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Six concentrations of benomyl (g/ml): 0.00 (control), 0.05, 0.10, 0.20, 0.40 and 0.80 were assayed by 
using 1.5 kg of top soil collected from nursery of Federal University of Technology, Akure, Ondo State, 
Nigeria. Cowpea (IT - 93K - 452 - 1) seeds were planted in the soil sample in different polyethylene bags. 
Harvesting of cowpea seedlings was done on 5, 10, 15, 20, 25 and 30 days of germination. Nodule and 
soil bacterial counts were done; nodulating as well as rhizosphere and non-rhizosphere bacteria were 
cultured and identified. The activity of the isolated bacteria was evaluated by rock phosphate 
solubilisation. Cowpea seedlings were healthy without much loss of root nodules and beneficial 
rhizosphere bacteria at 0.10 and 0.20 g/ml of benomyl. Nodule loss of 94.3% occurred at 0.80 g/ml of 
benomyl when compared to control. Bradyrhizobium japonicum was responsible for nodulation of 
cowpea. Bacillus subtilis, Staphylococcus aureus and Micrococcus luteus were identified from 
rhizosphere while Arthrobacter simplex, Azotobacter chroococum, Pseudomonas aeruginosa and B. 
subtilis also were identified from non-rhizosphere of cowpea. Bacillus subtilis significantly (p < 0.05) 
increased solubilisation of rock phosphates in the presence of benomyl. As benomyl concentration 
increased from 0.00 to 0.80 g/ml, there was a decrease in bacterial population in the rhizosphere. The 
optimum concentration of benomyl on beneficial soil bacteria was 0.10 to 0.20 g/ml. Bacillus subtilis 
could be inoculated to rhizosphere soil of cowpea to increase the amount of soluble phosphate 
available for the growth of cowpea seedlings in benomyl treated soil. 
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INTRODUCTION 
 
Cowpea cultivation has been intensified in developing 
countries to provide protein (Omokaro and Ajakaiye, 
1989). Cowpea (Vigna unguiculata (L.) Walp) is widely 
grown in the tropics and subtropics of African, Asian, and 
Latin American. The origin of the cultivated species was 
from Africa. Cowpea is a widely adapted annual legume, 
fodder and cash crop in the dry savannas of West and 
Central Africa. Although the fresh seeds and pods can be 
frozen or canned, most of the crop is grown for home 
consumption of the dried seed. At present, this species is 
the second most important pulse crop in Africa where 
Nigeria is the biggest producer (Omokaro and Ajakaiye, 
1989). Benomyl is a systemic benzimidazole foliar 
fungicide that is selectively toxic to microorganisms.  It  is 

effective in controlling fungal diseases such as Fusarium, 
Cercospora, Sclerotinia, Rhizoctonia, Pythium and 
Colletotrichum of cowpea and other crops (Newsham et 
al., 1994; Ekundayo and Oladunmoye, 2007). Although 
benomyl is a chemical designed for the control of plant 
pathogenic fungi (Tomlin, 1994), it may nonetheless 
prove detrimental to non-target organisms (Akobundu, 
1987) such as phosphate solubilising and root nodule 
bacteria. 

In soil fertility, phosphorus is a very limiting factor in the 
growth and yield of plants. Most of the phosphate in soil 
occurs in the insoluble organic form, thus total phosphate 
reaches the plants in soluble form (Saha and Biwas, 
2009). The soil bacteria are therefore responsible  for  the  



 
 
 
 
continuous availability of the element as they solubilize 
the inorganic phosphate compounds (Etok et al., 2010). 
Phosphate solubilizing bacteria belong to diverse 
taxonomic groups and differ in structure and response to 
environmental changes (Behbahani and Behbahani, 
2009). There is a need to know the concentration at 
which benomyl may be detrimental to useful soil 
microorganisms especially the symbiotic and non 
symbiotic nitrogen fixers like Rhizobium and Azotobacter 
in the soil. This is necessary so that these beneficial 
microorganisms may be preserved to play their roles in 
soil fertility, phosphorus solubilisation and 
biotransformation. 
 
 
MATERIALS AND METHODS 
 
Collection of samples and sterilization of materials 
 
The soil sample (top soil) used for this project was collected with 
hand trowel behind greenhouse section of the Department of 
Biology, Federal University of Technology, Akure Ondo State, 
Nigeria. This soil sample was used for planting cowpea during the 
experimental set up. The cowpea - (Vigna unguiculata IT93K-452-
1) was obtained from the International Institute of Tropical 
Agriculture, Ibadan, Oyo State, Nigeria. Powdered rock phosphate 
was obtained from Ogun State, Nigeria. 

Soil sample (that is, 738 kg) used for planting were sterilized in 
the oven (Gallenkamp BS 250) at 180°C for three hours. This was 
then used for planting after cooling. Hutchinson agar, yeast 
mannitol agar and ammonium sulphate yeast extract glucose 
medium used in this project were sterilized by autoclaving at 121°C 
for 15 min by using (Amsco 2022 Isothermal autoclave  -  Eagle 
series). 
 
 
Physical and chemical analysis of soil samples 
 
These were performed according to the methods of A.O.A.C (1990) 
and Carter (1992). Soil sample used for this experiment was 
analyzed to determine it’s physicochemical according to the 
methods of (Carter, 1992) and Association of Analytical Chemist, 
A.O.A.C., (1990). Ten millilitres of sodium hexametaphosphate was 
added to 40 g of soil sample in a beaker. Ninety millilitres of water 
was added to soil sample and left over night and made up to 1000 
ml mark of the cylinder. A hydrometer was then used to take the 
reading and the values of sand, clay and silt were calculated. 
 
 
pH determination 
 
The pH of the soil sample was determined by using the method of 
Halder et al. (1990). A sample of soil and water was prepared in 
ratio 1:1 and the pH value determined with Jenway 3015 pH meter.  
 
 
Percentage carbon determination 
 
The Walkey-Blakey wet oxidation method of A.O.A.C (1990), Carter 
(1992) and Ibitoye (2006) were used. Ten millilitres of potassium 
dichromate (1 M K2Cr207) was added to a pre-weighed 5 g well 
ground soil sample. Twenty millilitres of concentrated H2SO4 was 
added, shaken gently and left to cool. The suspension was made 
up to 150 ml mark with distilled water in a conical flask. Ten drops 
of orthophenanthroline ferrous complex indicator were introduced. It  
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was titrated against 0.51 M ferrous ammonium sulphate until end 
point (solution changed from blue to red colour). The percentage of 
carbon was determined from the value of K2Cr2O7 reduced using 
the fol1owing formula: 
 

( )
W

y 100004.04.00.10 ××−

 
 
y = volume in millilitres of 0.51 M ferrous ammonium sulphate used. 
W = weight of soil taken  
 
 
Determination of calcium, magnesium, potassium and sodium 
 
Atomic absorption spectrophotometer method of A.O.A.C (1990) 
and Carter (1992) was used to determine the soil calcium, 
magnesium, potassium and sodium content. One gramme each of 
the soil was transferred into 100 ml conical flask. Three millilitres of 
concentrated hydrogen fluoride was added to the conical flasks and 
shaken vigorously for 30 min. This was followed by the addition of 2 
ml of aqua regia. The conical flasks were left to stay for 3 days 
before they were made up to the 50 ml mark with distilled water that 
is, 4 ml of distilled water was added. An atomic spectrophotometer 
(Buck scientific model 200A) was used to determine the presence 
of the elements. 
 
 
Determination of phosphorus 
 
Five grammes of air-dried soil samples were transferred into 250 ml 
flask. Bray one solution was added and the mixture was left to 
stand for one minute and filtered. Eight millilitres of sample of 
standard solution or blank was pipetted into glass vials. Five drops 
of phosphorus B reagent (ammonium molybdate solution and 5 
drops of phosphorus C reagent (FeSO4 solution) were added and 
carefully mixed. This was allowed to stand for 15 min. The samples 
were read in the colorimeter using a green filter (600 milimicrons 
wavelength) against a blank. The standard curve was then used to 
convert to appropriate units. The colorimeter readings for the 
standards and phosphorus were determined from the graph 
(A.O.A.C., 1990; Carter 1992). 
 
 
Determination of total nitrogen 
 
The titrimetric method of A.O.A.C. (1990) and Carter (1992) was 
used. Two grammes of the soil were weighed into a kjeldahl flask 
and 10 ml of concentrated sulphuric acid was introduced into the 
sample. A tablet of catalysts (copper sulphate) was added. Heat 
was applied on digestion rack and the sample left to boil for 3 h until 
a clear solution was obtained. This indicates complete digestion, 
after digestion, the solution was left to cool; it was made to the mark 
with distilled water in a 100 ml volumetric flask. This solution was 
then titrated against 0.1 M HCl until end point was reached, that is, 
colour changed from blue to black. 
 
 
Experimental design 
 
The experimental design for planting of cowpea was 2 x 6 factorial 
experiments in a complete randomized design with 3 replications. 
The factors were soil type (non rhizosphere and rhizosphere) and 
addition of benomyl (0.00, 0.05, 0.10, 0.20, 0.40 and 0.80 g/ml). 
The average weight of soil in each polyethylene bag was 1.50 kg. 
For serial harvesting at 5, 10, 15, 20, 25 and 30 days after planting 
of cowpea, the total experimental unit was repeated six times. 
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Planting of cowpea 
 
Different concentrations of benomyl were added to the soil samples 
in all the polyethylene bags and mixed properly with the soil. Seeds 
of V. unguiculata were surface sterilized for 2 min in 70% alcohol, 
rinsed twice in water and planted on day 6 (after the inoculation of 
soil samples) at a depth of 3 cm, at two seeds per pot. After growth, 
all seedlings were thinned to one per pot. The plants were grown at 
25 ± 2°C and the pots were watered regularly to maintain a good 
soil moisture condition. Plants were harvested on the 5, 10, 15, 20, 
25, and 30th days after planting. Harvesting of cowpea seedling in 
each polyethylene pot was done by using hand trowel after 30 days 
of planting. Each seedling was gently shaken to collect the 
rhizosphere soil around its root. 
 
 
Identification of Rhizobium 
 
Nodules were collected from harvested plants after 30 days of 
planting and Rhizobium from nodules was identified according to 
the method of Somasegaran and Hoben (1994). The roots were 
washed carefully with distilled water and the nodules detached from 
it. They were immersed in 95% ethanol for 10 s to soften the seed 
coats and then transferred to another beaker containing 3% 
hydrogen peroxide which acted as sterilant for 4 min aseptically. 
They were later removed and rinsed in six changes of sterile 
distilled water with the aid of a sterile forceps. Each sterilized 
nodule was placed in a sterile Petri dish containing few drops of 
sterile water and crushed with a sterile rod to make slurry. One 
loopful of the slurry was then streaked on the prepared yeast-
mannitol agar plate containing bromothymol-blue indicator. The 
streaking was repeated twice for each nodule slurry to ensure 
accurate result. The inoculated plates were incubated at 25 - 28°C 
for 10 days. Rhizobium growth was indicated by change in indicator 
colour (Somasegaran and Hoben, 1994). 
 
 
Isolation, enumeration and characterization of non-rhizosphere 
and rhizosphere soil bacteria 
 
Eight-fold serial dilution was performed on the soil sample used and 
0.1 ml of the eight- fold diluent was pipetted on Petri dish and 
flooded with molten Hutchinson agar (40°C). It was allowed to cool, 
solidify before incubating at 37°C for 24 h. Characterization of the 
isolate was done according to the methods of Olutiola et al. (1991) 
and Holt (1989). 
 
 
Determination of plasmid DNA from bacteria isolated from the 
soil using gel electrophoresis 
 
Extraction of plasmid from Gram-negative and positive bacteria as 
well as preparation of agarose gels was done according to the 
method of Meghrous et al. (1997). The bacteria were sub-cultured 
from the slant culture on MacConkey agar and incubated at 37°C 
for 24 h. A loopful of the 24 h culture of all isolates was each 
transferred into 1.5 ml Eppendorf tubes containing 100 µl Tris 
EDTA buffer and mixed vigorously (using auto vortex mixing 
machine). A 400 µl of 0.2 N NaOH and 1% sodium duodecyl 
sulphate (SDS) was also added to the solution. The resulting 
suspension was mixed gently by inverting the tubes rapidly 5 times 
and the tubes were stored on ice for 5 min. To this mixture, 150 µl 
of ice-cold 3 M-sodium acetate, glacial acetic acid and distilled 
water was added to the suspension in the tubes. This was then 
vortexed for 10 s, stored on ice for another 5 min; then centrifuged 
at 12,000 × g for 5 min at 4°C and the supernatants were 
transferred into another set of 1.5 ml Eppendorf tubes. An equal 
volume of phenol was added into the tubes and vortexed again.  

 
 
 
 

The Eppendorf tubes were centrifuged at 12,000 × g for 5 min at 
4°C. The supernatants were transferred into fresh set of 1.5 ml 
Eppendorf tube using a micropipette. A 2 volume of 100% ethanol 
was added into each test tube and these tubes were allowed to 
stand for 2 min at room temperature. These tubes were again 
centrifuged at 12,000 × g for 5 min at 4°C after which the 
supernatants were discarded and the pellets were air-dried. These 
pellets were then washed with 1 ml 70% ethanol at 4°C and 
centrifuged at 12,000 × g for 5 min at 4°C. The supernatants were 
discarded and the pellets air dried for 5 min. The nucleic acids 
redissolved in 5 µl of Tris EDTA (TE) buffer (pH 8.0, 10 mMTris, 1 
M EDTA and distilled water) containing DNASE free RNASE 
(Meghrous et al., 1997). 

The bacteria were twice sub-cultured on MacConkey agar and 
incubated at 37°C for 24 h, a loopful of each organism was 
transferred into Eppendorf tubes containing 0.04 M Tris-acetate pH 
8.0 and 0.02 M EDTA and 200 µl lysis buffer was added. The tubes 
were put on a SB - 16 Techne shaking bath for 45 min at 60°C. 
Afterwards, 6 µl of phenol was added to the sample and mixed 
gently to complete emulsification. The tubes were centrifuged at 
10,000 × g for 20 min at room temperature to separate phases. The 
aqueous phase, which contained the nucleic acids, was used 
directly for gel electrophoresis (Meghrous et al., 1997). 
Approximately 0.89% agarose gel containing 5 ml Tris-boric acid 
EDTA buffer was prepared in 250 ml flask. The content in the flask 
was heated to boiling; it was removed and allowed to cool to 50°C. 
A 3 µl of ethidium bromide was added into the heated agarose after 
cooling. It was then poured into the gel electrophoresis tray with an 
already inserted comb. It was left for some minutes to gel. Before 
loading the gel, 20 µl of the DNA sample was mixed with 2 µl of 
loading buffer (that is, 0.05 M EDTA), 20% Fiscoll, 0.25% 
bromophenol blue in water  was placed on paraffin paper and 0.5 µl  
of plasmid DNA was mixed with it. 

Afterwards, a fourteen welled comb was removed and 1 µl of 
DNA markers was introduced into the first well using micropipettes. 
Twenty microlitres (20 µl) of DNA samples were introduced into 
subsequent wells. Tris boric acid EDTA buffer was used as the 
electrophoresis buffer. The electrophoresis tray was carefully 
placed into the electrophoresis compartment containing the buffer. 
It was ensured that the buffer covered the gel completely. The 
electrophoresis compartment has two poles (that is, negative and 
positive poles). This compartment was then connected to a power 
pack which supplied high voltage (power pack supplies 64 volts at 
0.328 Amps). The compartment lid was tightly fitted on the tray. An 
ice bag was placed on the lid to reduce the temperature generated 
during the process. Plasmid DNA was positively charged. After 
running for 1 h, plasmid DNA was seen to move from negative pole 
to the positive pole. At the end of the process, DNA bands were 
visible under short wavelength UV light (Meghrous et al., 1997). 
 
 
Rock phosphate solubilization experiment 
 
A loopful of all rhizosphere bacterial isolates from slants was 
cultured in nutrient broth at 37°C for 24 h. The broth was 
centrifuged at 5000 rpm with Beckman Coulter Allegra 6R 
centrifuge at 28°C for 5 min. The supernatants were decanted and 
the sediment was resuspended with sterile distilled water. This was 
centrifuged again at 5000 rpm at 28°C for 5 min to wash the cells. 
Harvested cells were obtained after decanting the supernatant. This 
was used for rock phosphate solubilization experiment. Harvested 
cells are prepared in order to get a pure culture of fungal isolates. 
Fungi was cultured in potato dextrose broth and centrifuged at 3, 
000 rpm with Beckman Coulter Allegra 6R centrifuge at 28°C for 5 
min. 

The supernatants were decanted and sediment was 
resuspended with sterile distilled water. The sediment represented 
harvested  cells  and  was  used  for  rock  phosphate  solubilization  
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Table 1. Influence of benomyl concentration on nodule count and rhizosphere bacteria of 30 day old 
cowpea seedlings. 
 

Concentration (g/ml) Bacteria (cfu × 108) /g Nodule count 
0.00 12.6c 3.1c 
0.05 12.2c 3.0c 
0.10 12.1c 2.5c 
0.20 11.2c 2.4c 
0.40 10.4b 1.7b 
0.80 9.9a 0.5a 

 

Values followed by similar along the same column are not significant at P � 0.05. 
 
 
 
experiment. Powdered rock phosphate at 2 g/litre was added as a 
source of insoluble phosphate into already prepared ammonium 
sulphate yeast extract glucose (AYG) medium. The medium was 
maintained at pH 6-7 (so that pH of the medium will correspond with 
that of soil) using Corning pH meter 450 with nouva stirrer II. Fifty 
millilitres of AYG medium in conical flasks were inoculated with 2 ml 
of the harvested cells and a loopful of bacterial colony separately 
(for control experiment) from slants in MaCartney bottles and 
incubated at 28°C on rotary shaker (New Brunswick Scientific 
incubator shaker and Lab-line orbit shake mahose park, ILL) at 150 
rpm for 6 days. Contents of the culture flask at the end of incubation 
period were centrifuged using Beckman Coulter Allegra 6R 
centrifuge at 15000 rpm for 15 min to remove biomass and 
unsolubilised materials. The soluble phosphate expressed as 
equivalent phosphorus was determined as a measure of extent of 
solubilisation of rock phosphate using autoanalyser (Technicon II 
analyser) (Halder, 1990). 
 
 
RESULTS 
 
Physical and chemical analysis of soil sample 
 
The result of the mechanical analysis of the soil sample  
used was 80% sand, 17% silt and 3% clay. This indicated 
that the soil was loamy sand. The mean value of pH of 
this soil was 6.62%, organic carbon was 2.18%, organic 
matter was 3.75% nitrogen was 1.09, phosphorus content 
was 9.48 mg/kg, potassium content was 5.33 cmol/Kg, 
sodium was 4.70 cmol/Kg, calcium was 1.5 cmol/Kg and 
magnesium was 1.27 cmol/Kg. 
 
 
Rhizosphere and non-rhizosphere bacterial isolates 
of cowpea 
 
B. subtilis, S. aureus and M. luteus and P. damnosus 
were isolated from rhizosphere. B. japonicum was 
responsible for nodulation of cowpea. A. simplex, A. 
chroococum, P. aeruginosa and B. subtilis also were 
isolated from non-rhizosphere of cowpea.  
 
 
Influence of benomyl on nodule count and 
rhizosphere bacteria of cowpea  
 
Cowpea seedlings were healthy without much loss of root  

nodules and beneficial rhizosphere bacteria at 0.10 and 
0.20 g/ml of benomyl. Nodule loss of 94.3% occurred at 
0.80 g/ml of benomyl when compared to control. Also, 
there was decrease in the mean value of nodule count 
(3.1 to 0.5) with increase in benomyl concentration as 
shown on Table 1. As benomyl concentration increased 
from 0.00 to 0.80 g/ml, there was a decrease in bacterial 
population (12.6 to 9.9 cfu × 108 /g) in the rhizosphere. 
 
 
Influence of increase in number of days on nodule 
count and rhizosphere bacteria of cowpea  
 
From 5 to 30 days, there was an increase in the mean 
value of nodule count (0.0 to 9.4) and mean count for 
bacteria (1.1 to 24.8 cfu × 108 /g) rhizosphere of cowpea 
as indicated on Table 2.  
 
 
Influence of benomyl on ability of non rhizosphere 
and rhizosphere bacteria to solubilise phosphate 
 
A. simplex released 0.233 mg/kg of phosphorus in 
benomyl treated non rhizosphere soil above the amount 
released by the same organism in untreated non 
rhizosphere soil. The phosphorus released by B. subtilis 
in non rhizosphere soil was slightly higher than that 
released in rhizosphere soil at 0.00 g/ml of benomyl. 
However, the same amount of phosphorus was released 
at 0.80 g/ml of benomyl as shown in Table 3. Benomyl 
(0.8 g) led to decrease in phosphorus released by S. 
aureus (2.481 to 1.564 mg/kg) and M. luteus (from 2.440 
to 1.362 mg/kg) rhizosphere soil. 
 
 
Relationship between plasmids of non rhizosphere 
and rhizosphere bacteria and their ability to 
solubilise phosphate after addition of benomyl  
 
Plates 1 to 2 show the plasmid sizes of rhizosphere and 
non rhizosphere bacteria in the presence and absence of 
benomyl while Plate 3 shows the plasmid sizes of only 
rhizosphere bacteria in the presence and absence of 
benomyl. Benomyl led to decrease in molecular weight of  
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Table 2. Influence of increase in number of days on nodule count and rhizosphere bacteria of 
cowpea at all concentrations. 
 

Time (Days) Bacteria (cfu × 108)/g Nodule count 
5 1.1a 0.0a 

10 5.2b 0.0a 
15 12.7c 0.0a 
20 9.3d 0.0a 
25 15.8e 4.1b 
30 24.8f 9.4c 

 

Values followed by similar along the same column are not significant at P � 0.05. 
 
 
 

Table 3. Amount of phosphorus released in (mg/kg) into AYG medium by loopful of non-rhizosphere and rhizosphere soil 
bacteria in presence and absence of benomyl (mean ± SD). 
  

Rhizosphere  Non – rhizosphere 
Organisms At 0.00 g/ml of 

benomyl 
At 0.80 g/ml of 

benomyl 
 At 0.00 g/ml of 

benomyl 
At 0.80 g/ml of 

benomyl 
Bacillus subtilis 1.317±0.0107 1.5955±0.0089  1.3615±0.0185 1.5955±0.0155 
Staphylococcus aureus  2.4810±0.0107 1.5645±0.0197  - - 
Micrococcus luteus 3.5750±0.0312 2.4395±0.0061  - - 
Arthrobacter simplex - -  0.7570±0.0000 0.9835±0.0015 

 
 
 
plasmid from 1100 to 100 base pairs in A. simplex and P. 
aeruginosa as shown on Table 3. The size of the 
plasmids remained the same after addition of benomyl in 
A. chroococcum (100 base pairs) and B. subtilis (1100 
base pairs). Plasmid size of M. luteus and S. aureus were 
1100 and 100 base pairs respectively (Table 4).  
 
 
DISCUSSION 
 
The presence of B. subtilis, S. aureus, M. luteus and P. 
damnosus in the rhizosphere of cowpea may be due to 
their affinity to the benomyl residues. A. simplex, A. 
chroococcum and P. aeruginosa were isolated from the 
non - rhizosphere soil. Among the three later organisms, 
A. chroococcum and P. aeruginosa are asymbiotic 
nitrogen fixers. The use of benomyl at higher 
concentration is not encouraging because it reduced 
nodulation. Also, there was a decrease in the bacterial 
count in rhizosphere soil of cowpea as the concentration 
of benomyl increased. 

Bacteria from untreated rhizosphere soil of cowpea 
produced higher soluble phosphorus than benomyl 
treated rhizosphere soil except B. subtilis. However, A. 
simplex and B. subtilis from untreated non rhizosphere 
soil of cowpea produced low soluble phosphorus than 
benomyl treated non rhizosphere soil. The variation in the 
degree of phosphate solubilisation by different bacterial 
isolates may be due to difference in their genetic make-
up as reported by Moritz  and  Hergenrother  (2007).  The 

increase in the distance moved by the DNA marker was 
the only reason that can be adduced for increased 
phosphorus released by B. subtilis into the soil. For A. 
simplex isolated from non rhizosphere, the increase in 
phosphorus released may be due to the decrease in 
molecular weight of the plasmid as a result of treatment 
with benomyl. This is because physiological or genetical 
changes of an organism may increase their metabolic 
activities concerning biodegradation of xenobiotics, 
organic chemicals and pesticides (Zhang et al., 2005). 
On the other hand, S. aureus and M. luteus reduced their 
level of phosphate solubilization in the presence of 
benomyl. Due to this, it is not advisable to use benomyl at 
high concentration. 
 
 
Conclusion 
 
The optimum concentration of benomyl on beneficial soil 
bacteria was 0.10 to 0.20 g/ml. B. subtilis could be 
inoculated to rhizosphere soil of cowpea to increase the 
amount of soluble phosphate available for the growth of 
cowpea seedlings in benomyl treated soil.  
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Plate 1. Plasmid sizes of rhizosphere and non rhizosphere bacteria in the 
presence and absence of benomyl. OSI = Ordinary (non rhizosphere) soil isolate. 
RSI = Rhizosphere soil isolate. BTOSI = Benomyl treated ordinary (non 
rhizosphere) soil isolate (at concentration 0.80 g/ml). BTRSI = Benomyl treated 
rhizosphere soil isolate (at concentration 0.80 g/ml). 
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Plate 2. Plasmid sizes of rhizosphere and non rhizosphere bacteria in the 
presence and absence of benomyl. OSI = Ordinary (non rhizosphere) soil 
isolate. RSI = Rhizosphere soil isolate. BTOSI = Benomyl treated ordinary (non 
rhizosphere) soil isolate (at concentration 0.80 g/ml). BTRSI = Benomyl treated 
rhizosphere soil isolate (at concentration 0.80 g/ml). 
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Plate 3. Plasmid sizes of rhizosphere bacteria in the 
presence and absence of benomyl. RSI = Rhizosphere soil 
isolate. BTRSI = Benomyl treated rhizosphere soil isolate 
(at concentration 0.80 g/ml). 

 
 
 

Table 4.  Influence of benomyl on plasmid weight of some bacteria and the level of phosphorus released into the soils. 
 

Organisms 
Molecular weight 

of plasmid (in bases) 
Distance moved by DNA 

marker (cm) 
Phosphorus 

released (mg/kg) 
Non rhizosphere bacteria    
Arthrobacter simplex OSI  1100 (plate2) 1.3 0.757 
Arthrobacter simplex BTOSI  100 (plate 1) 0 0.984 
Azotobacter chroococcum OSI  100 (plate 2) 1.3 N.D 
Azotobacter chroococcum BTOSI 100 (plate2) 1.2 N.D 
Pseudomonas aeruginosa OSI 1100 (plate2) 1.2 N.D 
Pseudomonas aeruginosa BTOSI 100 (plate2) 1.2 N.D 
Bacillus subtilis OSI >1100 (plate 1) 1.2 1.362 
Bacillus subtilis BTOSI >1100 (plate 1) 1.2 1.596 
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Table 4.  Contd. 
 

Rhizosphere bacteria    
Bacillus subtilis RSI 100 (plate 3) 1.2 1.362 
Bacillus subtilis BTRSI 100 (plate 1) 1.2 1.596 
Staphylococcus aureus RSI 100 (plate 3) 1.9 2.481 
Staphylococcus aureus BTRSI 100 (plate 3) 1.0 1.564 
Micrococcus luteus RSI >1100 (plate3) 1.9 2.440 
Micrococcus luteus BTRSI > 1100 (plate3) 1.9 1.362 

 

OSI = Ordinary (non rhizosphere) soil isolate; RSI = Rhizosphere soil isolate. BTOSI = Benomyl treated ordinary (non rhizosphere) soil isolate (at 
concentration 0.80 g/ml). BTRSI = Benomyl treated rhizosphere soil isolate (at concentration 0.80 g/ml). N. D. = Not determined. 
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