plant root 
called rhizosphere soil is not a uniform well-defined 
region but rather a region with microbial gradient 
depending principally on the plant species extending 
from the root surface or rhizoplane [30,20,23]. 
Microbial proliferation in the rhizosphere occurs in 
response to input of organic compounds exuded by 
the roots [9,16]. The improved management of soil 
biota and its biodiversity contributes both to the 
needs of farmers especially in maintaining 
productivity and increasing returns from labor and 
other inputs, and to national interests through 

maintaining a healthy and well functioning 
ecosystem in terms of water quality (hydrological 
cycle) and preventing soil erosion and land 
degradation (nutrient and carbon cycles). There is 
need to improve recognition of these multiple 
benefits and to promote actions that maintained/ 
enhanced soil biodiversity and its vital and valuable 
functions [28]. Although major advances in genomic 
technologies and in-situ studies of beneficial plant- 
microbe interactions have produced a large amount 
of knowledge given insight into the mechanisms of 
these interactions, their application in biotechnology 
and agriculture has yet to be exploited [25,2]. A 
greater understanding of how plants and soil 
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microbes live together and benefit each other can 
therefore provide new strategies to improve plant 
productivity, while helping the environment and 
maintaining global biodiversity [6,9]. 

Rhizosphere is the region that surrounds plant 
roots, where materials released from the roots, and 
the root metabolic activities, change the 
characteristic of the soil. Microbes take advantage of 
the nutrients that the plant provides and on their own 
part, assist the plant in making more essential 
nutrients available for plant use [26,3]. The microbes 
in the rhizosphere also contribute to soil fertility and 
are important in long term maintenance and 
improvement of the soil environment. The 
rhizosphere thus forms an important part of the first 
“world” with which the plant roots interact. It is 
possible to view it as a cloud of microbes, which 
literally surrounds the plant root and is vital for the 
plant survival and growth. The microbes in the 
rhizosphere grow using the available mineral 
deficient root materials as carbon and energy source 
and then develop enzymes to degrade the nutrient 
rich (but carbon poor) resistant soil organic matter. In 
this process, the essential nutrients are changed from 
complex to simpler forms, which are used by the 
microbes. The microbes assimilate the nitrogen and 
other essential nutrients in the forms that the plant 
can use; the process of mineralization. The microbes 
thus serves as a rapid turnover intermediate between 
the plant and the inaccessible nitrogen and other 
nutrient locked up in the soil organic matter, to allow 
the plant - microbe - soil system to function 
effectively [5,1,3,23].  

The present research was carried out to 
determine the bacteria in the rhizosphere of 
groundnut, a legume which is an important source of 
vegetable protein and oil in sub-Saharan Africa. It 
can fix high amount of nitrogen and enhances the 
sustainability of the farming system in Nigeria. It is 
one of the most popular commercial crops in West 
African Nigeria north of latitude 100 N. Groundnut 
kernels, cake and oil, account for as much as 20% of 
total Nigeria export from edible nuts [19]. Groundnut 
seeds (kernels) contain 40-50% fat, 20-50 % protein 
and 10-20 % carbohydrate. Nigeria has once taken 
the lead as the largest producer and exporter of 
groundnut in the sixties [21]. The new effort by the 
government to bring back agriculture to its rightful 
place in the country’s economy further necessitates 
this research. This study was undertaking because 
bacteria growing on the groundnut plant roots can 
influence plant growth positively or negatively; 
therefore the study of differences in bacterial 
colonization among plant varieties can have practical 
implication in terms of effect on the productivity of a 
particular plant (plant nutrition, plant health and 
ecosystem biodiversity).   
 
 
 

Materials and Methods 
 
Description of Study Site: 
 

The study site is situated in the biological garden 
of Federal Polytechnic Bida, Bida, Niger State, 
Nigeria. It is located at 90 2′ 17′′ N, 60 0′ 27′′ E with 
two distinct seasons viz: wet season from May to 
October and dry season from November to April. 
Bida is located in the northern Guinea savannah zone 
of Nigeria. The rainfall average is 1009 mm in 2009. 
The highest temperature occurs between the months 
of March and April. The soils were determined to be 
Sandy- loam in texture with no history of pollution 
for over twenty years. The trial was carried out in the 
wet seasons of 2009. 
 
Land Preparation and Other Management Practices: 
  

The field was disc-ploughed, harrowed and 
ridged at 75cm apart. The seeds were planted on 20th 
June 2009 at 2.5cm depth and 23cm apart. 
 
Collection of Sample: 
 

The seed variety RMP91 planted for this study 
was bought from Institute of Agriculture, Ahmadu 
Bello University, Zaria. Kaduna State, Nigeria. The 
seeds were bought in already sealed sachet and taken 
to the laboratory unopened. The sachets were open in 
sterile atmosphere when the seeds were needed and 
kept sealed using sellotape. The seeds were kept at 
room temperature of 250C±30C when they were not 
needed. The sachets were open each time, in a sterile 
atmosphere to prevent the introduction of foreign 
microorganisms onto the seeds. 

Rhizosphere soil samples were collected by 
carefully uprooting each plant and shaking the soil 
adhering to the roots into sterile polyethylene bags 
labeled and transported to the laboratory immediately 
for analysis following the method described by 
Zuberer [31] Dongmo and Oyeyiola, [13]. 

 
Physicochemical Analysis of Soil Samples Soil pH 
Determination: 
  

The pH of the experimental soil was determined 
using the method described by Bate [7]. Twenty 
grams (20g) of sieved air dry soil was accurately 
weighed and transferred into 250ml beaker. This was 
followed by addition of 20 ml of distilled water. The 
resulting suspension was allowed to stand for 30 
minutes with occasional stirring to enable it reach 
equilibrium. The pH of the suspension was then 
taken with a Pye Unicam pH meter (model 90, MKZ, 
Cambridge UK) equipped with glass electrode. 
 
 
 
 



3198 
Adv. Environ. Biol., 5(10): 3196-3202, 2011 
 

 

Soil Moisture Content Determination: 
 

The method of Pramer, Schmidt and Black, [8] 
was employed. Moisture can was dried to a constant 
weight in an oven. Ten grams (10 g) soil was 
weighed into each Can and oven dried at 105 0C for 
24 hours. After drying the soil was allowed to cool in 
a desiccators containing silica gel and later re-
weighed. After cooling, it was further dried until a 
constant weight was obtained. The difference 
between the initial weight and the final weight after 
drying represented the amount of moisture in the soil 
sample using this formula: 

 
Loss in Weight of Soil Sample  × 100 x% 
Initial weight of soil sample            1 
 
Water Holding Capacity Determination: 
 

The water holding capacity was determined by 
the modification of the methods of Pramer and 
Schmidt (1964) and IITA (1979). Water Holding 
Capacity was calculated as: 
  
Amount of water retained by soil (ml)  =  xml/g 
Weight of the soil used (g) 
 
Organic Matter Content Determination: 
 

This was carried out by oven drying the crucible 
at 105 0C for 24 hours. It was cooled in a desiccators 
and the weight noted. The drying process was 
repeated until a constant weight was obtained. This 
was recorded as weight of oven dried crucible. Oven 
dried soil was placed in the crucible and the total 
weight noted. The crucible containing the soil was 
heated with occasionally stirring with a mounted 
needle on hot plate for about 45 minutes. It was 
cooled in a desiccators and the weight recorded. The 
heating process was continued until a constant 
weight was obtained. The loss in weight represents 
the organic matter content. This represents 
percentage of initial weight of the soil sample 
[24,18].  
 
Soil Texture Determination: 
 

The soil hydrometer method described by 
Pramer and Schmidt [24] was used for determining 
the soil texture. Oven dried soil (fifty grams) was 
placed in a 1 liter beaker. This was followed by 
addition of 200 mL of distilled water and 50 mL of 
dispersion agent (80 g Na0H) dissolved in 2 liters of 
distilled water. The suspension was stirred for 5 mins 
and then transferred into 1 liter measuring cylinder.  
Distilled water was used to make the suspension in 
the measuring cylinder to 1 liter mark. The 
suspension was vigorously mixed by covering the top 
of the cylinder with the palm of one hand and 
shaken. The cylinder was placed on the bench and 

the time noted. The cylinder was allowed to stand for 
30 second and soil hydrometer was inserted gently 
into the suspension.  

The reading was taken after 10 second of 
insertion. This gave the first hydrometer reading 
(H1). Then the hydrometer was removed and a 
thermometer was inserted into the suspension which 
gave the first temperature reading as (T1). The 
thermometer was removed. The suspension was 
allowed to stand for 2 hours before taken the second 
hydrometer reading (H2) and second temperature 
reading (T2). T1 and T2 were converted to degrees 
Fahrenheit (oF).  

The % of sand clay and silt were calculated 
using the formula below.  
 
% Sand = 100.0 – (H1+ 0.2 (T1 – 68) – 2.0)2 
 
% Clay = (H2 + 0.2 (T2 – 68) – 2.0) 2 
 
% Silt = 100.0 – (%sand + % clay) 
 

Reference was made to appropriate triangle after 
calculating the percentages of sand, clay and silt in 
the soil to get the soil texture [24,22]. 

 
Isolation and Enumeration of Bacteria from Non-
Rhizosphere and Rhizosphere Soil:  
 

Distilled water (90 ml) was transferred into each 
flask labeled 1-6 and plugged before sterilization by 
autoclaving. Serial dilutions 10-1, 10-2, 10-3, 10-4 10-5 

and 10-6 were done following the method described 
by Dubey and Maheshwari [14]. Soil suspension (1 
ml) was transferred from 10-6 dilution into 
Thornton’s agar plates in three replicates each 
containing 30 mg/l nystatin to prevent fungi 
contaminates from growing (supplemented after 
autoclaving just before pouring into plates). Sterile 
bent glass rod was used to aseptically spread the 
suspension uniformly on the medium. The plates 
were then incubated at 25 ± 1oc for 24 to 48 hours. 
Representative colonies were taken for purification 
and stock cultures were prepared on nutrient agar 
slants in McCartney bottles. Stock cultures were 
preserved in the refrigerator until needed [14,15].  

Total bacterial count was also determined (CFU 
g-1 dry soil). Specific bacteria were isolated 
aseptically for characterization and identification. 
Similar procedure as above was followed for 
isolation and enumeration of bacteria from 
rhizosphere soil. 
 
Determination of Rhizosphere Effect (R/S Ratio): 
 

The values of CFUs of rhizosphere bacteria were 
divided by non-rhizosphere bacteria. The value 
obtained represents the R/S ratio which is the 
rhizosphere effect and is calculated following the 
formula bellow. 
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R/S ratio No. of CFU g -1 dry soil of rhizosphere 
microorganisms 
No. of CFU g -1 dry soil of non-rhizosphere 
microorganisms 
 
Characterization and Identification of Isolates: 
 

These were done by carrying out a number of 
analyses namely: Morphological characteristics, 
Microscopic examination, Cultural characteristics, 
and Gram staining reactions. Relevant biochemical 
tests were also carried out including production of 
catalase, coagulase, oxidase, indole, utilization of 
citrate, fermentation of sugars, presence of spore, 
H2S test, production of gas, oxidation fermentation 
test (OF), gelatin liquefaction, urease test, starch 
hydrolysis, triple sugar iron agar test, motility and 
methyl red-voges proskauer test. Confirmatory 

identities of the bacteria were made using the 
Bergey’s Manual of Determinative Bacteriology 
[17,11,10] and also as described by. 
 
Results and Discussion 
 

The experimental soil was determined to be 
sandy loam in texture with a pH of 7.3 as shown in 
Table 1.  The physical and chemical characteristics 
of the experimental non-rhizosphere soil indicated no 
definite pattern with repeated fluctuation as the plant 
aged (Table 2). The rhizosphere experimental soil 
however indicated a progressive increase in some 
parameters namely: moisture content, organic matter 
and water holding capacity as the plant aged with a 
corresponding pH decrease as indicated in Table 2. 
The percentage frequency of occurrence of these 
bacterial cultures is presented in Table 3.

 
Table 1: Physical and chemical characteristics of the experimental soil at the beginning of the trials.  

Characteristics                 Values 
pH       7.3  
Moisture Content (%)      4.4  
Water Holding Capacity (mLg-1)      0.29     
Organic matter content (%)      3.3  
Mineral Fraction 
   Sand (%)      83.2 
   Silt (%)      5.9 
   Clay (%)      10.9 
  Soil texture                                    Sandy loam      

 
Table 2: Physical and chemical characteristics of non-rhizosphere and rhizosphere soil as the plant aged.     

Plant age (weeks) 
2 4 6 8 10 12 14 

Characteristics NS RS NS RS NS RS NS RS NS RS NS RS NS RS 
pH 7.3 7.3 7.3 7.3 7.1 7 7 6.9 7 6.8 7.1 6.8 7.1 6.8 
Moisture content (%) 4.4 4.4 4.5 4.6 4.6 4.7 4.6 4.8 4.8 5 4.9 5 4.9 5.1 
Water holding capacity mLg-1 0.29 0.29 0.29 0.3 0.28 0.3 0.27 0.31 0.27 0.32 0.25 0.33 0.25 0.35 
Organic matter content (%) 3.3 3.4 3.3 3.5 3.4 3.6 3.5 3.7 3.6 3.7 3.6 3.9 3.6 3.9 

 NS: Non-rhizosphere soil; RS: Rhizosphere soil  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Number of bacteria (Cfug-1) fresh sample of  rhizosphere soil and non-rhizosphere soil as the plant aged. 
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Table: Percentage frequency of occurrence of bacteria in rhizosphere and non-rhizosphere soil. 
Isolates Sampling period (weeks) 
  2 4 6 8 10 12 14 
From rhizosphere soil 
Bacillus subtilis 15 16 14 14 14 14 13 
Bacillus cereus              16 16 15 14 14 15 15 
Pseudomonas aeruginosa 20 21 19 20 19 21 19 
Pseudomonas fluorescens - - 3 3 3 2 4 
Klebsiella pneumoniae         12 12 11 10 10 11 10 
Proteus vulgaris 5 5 6 4 4 5 4 
Streptococcus pyogenes            4 3 - - - - - 
Streptococcus faecalis            - - 3 2 2 3 2 
Micrococcus luteus  5 3 - 2 3 - - 
Micrococcus varians - - 2 2 3 - - 
Azotobacter chrocooccum 6 5 5 5 5 6 5 
Rhizobium japonicum                               13 12 10 11 10 11 12 
Citrobacter freundii     - - 3 3 3 2 3 
Agrobacterium tumefaciens - - 3 2 3 - - 
Aerobacter aerogenes 4 3 2 2 2 3 2 
Clostridium perfringens                 - - - - - - 2 
Citrobacter freundii     - - 2 2 3 2 3 
Alcaligenes faecalis - 4 2 2 - - - 
Enterobacter aerogenes                     - - - - - 2 3 
Flavobacterium lutescens - - - 2 2 3 3 
From non-rhizosphere soil 
Bacillus subtilis 27 27 25 28 26 28 26 
Pseudomonas aeruginosa 9 8 9 10 9 9 8 
Escherichia coli 24 26 23 25 22 20 23 
Proteus vulgaris 10 4 9 6 7 10 9 
Citrobacter freundii     - - 4 4 - - 3 
Flavobacterium lutescens - - 4 3 4 3 3 
Agrobacterium tumefaciens - - - 3 4 - - 
Micrococcus varians 8 9 6 - 8 9 7 
Staphylococcus aureus 22 26 20 21 20 21 21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Variation in (R/S ratio) of  the number of bacteria isolates from rhizosphere soil and non-rhizosphere soil 

as the plant aged. 
 
Discussion: 
 

A total of twenty bacteria were isolated from the 
rhizosphere of groundnut. These bacteria are B. 
cereus, B. subtilis, P. aeruginosa, P. fluorescens, K. 
pneumoniae, P. vulgaris, Streptococcus pyogenes, S. 
faecalis, Micrococcus luteus, M. varians, 
Azotobacter chrocooccum, Rhizobium japonicum, 
Serratia marcescens, Agrobacterium tumefeciens, 
Aerobacter aerogenes, Clostridium perfringens, 

Citrobacter freundii, Alcaligenes faecalis, 
Enterobacter aerogenes, and Flavobacterium 
lutescens. 

More bacteria occurred qualitatively in the 
rhizosphere soil than non-rhizosphere soil as 
observed in the percentage frequency of occurrence 
of these bacterial cultures in Table 3. B. cereus, P. 
fluorescens, K. pneumoniae, S. pyogenes, S. faecalis, 
M. luteus, A. chrocooccum, R. japonicum, A. 
aerogenes, Cl. perfringens, A. faecalis, and E. 
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aerogenes were all present in the rhizosphere soil but 
absent in the non-rhizosphere soil. This is in line 
with the findings of Curl and Truelove, [12] Travis et 
al., [27] Annelis et al., [5] Oyeyiola, [23] that more 
bacteria are found in the rhizosphere of a plant due to 
exudates secreted by the plant which could have 
made rhizosphere samples richer in nutrients there by 
increasing the diversity of microbes isolated. 
However, the community structure and functional 
consequences arising from the increase are not well 
understood. The predominant bacteria in the non-
rhizosphere soil were Escherichia coli, B. subtilis, 
and Staphylococcus aureus.  

There was a progressive increase in the 
rhizosphere effect (R/S ratio) with increase in plant 
age until the eight weeks after planting and 
subsequently there was a decline. This decline could 
be due to the competition for the available nutrient as 
a result of increase in population that has occurred in 
the previous weeks. R/S ratio is a reflection of the 
ratio of the number of rhizosphere bacteria compares 
with the number of non-rhizosphere bacteria. Similar 
observation was also made by Barea et al., [9] White 
et al., [29]. Similarly, there was a progressive 
increase in number of bacteria in both the 
rhizosphere and non-rhizosphere soil up-till week 
eight after planting and subsequently declined 
progressively till the end of the experiment. 

Pseudomonas and Bacillus were among the 
dominant genera identified from the rhizosphere of 
groundnut. These genera of bacteria have being 
described by a number of authors as having plant 
growth promotion (Plant growth promoting 
rhizobacteria) and are known to participate in many 
ecosystem processes, such as biological control of 
plant pathogen, nutrient cycling and or seedling 
growth [28,25,9]. It can be concluded that this 
research provides baseline information about the 
bacterial biodiversity in groundnut rhizosphere soils. 
Data on rhizosphere bacterial flora of groundnut is 
limited in this part of the world. Information from 
this type of research will help us begin to understand 
how groundnut and other related legume 
management practices and differences in microbial 
colonization among plant varieties could be use to 
influence productivity of groundnut plant positively. 
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