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Phosphate solubilising bacteria (PSB) is an alternative for increasing the 
availability of accumulated phosphates through solubilisation, enhancing 
plant growth by increasing the efficiency of biological nitrogen fixation. 
Phosphate solubilising bacteria from acidic soils of Cameroon were screened 
for their phosphate solubilising ability on plate cultures containing 
inorganic/organic phosphates including calcium-phosphate (Ca3(PO4)2), 
aluminium-phosphate (AlPO4), iron-phosphate (FePO4), sodium-phytate as 
well as rock phosphates (RP) of different origins (Mali, Mexico and Morocco). 
They were subsequently tested on common and soya bean grown in pots 
filled with non-sterile and sterile soils amended with Malian rock phosphate 
for their aptitude in promoting plant growth and nodulation. The average 
index of solubilisation of the tested bacterial strains were 3.43 for calcium 
phosphate, 6.6 for aluminium phosphate, 4.12 for iron phosphate and 2.59 
for sodium phytate. The index of solubilisation of the natural rock 
phosphates ranged from 1.33-2.71 with an average of 2.01. Enterobacter sp. 
was the only strain showing halo zone on plates with all the different 
insoluble phosphates. Based on the average effect of inoculation on growth 
and nodulation, Pseudomonas sp. was the strain showing the greatest result 
among the single inoculation treatments with an average of 251% for 
common bean, while Enterobacter sp. was the strain showing the greatest 
result among the single inoculation treatments with an average of 231.4% 
effect for soya bean plants. In both cases, the consortia BCD (Pseudomonas 
sp.+ Burkholderia sp.+ Enterobacter sp.) were the best among the different 
cocktails with an average of 162.5% and 197% for common and soya bean 
respectively. These results suggest that the use of rock phosphate combined 
with the co-inoculation of phosphate solubilising bacterial strains in soil 
with low fertility provides a sustainable alternative to the use of industrial 
fertilisers for both common and soya beans production. 
 
Key words: Phosphate solubilising bacteria, phosphate solubilisation, common 
bean, soya bean, growth, nodulation. 

 
 
INTRODUCTION 
 
Beans are the most important grain legumes for direct 
human consumption in the world. In nutritional terms, 
beans are great protein source and they are rich in minerals 
(especially iron and zinc) and vitamins (White and 

Broadley, 2009). The soybean (Glycine max) and common 
bean (Phaseolus vulgaris) are economically among the 
important beans in the world, providing vegetable protein 
for  millions  of    people   and  ingredients   for   hundred   of  

http://www.britannica.com/EBchecked/topic/57278/bean
http://www.britannica.com/EBchecked/topic/624564/vegetable
http://www.britannica.com/EBchecked/topic/479680/protein
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chemical products. These species are highly dependent on P 
availability and sensitive to phosphorus (P) deficiency 
(Hernández et al. 2007).  Phosphorus is a major growth-
limiting nutrient, and unlike the case of nitrogen, there is no 
large atmospheric source that can be made biologically 
available (Ezawa et al., 2002). Regarding the role of P, it 
stimulates root development and growth, gives plant rapid 
and vigorous start leading to better tillering, that is 
essential for many metabolic processes in plant life like 
root nodulation. Phosphorus biofertilizers could help 
increase the availability of accumulated phosphates for 
plant growth by solubilisation, enhancing plant growth by 
increasing the efficiency of biological nitrogen fixation and 
the availability of Fe, Zn through production of plant 
growth promoting substances (Kucey et al., 1989). An 
important issue for the potential use of PSB is the growth 
stimulation when plants are inoculated. In addition, in the 
case of the beneficial effect, it is important to find out which 
specific trait of the plant is affected by the inoculation 
(Collavino et al., 2010). The present study aimed at 
evaluating the inoculation potential of phosphate 
solubilising bacteria for improving growth and nodulation 
of common and soya bean under pot grown conditions.  
 
 

MATERIALS AND METHODS 
 

Bacterial strains 
 

The bacteria strains used in this study were from the 
culture collection of the Laboratory of Biotechnology, 
Faculty of Science, University of Douala. Strains were 
isolated from soils of two agro-ecological zones in 
Cameroon; Pseudomonas sp. and Klebsiella sp. in zone I 
(The Sudano-Sahelian lowland region with savanna scrub 
and grass, an arid region with sparse rainfall and high 
median temperatures), Burkholderia sp. and Enterobacter 
sp. in zone IV (The Monomodal Humid Forest, exceedingly 
hot and humid with a short dry season, densely forested 
and includes some of the wettest places on earth). They 
were identified by partial sequencing of the 16SrRNA gene. 
 

Phosphate solubilisation in solid culture media 
supplemented with sparingly soluble phosphates 
 

Strains have been previously screened for their ability in 
solubilising inorganic/organic phosphates including 
calcium-phosphate (Ca3(PO4)2), aluminium-phosphate 
(AlPO4), iron-phosphate (FePO4), sodium-phytate as well as 
rock phosphates of different origins (Mali, Mexico and 
Morocco). Screening was made on plates supplemented 
with the different phosphates and the activity of strains was 
assessed through the index of solubilisation (IS) as 
previously described by Fankem et al. (2014). 
 

Preparation and evaluation of the concentration of the 
inocula for pot experiment 
 

To   prepare  inoculum   from    each   bacterial   strain,  pure 

 
 
 
 

bacterial colony was individually suspended into 50 ml 
Nutrient Broth (NB) (5 g Peptone, 1 g Beef extract, 2 g Yeast 
extract, 5 g Sodium chloride, 1000 ml Distilled water, pH 
7.0) and incubated at 28 °C, 150 rpm, for 3 days. Cultures 
were then centrifuged at 10.000 g for 10 minutes at 4 °C, 
followed by three washing with 0.85% sterile NaCl at the 
same conditions. Bacterial cells were re-suspended in 
0.85% sterile NaCl and the optical density (OD) of the 
suspension adjusted to 0.2 at 620 nm wavelength. To assess 
the number of bacterial cells per milliliter, one ml of the 
bacterial suspension with OD 0.2 was serial diluted until 10-

7. A 200 µl of dilutions 10-7 was used to inoculate Nutrient 
Agar (NA) (5 g Peptone, 1 g Beef extract, 2 g Yeast extract, 5 
g Sodium chloride, 15 g Agar, 1000 ml Distilled water, pH 
7.0) plates in duplicate. After incubation at 28 °C, for 4 days, 
bacterial colonies were counted and the number of Colony 
Forming Units (CFU) per ml was evaluated. Counting 
colonies allowed the determination of the concentration of 
the inocula of 1.28 – 2.08×108 CFU / ml. Consortia were 
prepared by mixing equal volumes of the different strain 
suspensions.  

 
Pot experiment 

 
The pot experiment was conducted to assess the effect of a 
single strain or consortia of strains on both common bean 
(Phaseolus vulgaris L.) and soybean (Glycine max) growth. 
The experiment was conducted in 3 litre pots containing 
homogenized non-sterile soil as well as sterile soil serving 
as control for plant nodulation. The characteristics of the 
soil are as the following: pH H2O, 5.5; pH KCl, 4.4; nitrogen, 
0.06%; available phosphorus, 7.54 ppm; organic matter, 
0.59%; organic carbon, 0.34%; iron, 1.75 ppm; aluminium, 
0.29 méq/g; calcium, 1.04 méq/g; magnesium, 1.60 méq/g; 
potassium, 0,.15 méq/g; sodium, 0.07 méq/g. The soil used 
was therefore very low in available phosphorus (7.54 ppm). 
The pot experiment was done in a green house subjected to 
natural photoperiod. The temperature ranged between 23 
to 26 °C and supplemented lighting guaranteed 12 hours 
day length. Plants were harvested 6 weeks after planting 
and the shoot, root and nodule dry mass recorded.  

The experiment consisted of 11 treatments including 8 
microbial treatments and three controls. The microbial 
treatments consisted of four single inoculations labelled A 
(Klebsiella sp.), B (Pseudomonas sp.), C (Burkholderia sp.) 
and D (Enterobacter sp.), and four consortia among them 
three with non-sterile soil (AB, BCD and ABCD) and one 
with sterile soil (ABCDS). All the pots, except the positive 
control were amended with Malian rock phosphate at the 
rate of 80 kg.ha-1 (0.3625 g for 0.8836 dm3) to increase the 
amount of phosphate in soil. The characteristics of  Malian 
rock phosphate are Total P2O5, 30% ; Available P, 12.98%; 
K, 0.056%; Ca, 28.19%; Mg, 0.131%; Na, 0.232%; Fe, 
3.844%; Al, 0.80%; Mn, 8360 mg/kg; Zn, 87 mg/kg; Cu, 51 
mg/kg. To get rid of its soluble fraction, the rock phosphate 
was washed 4 times with warm water following the cycle: 1 
hour - 24 hours - 1 hour - 24 hours. They were then dried  
in      an     oven     at    60 °C     until    complete    evaporation 

http://www.irad-cameroon.org/zones_us.php?idz=1&idRub=1
http://www.irad-cameroon.org/zones_us.php?idz=1&idRub=1
http://www.irad-cameroon.org/zones_us.php?idz=3&idRub=1
http://en.wikipedia.org/wiki/Dry_season
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Table 1. Index of solubilisation of strains on plates amended with sparingly soluble phosphates 
 

Strains Index of solubilisation (IS) 
Ca3(PO4)2 AlPO4 FePO4 Sodium-phytate Malian RP Moroccan RP Mexican RP 

Burkholderia sp. 2.60 6.00 2.43 2.18 1.65 0.00 0.00 
Enterobacter sp. 3.33 6.62 5.43 3.00 2.45 2.10 2.71 
Klebsiella sp. 1.43 4.57 0.00 0.00 1.81 0.00 0.00 
Pseudomonas sp. 6.36 9.20 4.50 3.50 1.33 0.00 0.00 

 
 
 
of water and homogenized before use (Fankem et al., 2014). 

 In all inoculated pots, one pre-germinated seed was 
placed in a pit, soaked with 1 ml of bacterial suspension and 
finely covered with soil. The control treatments consisted of 
a positive control (Cont+) supplemented with soluble 
KH2PO4 at the concentration of 350 mg P/g soil, a negative 
control (Cont-) with non-sterile soil and (Cont-s) with 
sterile soil, both supplemented with Malian rock phosphate, 
without bacterial inoculation.  

The experimental design was a completely randomized 
block system with 11 treatments, 2 host plants and 4 
replications, resulting in a total of 88 experimental units. 
Plant growth was followed during 6 weeks within which, 
each pot received 500 ml water three times / week Growth 
parameters (number of leaves, plant height, stem base 
diameter) for soybean and (number of leaves, stem base 
diameter) for common bean were taken three weeks after 
planting. At the end of the growth (six weeks after 
planting), the plants were harvested, the aerial part 
separated from the root part, and then dried at 60 oC until 
the dry mass of materials became stable to determine 
number and nodule dry mass, the shoot, root and total dry 
mass for soybean. For common bean, the number of fruits, 
number of flowers, number and nodule dry mass, the shoot, 
root and total dry mass was evaluated. The effect (%) of 
inoculation on plant growth and nodulation was assessed 

according to the formula:  or 

 Where, T is a given 

treatment, Cont- and Cont-S the negative controls with non-
sterile and sterile soil respectively (Fankem et al., 2008).  
 
Statistical analysis 
 
Statistical analyses were performed with Sigma plot 12.0. 
The analysis of variance (ANOVA) was run to find 
difference between factors and the HSD Turkey test to 
compare the different treatments means.  
 
 
RESULTS 
 
Phosphate solubilising index on solid agar plates 
 
The index of solubilisation of the tested bacterial strains 
ranged between 1.43-6.36 with an average of 3.43 for 

calcium phosphate; between 4.57-9.20 with an average of 
6.6 for aluminium phosphate; between 2.43-5.43 with an 
average of 4.12 for iron phosphate; between 2.18-3 with an 
average of 2.59 for sodium phytate (Table 1). 
Regarding those values, the aluminium phosphates is the 
one showing the highest score of index among the 
inorganic/organic phosphates. The index of solubilisation 
of the natural rock phosphates are much lower compared to 
the inorganic/organic phosphates. The values ranged from 
1.33-2.71 with an average of 2.01. Data recorded high IS for 
Enterobacter sp. than the other strains. 
 
Number of leaves and stem base diameter of common 
bean plants three and six weeks after planting 
 
Significant differences can be observed on the third and the 
sixth week after planting for both number of leaves and 
stem base diameter (Table 2). Concerning the number of 
leaves, among the single inoculation, treatment B 
(Pseudomonas sp.) showed the best score the third and the 
sixth week with 10 and 17 leaves respectively. Six weeks 
after planting, most of the treatments showed the number 
of leaves significantly different from the negative control 
which was made of sparingly soluble rock phosphate 
without inoculation. The highest scores were recorded with 
single treatments B (Pseudomonas sp.), D (Enterobacter sp.) 
and the consortium ABCD (Klebsiella sp.+ Pseudomonas sp.+ 
Burkholderia sp.+ Enterobacter sp.). In both third and sixth 
week, the positive control (Cont+) made of soluble 
phosphorus is greater than all the negatives controls (Cont- 
and Cont-s). Regarding the stem base diameter of the 
plants, significant differences were also observed within 
treatments compared to the negative controls. Highest 
scores were recorded with single treatments A (Klebsiella 
sp.), C (Burkholderia sp.) and consortium ABCD (Klebsiella 
sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.) 
with 0.30, 0.27 and 0.28 cm respectively (Table 2). Sixth 
weeks after planting, the highest scores were recorded with 
consortia BCD (Pseudomonas sp.+ Burkholderia sp.+ 
Enterobacter sp.) and ABCD (Klebsiella sp.+Pseudomonas 
sp.+ Burkholderia sp.+ Enterobacter sp.). 
 
Number of flowers, fruits, the shoot, root and total dry 
mass of common bean plants six weeks after planting 
 
No significant differences were observed within inoculation 
treatments  compared  to controls  as  far  as  the number of  
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Table 2. Number of leaves and stem base diameter of common bean plants three and six weeks after 
planting 

 
Treatment Number of leaves Stem base diameter (cm) 

3rd Week 6th Week 3rd Week 6th Week 
Cont- 8 ± 1 bc 11 ± 2 a 0.14 ± 0.0 a 0.20 ± 0.0 a 
Cont-s 5 ± 1 a 11 ± 4 a 0.23 ± 0.1 ab 0.21 ± 0.1 a 
Cont+ 11 ± 1 ef 15 ± 3 b 0.27 ± 0.1 b 0.32 ± 0.1 ab 
A 9 ± 1 cd 16 ± 1 bc 0.30 ± 0.1 b 0.30 ± 0.1 ab 
B 10 ± 1 de 17 ± 3 c 0.26 ± 0.0 ab 0.27 ± 0.0 ab 
C 8 ± 1 bc 14 ± 2 ab 0.27 ± 0.0 b 0.31 ± 0.0 ab 
D 8 ± 2 bc 17 ± 1 c 0.22 ± 0.0 ab 0.30 ± 0.0 ab 
AB 10 ± 1 de 14 ± 2 ab 0.26 ± 0.1 ab 0.34 ± 0.1 ab 
BCD 9 ± 1 cd 16 ± 2 bc 0.26 ± 0.1 ab 0.36 ± 0.1 b 
ABCD 9 ± 1 cd 17 ± 5 c 0.28 ± 0.0 b 0.35 ± 0.1 b 
ABCDs 6 ± 3 ab 18 ± 2 cd 0.20 ± 0.0 ab 0.30 ± 0.0 ab 

 

The different letters within the same column indicate a significant difference (p<0.05) between treatments. 
Note: Cont- =negative control with rock phosphate without inoculation; Cont-s=negative control containing rock 
phosphate with sterile soil without inoculation; Cont+= positive control with soluble phosphate (KH2PO4); A 
(Klebsiella sp.); B (Pseudomonas sp.); C (Burkholderia sp.); D (Enterobacter sp.); AB (Klebsiella sp.+Pseudomonas 
sp.); BCD (Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); ABCD (Klebsiella sp.+Pseudomonas sp.+ 
Burkholderia sp.+ Enterobacter sp.); ABCDs (Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.) 
with sterile soil 

 
 

Table 3. Number of flowers, fruits, the shoot, root and total dry mass of common bean plants six weeks after planting 
 

Treatment 
Number of 

flowers 
Number of  

fruits 
Shoot dry 
 mass (g) 

Root dry  
mass (g) 

Total plant dry 
     mass (g) 

 Cont- 2 ± 1 a 1 ± 1 a 1.60 ± 0.9 a 0.24 ± 0.1 a 1.84 ± 0.9 a 
Cont-s 1 ± 1 a 1 ± 1 a 2.25 ± 1.2 ab 0.33 ± 0.1 ab 2.58 ± 1.4 ab 
Cont+ 2 ± 1 a 2 ± 2 a 4.09 ± 1.2 bc 0.64 ± 0.1 bc 4.72 ± 1.1 cd 
A 1 ± 1 a 2 ± 1 a 4.23 ± 0.8 bc 0.57 ± 0.1 abc 4.80 ± 0.8 cd 
B 3 ± 1 a 2 ± 1 a 3.91 ± 1.4 bc 0.87 ± 0.2 c 4.80 ± 1.6 cd 
C 1 ± 2 a 1 ± 1 a 3.10 ± 0.8 ab 0.43 ± 0.1 ab 3.53 ± 0.7 abc 
D 2 ± 2 a 2 ± 2 a 3.31 ± 0.4 abc 0.52 ± 0.1 ab 3.83 ± 0.3 abcd 
AB 2 ± 1 a 1 ± 1 a 3.70 ± 0.3 bc 0.58 ± 0.2 bc 4.28 ± 0.4 bcd 
BCD 1 ± 1 a 1 ± 1 a 3.58 ± 0.4 abc 0.50 ± 0.1 ab 4.08 ± 0.5 bcd 
ABCD 1 ± 1 a 2 ± 1 a 2.50 ± 0.6 ab 0.54 ± 0.2 abc 3.54 ± 0.4 abc 
ABCDs 0 ± 0 a 1 ± 1 a 5.33 ± 0.3 c 0.58 ± 0.0 bc 5.91 ± 0.2 d 

 

The different letters within the same column indicate a significant difference (p<0.05) between treatments. 
Note: Cont- =negative control with rock phosphate without inoculation; Cont-s=negative control containing rock phosphate with sterile soil 
without inoculation; Cont+= positive control with soluble phosphate (KH2PO4); A (Klebsiella sp.); B (Pseudomonas sp.); C (Burkholderia sp.); D 
(Enterobacter sp.); AB (Klebsiella sp.+Pseudomonas sp.); BCD (Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); ABCD (Klebsiella 
sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); ABCDs (Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.) with 
sterile soil. 

 
 
 
flowers and fruits are concerned which were observed six 
weeks after planting. However, significant differences can 
be observed within inoculation treatments in the three 
other parameters (Table 3). Regarding the shoot dry mass, 
most of the inoculation treatments are different from the 
negative control, the highest score presented by the 
consortia of the four strains grown on sterile soil ABCDs 
(Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ 
Enterobacter sp.) with 5.33 g compared to the negative 
controls with 1.60 g (Cont-) and 2.25 g (Cont-s). Regarding 
the root dry mass, all the inoculation treatments also 
showed significant differences with the negative control 
(Cont-), but with this parameter, the highest score is 

recorded with the single treatment B (Pseudomonas sp.) 
with 0.87 g. Followed by the consortium AB (Klebsiella 
sp.+Pseudomonas sp.) with 0.58 g and the positive control 
(Cont+)  with 0.64 g. Regarding the total plant dry mass, 
significant differences were observed within the 
inoculation treatments and the negative controls. The 
highest score was recorded with consortium ABCDs 
(Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ 
Enterobacter sp.) with 5.91 g compared to the negative 
controls with 1.84 g (Cont-) and 2.58 g (Cont-s). In all cases, 
the values of the negative control with sterile soil (Cont-s) 
were always greater than those of the negative control with 
unsterile soil (Cont-). Moreover,  the  values of   the positive  
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Table 4.  Number of leaves, plant height and stem base diameter of soya bean plants three and six weeks after planting 
 

Treatment 
Number of leaves Plant height (cm) Stem base diameter (cm) 

3rd Week 6th Week 3rd Week 6th Week 3rd Week 6th Week 
 Cont- 5 ± 0 a 8 ± 0 ab 21.85 ± 2.0 ab 51.25 ± 10.0 ab 0.08 ± 0.0 a 0.10 ± 0.0 a 
Cont-s 5 ± 0 a 7 ± 0 a 16.08 ± 4.5 a 48.00 ± 6.9 a 0.06 ± 0.0 a 0.12 ± 0.0 a 
Cont+ 6 ± 1 b 10 ± 0 cd 25.40 ± 5.6 b 78.30 ± 9.6 bc 0.09 ± 0.0 a 0.16 ± 0.1 a 
A 5 ± 0 a 10 ± 1 c 25.18 ± 1.5 b 76.23 ± 15.4 bc 0.07 ± 0.0 a 0.09 ± 0.1 a 
B 5 ± 0 a 9 ± 1 bc 23.93 ± 0.9 b 72.90 ± 17.2 abc 0.06 ± 0.0 a 0.12 ± 0.0 a 
C 5 ± 0 a 11 ± 1 de 24.65 ± 3.5 b 75.73 ± 8.0 bc 0.09 ± 0.0 a 0.13 ± 0.1 a 
D 5 ± 0 a 11 ± 1 de 24.55 ± 2.0 b 70.98 ± 9.9 abc 0.08 ± 0.0 a 0.13 ± 0.1 a 
AB 5 ± 0 a 12 ± 1 ef 25.70 ± 2.5 ab 70.63 ± 11.0 abc 0.09 ± 0.0 a 0.15 ± 0.1 a 
BCD 6 ± 0 b 12 ± 1 ef 23.25 ± 2.8 ab 65.88 ± 7.6 abc 0.09 ± 0.0 a 0.15 ± 0.1 a 
ABCD 6 ± 0 b 11 ± 1 de 25.78 ± 3.1 b 81.55 ± 13.5 c 0.10 ± 0.0 a 0.15 ± 0.1 a 
ABCDs 5 ± 0 a 8 ± 1  ab 20.30 ± 1.5 ab 54.63 ± 7.4 ab 0.07 ± 0.0 a 0.11 ± 0.0 a 

 

The different letters within the same column indicate a significant difference (p<0.05) between treatments. 
Note: Cont- =negative control with rock phosphate without inoculation; Cont-s=negative control containing rock phosphate with sterile 
soil without inoculation; Cont+= positive control with soluble phosphate (KH2PO4); A (Klebsiella sp.); B (Pseudomonas sp.); C 
(Burkholderia sp.); D (Enterobacter sp.); AB (Klebsiella sp.+Pseudomonas sp.); BCD (Pseudomonas sp.+ Burkholderia sp.+ Enterobacter 
sp.); ABCD (Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); ABCDs (Klebsiella sp.+Pseudomonas sp.+ Burkholderia 
sp.+ Enterobacter sp.) with sterile soil 

 
 
 
control are almost significantly greater than those of both 
negative controls. 
 
Number of leaves, plant height and stem base diameter 
of soya bean plants three and six weeks after planting 
 
Regarding the number of leaves three weeks after planting, 
no significant differences can be observed with single 
inoculation compared to the negative controls (Table 4). 
However, differences were observed within consortia BCD 
(Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.) and 
ABCD (Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ 
Enterobacter sp.) with 6 leaves (Table 4). At six weeks after 
planting, differences can be observed within either single 
inoculation or consortia and controls. The highest scores 
are once more recorded on consortia BCD and ABCD with 
12 leaves. Regarding the plant height, significant 
differences can be observed within inoculation treatments 
and the negative controls. All treatments with single 
inoculation were significantly different from the negative 
control either the third or the sixth week. At the third week, 
good scores were obtained from treatments A (Klebsiella 
sp.), B (Pseudomonas sp.), C (Burkholderia sp.), D 
(Enterobacter sp.) and ABCD (Klebsiella sp.+Pseudomonas 
sp.+ Burkholderia sp.+ Enterobacter sp.) with values 
ranging from 23.93 to 25.78 cm compared to the negative 
control with 21.65 cm. At the sixth week, the highest score 
is recorded from consortia ABCD with an average of 81.55 
cm, compared to the negative control with 51.25 cm. 
Regarding the stem base diameter, no significance 
difference is observed within the different treatments. 
 
The shoot, root and total dry mass of soya bean plants 
six weeks after planting 
 
While    no   significant     difference   was   observed   within 

treatments while considering the root dry mass, great 
differences are observed within treatments regarding the 
shoot and total plant dry mass (Table 5). The positive 
control (Cont+) in both cases showed the highest score with 
2.28 and 2.70 g for the shoot and total plant dry mass 
respectively. Among the inoculating treatments, consortia 
ABCD (1.90 g) and AB (2.46 g) showed the greatest values 
respectively for the shoot and total plant dry mass. Here 
also in all cases, the positive control supplement with 
soluble phosphate presented the highest scores (Table 5). 
 
Number and mass of common bean and soya bean 
nodules six weeks after panting 
 
Significant differences were noted within treatments 
regarding the number and the dry mass of nodules for both 
common bean and soya bean (Table 6). While the negative 
control with sterile soil (Cont-s) did not showed any 
nodule, the consortium ABCDs with sterile soil could not 
showed anymore. Meanwhile, the positive control (Cont+) 
displayed the highest score in all cases for both species. For 
common bean, the treatment B (Pseudomonas sp.) gave the 
highest nodule number (24) as well as the greatest nodule 
dry mass (0.21 g) compared to negative control with 4 
nodules and 0.03 g respectively. For soya bean, most of the 
inoculation treatments displayed significant differences 
with a nodule number ranging between 2 (A) and 7 (BCD). 
Meanwhile, except the positive control with 0.31 g, no 
significant difference was observed within inoculation 
treatments and negative control (0.01 g) as far as concern 
the nodule dry mass.  
 
Effect of bacterial inoculation on growth and 
nodulation of common bean 
 
While    considering   the   average  effect  of   inoculation on 
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Table 5. The shoot, root and total dry mass of soya bean plants six weeks after planting 
 

Treatment Shoot dry mass (g) Root dry mass (g) Total plant dry mass (g) 
 Cont- 1.18 ± 0.2 ab 0.25 ±  0.0 a 1.42 ±  0.2 a 
Cont-s 1.03 ± 0.0 a 0.25 ± 0.0 a 1.22 ±  0.1 a 
Cont+ 2.28 ± 0.9 c 0.42 ± 0.2 b 2.70 ±  1.1 b 
A 1.75 ± 0.3 abc 0.27 ± 0.1 a 2.02 ±  0.3 ab 
B 1.51 ± 0.2 abc 0.26 ± 0.0 a 1.77 ±  0.2 ab 
C 1.69 ± 0.2 abc 0.30 ± 0.1 a 2.00 ±  0.2 ab 
D 1.62 ± 0.4 abc 0.40 ± 0.2 ab 2.02 ±  0.5 ab 
AB 2.02 ± 0.2 bc 0.44 ± 0.1 b 2.46 ±  0.2 b 
BCD 1.46 ± 0.2 abc 0.27 ± 0.0 a 1.73 ±  0.2 ab 
ABCD 1.90 ± 0.2 bc 0.36 ± 0.0 ab 2.25 ±  0.2 ab 
ABCDs 1.40 ± 0.1 ab 0.33 ± 0.1 ab 1.74 ±  0.1 ab 

 

The different letters within the same column indicate a significant difference (p<0.05) between treatments. 
Note: Cont- =negative control with rock phosphate without inoculation; Cont-s=negative control containing rock 
phosphate with sterile soil without inoculation; Cont+= positive control with soluble phosphate (KH2PO4); A 
(Klebsiella sp.); B (Pseudomonas sp.); C (Burkholderia sp.); D (Enterobacter sp.); AB (Klebsiella sp.+Pseudomonas 
sp.); BCD (Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); ABCD (Klebsiella sp.+Pseudomonas sp.+ 
Burkholderia sp.+ Enterobacter sp.); ABCDs (Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.) 
with sterile soil. 

 
 

Table 6. Number and mass of common bean and soya bean nodules six weeks after panting 
 

Treatment Common bean Soya bean 
Number of nodules Nodules dry mass (g) Number of nodules Nodules dry mass (g) 

Cont- 4.0 ± 5 ab 0.03 ± 0.0 a 1.0 ± 1 a 0.01 ± 0.0 a 
Cont-s 0.0 ± 0 a 0.00 ± 0.0 a 0.0 ± 0 a 0.00 ± 0.0 a 
Cont+ 42.0 ± 18 c 0.36 ± 0.2 c 10.0 ± 3 b 0.31 ± 0.2 b 
A 19.0 ± 6 abc 0.11 ± 0.1 ab 2.0 ± 1 ab 0.05 ± 0.0 a 
B 24.0 ± 10 bc 0.21 ± 0.0 bc 5.0 ± 3 ab 0.04 ± 0.0 a 
C 11.0 ± 8 ab 0.07 ± 0.1 ab 3.0 ± 3 ab 0.04 ± 0.1 a 
D 13.0 ± 2 ab 0.06 ± 0.0 ab 6.0 ± 6 ab 0.12 ± 0.1 a 
AB 18.0 ± 8 ab 0.07 ± 0.0 ab 4.0 ± 2 ab 0.08 ± 0.1 a 
BCD 21.0 ± 17 abc 0.10 ± 0.1 ab 7.0 ± 7 ab 0.09 ± 0.1 a 
ABCD 21.0 ± 10 abc 0.10 ± 0.0 ab 1.0 ± 1 a 0.03 ± 0.1 a 
ABCDs 0.0 ± 0 a 0.00 ± 0.0 a 0.0 ± 0 a 0.00 ± 0.0 a 

 

The different letters within the same column indicate a significant difference (p<0.05) between treatments. 
Note: Cont- =negative control with rock phosphate without inoculation; Cont-s=negative control containing rock phosphate with sterile 
soil without inoculation; Cont+= positive control with soluble phosphate (KH2PO4); A (Klebsiella sp.); B (Pseudomonas sp.); C 
(Burkholderia sp.); D (Enterobacter sp.); AB (Klebsiella sp.+Pseudomonas sp.); BCD (Pseudomonas sp.+ Burkholderia sp.+ Enterobacter 
sp.); ABCD (Klebsiella sp.+Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); ABCDs (Klebsiella sp.+Pseudomonas sp.+ Burkholderia 
sp.+ Enterobacter sp.) with sterile soil. 

 
 
 
growth and nodulation of common bean plants, the highest 
record was obtained with the positive control (Cont+) 
supplemented with soluble phosphorus, with an average of 
375.1% (Table 7). Pseudomonas sp. was the strain showing 
the greatest result among the single inoculation treatments 
with an average of 251% effect, while the consortia BCD 
(Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.); is 
the best with an average of 162.5%, followed by ABCD 
made of the four strains, with an average of 151.6%. 
 
Effect of bacterial inoculation on growth and 
nodulation of soya bean 
 
Based on the average effect of inoculation on growth and 
nodulation of soya bean plants, the highest record was 

obtained with the positive control (Cont+) supplemented 
with soluble phosphorus, with an average of 535.3% (Table 
8). Here, Enterobacter sp. is the strain showing the greatest 
result among the single inoculation treatments with an 
average of 231.4% effect, while the consortia BCD 
(Pseudomonas sp.+ Burkholderia sp.+ Enterobacter sp.) 
remains the best with an average of 197%, followed by AB 
(Klebsiella sp.+Pseudomonas sp.) with an average of 
169.2%. 
 
 
DISCUSSION 
 
The phosphate solubilising activity of bacterial strains was 
first    assessed    on    plates   supplemented with   sparingly  
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Table 7. Effect (%) of bacterial inoculation on growth and nodulation of common bean (Phaseolus vulgaris L.) six weeks after planting 
under pot grown conditions 

 
Treatment Number of 

leaves 
Stem base 
diameter 

Shoot dry 
mass 

Root dry 
mass 

Total plant 
dry mass 

Number of 
nodules 

Nodules 
dry mass 

Average 
effect(%) 

Cont+ 36.6 60.0 155.6 166.7 156.5 950 1100 375.1 
A 45.5 50.0 164.4 137.5 160.9 375 266.7 171.4 
B 54.5 35.0 144.4 262.5 160.9 500 600 251.0 
C 27.3 55.0 93.8 79.2 91.8 175 133.3 93.6 
D 54.5 50.0 106.9 116.7 108.2 225 100 108.8 
AB 27.3 70.0 131.3 141.7 132.6 350 133.3 140.9 
BCD 45.5 80.0 123.8 108.3 121.7 425 233.3 162.5 
ABCD 54.5 75.0 56.3 125 92.4 425 233.3 151.6 
ABCDs 63.6 42.9 136.9 75.8 129.1 0 0 64.0 

 

The effect (%) is calculated according to the formula:  or  Where, T is a given 

treatment, Cont- and Cont-S the negative controls with non-sterile and sterile soil respectively 

 
 

Table 8. Effect (%) of bacterial inoculation on growth and nodulation of soya bean (Glycine max) six weeks after planting 
under pot grown conditions 

 
Treatment Number 

of leaves 
Plant 

height 
Stem 
base 

diameter 

Shoot 
dry 

mass 

Root 
dry 

mass 

Total 
plant dry 

mass 

Number 
of 

nodules 

Nodules 
dry 

mass 

Average 
effect 
(%) 

Cont+ 25 52.8 60.0 93.2 68.0 90.1 900 3000 535.3 
A 25 48.7 00.0 48.3 8.0 42.3 100 400 84.0 
B 12.5 42.2 20.0 28.0 4.0 24.6 400 300 103.6 
C 37.5 38.5 30.0 43.2 20.0 40.8 200 300 88.3 
D 37.5 47.8 30.0 37.3 60 42.3 500 1100 231.4 
AB 50 38.7 50.0 71.2 76 73.2 300 700 169.2 
BCD 50 28.5 50.0 23.7 8.0 21.3 600 800 197.0 
ABCD 37.5 59.1 50.0 61.0 44.0 58.5 0 200 63.1 
ABCDs 0 13.8 00.0 35.9 32.0 42.6 0 0 15.5 

 

The effect (%) is calculated according to the formula:  or  

Where, T is a given treatment, Cont- and Cont-S the negative controls with non-sterile and sterile soil respectively.  

 
 
 
soluble inorganic/organic as well as rock phosphates, with 
the index of solubilisation as an indicator for the strain 
efficiency. The higher the value of the index of 
solubilisation, the greater is the activity of the tested strain. 
The test of purity and stability on plates amended with 
sparingly soluble phosphate is a direct and quick way to 
appreciate the efficiency of strains in solubilising insoluble 
phosphate sources. Fankem et al. (2008) suggested 
improving such simple plate tests in acidic soils by using 
iron phosphate for the first selection step, because a halo 
zone on this P source clearly indicates other mobilizing 
mechanisms than acidification. Except for Klebsiella sp., the 
three other strains were able to show halo zone on plates 
supplemented with iron phosphate, confirming their real 
aptitude in improving the soil available phosphorus under 
acidic condition. The selection of Klebsiella sp. is related to 
its ability in showing a wide halo zone on plates 
supplemented with aluminium phosphate, since halo zone 
as criteria is not enough for phosphate-solubilising bacteria 
selection, as many strains unable to produce any visible 

halo zone on agar plates can conversely mobilize significant 
amount of phosphate in liquid media (Gupta et al., 1994).  

In the present study, strains of Pseudomonas sp., 
Klebsiella sp., Burkholderia sp. and Enterobacter sp. were 
assessed for the growth promotion and nodulation in pots 
containing unsterile and sterile soils amended with 
recalcitrant natural rock phosphate. Results revealed that 
significant increases in the number of leaves, plant height, 
stem base diameter, shoot and root dry mass, the number 
and dry mass of nodules were observed with inoculation 
compared to non-inoculated control for both common and 
soya bean. Inoculations either singly or combined 
inoculation resulted in increased growth and nodulation for 
both common and soya bean. 

An important issue for the potential use of PSB is the 
growth stimulation when plants are inoculated. Many 
studies have recently shown that inoculation with some 
plant growth-promoting bacteria (PGPB), increases growth 
and yield in great number of plants including legumes 
(Shaharoona et al., 2006; Tilak et al., 2006; Pirlak and Köse,  
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2009). However, in the case of the beneficial effect, it is 
important to find out which specific trait of the plant is 
affected by the inoculation (Collavino et al., 2010). PGPB 
can contribute to plant growth in different manners: by 
increasing nitrogen uptake, synthesis of phytohormones 
(auxin, cytokinin), minerals solubilisation and iron 
chelation (Robin et al., 2008; Adesemoyea et al., 2010; 
Egamberdieva et al., 2010). Taking into account that some 
PGPB possess ability of phosphate solubilisation, they could 
be useful in bean production improvement by increasing P 
content in the soil and enhancing nodulation and N fixation 
(Stajković et al., 2011). 

The increase in growth parameters due to PSB 
inoculation seems to be related to the increased uptake of N 
and P by plants. Probably, the microorganisms involved in P 
solubilisation enhanced plant growth by increasing the 
efficiency of biological nitrogen fixation, enhancing the 
availability of trace elements and by production of plant 
growth promoting substances (Gyaneshwar et al., 1998). 
Phosphorus has a considerable influence on the legume-
rhizobia symbiosis. Positive effects of P on nodulation and 
nitrogenase activity in common bean were observed 
(Stajković et al., 2011). Nitrogen fixation in common bean is 
more affected by P deficiency than in other legume crops 
Graham et al., 2003; Hernandez et al., 2009). The results 
confirmed the findings of Gaur (1990) and Dubey (1996) 
who also reported increased nodulation due to PSM 
inoculation. It is known that every aspect of the process of 
formation of the N2 fixing nodule is limited by the 
availability of P (McDermott, 1999). From these results we 
can conclude that in plants from inoculating treatments, the 
rock phosphate solubilisation in the soil lead to an increase 
of P content in plants and therefore favourable to plant 
nodulation. 
 
 
CONCLUSION 
 
The results obtained in the present study indicate that 
Pseudomonas sp., Burkholderia sp., Enterobacter sp. and 
Kliebsiella sp. can effectively improve the solubility of rock 
phosphate applied as fertilizer, can increase the amount of 
available phosphate in the soil and increase the growth and 
nodulation of both common and soya beans. This suggests 
that the use of rock phosphate combined with the co-
inoculation of phosphate solubilising bacterial strains in 
soil with low fertility provides a sustainable alternative to 
the use of industrial fertilisers for both common and soya 
beans production. This approach would ensure common 
and soya beans production in economically profitable and 
environmentally friendly manners.  
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