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ABSTRACT 

Native phosphate solubilizing bacteria (PSB) were isolated from four areas (Ankober, 

Keyt, Mehalmeda and Molale) of Ethiopia to study their effect on releases of soluble 

phosphorus from insoluble P sources. The highest bacterial number was found at Keyt 

(2.6××××103 g-1soil) and the least at Molale (15 g-1soil). Five efficient PSB were selected for 

further study based on their ability in forming a higher clear zone diameter than the 

other isolates. These isolates were identified based on phenotypic characters as 

Pseudomonas sp. Anb-105, Meh-008, Meh-101, Meh-303 and Meh-305. The phosphate 

solubilizing efficiency of these five isolates along with Jim-41 isolate from the National 

Soil Research Centre were studied using different P sources [Tricalcium Phosphate 

(TCP), Egyptian Rock Phosphate (ERP), Bikilal Rock Phosphate (BRP) and Old Bone 

meal (OB)] in an incubation study. The results revealed that all the PSB isolates 

significantly (P≤≤≤≤ 0.01) solubilized a higher amount of TCP, ERP and OB over the 

uninoculated control. The highest amount of solubilization was achieved for TCP with 

Meh-305 (39 mg per 50 ml) followed by ERP with Meh-101 (31 mg per 50ml) at pH 3.82 

and 3, respectively. Although Meh-008 and Jim-41 isolates solubilized significant amount 

of BRP during the 20 days of incubation, the soluble P obtained was very small as 

compared to other P source tested.  
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INTRODUCTION 

Phosphorus is second only to nitrogen 

among mineral nutrients most commonly 

limiting the growth of crops. Phosphorus is 

an essential element for plant development 

and growth making up about 0.2 % of plant 

dry weight. Plants acquire P from soil 

solution as phosphate anions. In many soils, 

although phosphate is available in plenty, 

application of phosphatic fertilizers is a must 

to make up for the phosphorus lost due to 

the fixation of soluble phosphate by soil 

constituents and phosphate run off in P-

loaded soil (Vikram and Hamzehzarghani, 

2008). However, phosphate anions are 

extremely reactive and may be immobilized 

through precipitation with cations such as 

Ca
2+

, Mg
2+

, Fe
3+

 and Al
3+

, depending on the 

particular properties of a soil. In these forms, 

P is highly insoluble and unavailable to 

plants. As the results indicated, the amount 

available to plants is usually a small 

proportion of this total (Rdresh et al., 2004).  

Phosphorus deficiency is the most 

important problem of Ethiopian soil and 

more than 70-75% of highland soils are 

characterized by phosphorus deficiency 

(Beyene, 1982). The deficiency is very 

severe in the acidic soils of the southern, 

southwestern and western regions. In these 
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areas Al
3+

 and Fe
3+

 are totally incriminated 

with phosphorus fixation (Sertsu and Ali, 

1983). Around 70% of Ethiopian vertisols 

have available phosphorus below 5 ppm, 

which is very low for supporting good plant 

growth and fixation in vertisols is related 

more to calcium, which is the predominant 

cation in all profiles than Al
3+

 and Fe
3+ 

(Mamo et al. 1988).  

The role of microorganisms in solubilizing 

inorganic phosphates in soil and making 

them available to plants is well known 

(Bhattacharya and Jain, 2000). They are 

called phosphate solubilizers (PSB) and they 

convert the insoluble phosphates into soluble 

forms by acidification, chelation, exchange 

reactions and production of gluconic acid 

(Chen et al., 2006). The use of PSB as 

inoculants for crop plants has received 

considerable attention over the years 

(Pandey et al., 2006). Inoculation of PSB 

has resulted in improving growth, yield and 

phosphorus uptake in several crops 

(Hameeda et al., 2006 a). It is believed that 

production of plant growth promoting 

substances by PSB may contribute to their 

stimulatory effect on plant growth (Hameeda 

et al., 2006b).  

Phosphate solubilizing microorganisms 

isolated elsewhere have not been very 

consistent in their performance everywhere 

owing to their poor adaptability to the 

changing soil and agroclimatic conditions 

(Vikram et al., 2007). The aim of our 

investigations was to isolate the native 

phosphate solubilizing bacteria from some 

faba bean yield depleted and yield sustained 

areas of Northern Shewa region, Ethiopia to 

study their effect on solubilizing insoluble P 

into soluble P form.  

MATERIALS AND METHODS 

Sampling Site and Soil Sample 

Collection 

Rhizosphere soil samples were collected 

from four study areas [Ankober and Keyt 

(yield sustained), Mehalmeda and Molale 

(yield depleted)] of Ethiopia between May 

and June 2007. The regions are found in 

Semien Shewa Zone with a classical 'Weina 

Dega' (subtropical) climate characterized by 

1,500-2,300 altitude, dry sub humid 

highland forest vegetation, with six (long 

and short) rainy months, with 800-1,000 mm 

annual rainfall, 13-16.3
°
C average annual 

temperature and evapotranspiration of 110-

125 cm. Soil samples were collected at a 

depth of 0-30 cm from ten randomly 

selected sites in each region. The physical 

and chemical properties of the soils are 

presented in Table 1. For microbial isolation 

and analysis they were preserved at 4
°
C.  

Isolation of PSB from the Rhizosphere 

The rhizosphere soil samples of various 

regions were collected and analysed for PSB 

population by the following method of 

Pikovskaya (1948) at the department of 

Biology, Addis Ababa University, Ethiopia. 

The bacterial colonies showing clear zone 

on Pikovskaya’s agar medium were purified, 

identified, sub cultured and stored for further 

use. Each isolate is coded by three letters 

from the name of the sampling site- 

(Ankober (Anb), Keyt (Kyt), Mehalmeda 

(Meh), Molale (Mol). The population of 

phosphate solubilizing bacteria was 

determined following the method described 

in Ponmurugan and Gopi (2006). Based on 

the efficiency the following PSB isolates 

were used in the test (Anb-105, Meh-008, 

Meh-101, Meh-303, Meh-305 and Jim-41). 

The incubation study was carried out using 

the following treatments. Fifty ml of 

Pikovskay`s liquid medium without 

phosphorus was dispensed in a 250 ml 

Erlenmeyer flask and used as the control. 

Tricalcium phosphate (250 mg); Egyptian 

rock phosphate (300 mg); Bikilal rock 

phosphate, (1.2 gm) and Bone meal (200 

mg) were added separately as a phosphorus 

source and used as different treatments. The 

above quantities gave the equivalent amount 

of phosphate ions. The flasks were sterilized 

at 121 
°
C, 15 Psi for 15 minutes. Each flask
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was inoculated with 0.1 ml of 24 hour active 

culture suspensions of each PSB isolate. The 

flask was kept on a rotary shaker for 10 

hours per day until the day of sampling. 

Three replicate flasks were used for each 

PSB isolate, from which samples were 

collected at 5, 10, 15, and 20 days and 

analyzed for phosphorus and pH changes. 

Soluble phosphorus was quantitatively 

determined following the method cited in 

Subba Rao (1993). From each culture broth, 

insoluble materials were removed by 

filtering through whatman filter paper No.1 

and the filtrate was centrifuged at 13,000 

rpm for 15 minutes. Ten ml of the filtrate 

was then mixed with 2.5 ml of Barton’s 

reagent. The volume was adjusted to 50 ml 

with distilled water. After 10 minutes, the 

resultant color was read in a 

Spectrophotometer at 430 nm. The 

quantitative data obtained were subjected to 

analysis of variance using SPSS 10.5 series 

statistical version computer software. Means 

were separated using LSD and Duncan’s 

multiple range test at a 0.5 and 1% level of 

significance. 

RESULTS 

The phosphate solubilizing bacteria were 

present in all the soil samples (Ankober, 

Keyt, Mehalmeda, and Molale). However, 

they were found to differ both in number, as 

estimated by colony forming units per gram 

of soil, and efficiency as observed from 

clear zone diameter around their colonies. 

From these isolates, five efficient PSB were 

selected for further study and designated as 

Anb-105, Meh-008, Meh-101, Meh-303, 

Meh-305. These isolates formed a clear zone 

diameter of between 1 mm and 4.5 mm and 

the largest clear zone diameter of 4.5mm 

was found in Mehalmeda isolates of Meh-

101, Meh-303, Meh-305 (Table 2). The 

isolates were further characterized on the 

basis of cultural, morphological and 

biochemical characters together with a 

reference isolate from Jimma (Jim-41) and 

were found to belong to the genus 

Pseudomonas. 

The results of tricalcium phosphate 

solubilization by the selected isolates and 

the associated pH changes in the medium are 

shown in (Table 3). The result showed that 

PSB isolated from the Northern Shewa 

region were found to be more efficient in 

solubilizing tricalcium phosphate than the 

Jim-41. All the bacterial isolates solubilized 

significantly (P≤ 0.01) higher amounts of 

tricalcium phosphate over uninoculated 

control. The highest amount of 

solubilization was recorded for the bacterial 

isolate Meh-305 (39 mg) followed by Meh-

303 (34 mg), Meh-101 (27 mg), Jim-41 

(20.4 mg), Anb-105 (20 mg) and Meh-008 

(19.5 mg) at 20 days of incubation time. An 

inverse correlation between the amount of 

soluble P and the reduction of pH in the 

inoculated medium (r≥ -0.93 and R
2
≥ 0. 95) 

was found when compared with the 

uninoculated medium(r= 0.075).  

There was significant (P≤ 0.01) 

solubilization of Egyptian rock phosphate 

over the uninoculated control by the six 

isolates. The amount of soluble phosphorus 

and corresponding pH change of the 

medium is presented in Table 4. The 

solubilization increased steadily up to 20 

days of incubation where the maximum 

amount of soluble phosphorus was released. 

The highest amount of soluble phosphorus 

was obtained with Meh-101, (31 mg) 

followed by Meh-305, (25 mg), Meh-303, 

(22.8 mg), Anb-105, (22.5 mg), Meh-008, 

(20.5 mg) and Jim-41, (19.5 mg). There was 

a drastic drop in the pH of the medium 

inoculated with all PSB isolates, whereas the 

pH change in the uninoculated flask 

throughout the 20 days was not significant 

(P≥ 0.05). The correlation analysis showed 

that there is an inverse relation between 

phosphorus release and decrease of pH (R
2
≥ 

0.96) and (r≥ -0.94). 

The results for the phosphorus 

solubilization efficiency of PSB isolates on 

Bikilal rock phosphate is shown in Table 5. 

The amount of phosphorus released by 

different isolates of PSB on the Bikilal rock 
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phosphate as a function of time was not 

significant unlike the tricalcium phosphate 

and Egyptian rock phosphate. On the fifth 

day of inoculation, Meh-008 and Jim-41 

isolates showed significant differences of 

soluble (P≤ 0.05) phosphorus as compared 

with other isolates and control. On the 10
th 

day, the isolates of Meh-008, Meh-305 and 

Jim-41 showed a significant difference (P≤ 

0.05). On the 15
th 

and 20
th
 days after 

inoculation, all the isolates were found to 

solubilize significant amount of soluble 

phosphorus. Although the medium 

inoculated with PSB isolates showed a 

decrease in the pH, the amount of soluble 

phosphorus released in the medium was very 

low as compared to other phosphorus source 

tested (r≥ - 0.94) and R
2
≥ 0.99). 

The amount of soluble phosphorus 

released from the old bone meal and 

corresponding pH decrease of the medium 

by the PSB isolate is shown in (Table 6). 

There was a significant amount of P 

solubilization by the six isolates over the 

uninoculated control. Anb-105 was 

comparatively more efficient in solubilizing 

old bone meal than all of the rest of the PSB 

isolates, followed by Meh-008. The 

maximum solubilization was achieved at 20 

days of incubation. Even though there was a 

drastic drop in the pH of the medium, which 

was inoculated with PSB isolates, there was 

no significant change (P≥ 0.05) in the pH of 

the control. There was inverse relationship 

between soluble P and decrease in pH (r≥ -

0.96) and R
2
≥ 0.98). 

DISCUSSION 

The role of phosphate solubilizing bacteria 

(PSB) in solubilizing a fixed form of soil P 

and making it available is very well known. 

In vertisols, the problem of P fixation is 

usually greater due to the fact that the 

available P is fixed in the form of poorly 

soluble calcium mineral phosphates and is 

unavailable to plants (Vikram et al., 2007). 

Most of the Ethiopian soils are vertisols 

which are better for isolating native PSB, 

and this will be useful for increasing the 

agricultural productivity of both faba bean 

yield sustained (Ankober and Keyt) and 

yield depleted (Mehalmea and Molale) areas 

of Ethiopia. The population level is higher in 

the Ankober and Keyt areas as compared to 

the Mehalmeda and Molale areas. The 

colony-forming unit of the microbial 

population per gram of soil was about 10
9
 

for yield sustained areas and about 10
5
 for 

the yield depleted' ones. The proportion of 

PSB is higher for the yield sustained 

Ankober and Keyt than the yield depleted 

Mehalmeda and Molale areas, which is 

about > 0.5% for the former and < 0.1 % for 

the latter. This finding is in line with the 

report of Pal (1998) who isolated phosphate 

solubilizing bacteria from the soil samples 

of forest, pasture, waste land, agricultural 

and horticultural land and observed potential 

phosphate solubilizing bacteria as varying 

between 32-60× 10
3
 g

-1
 of soil. This 

variation might be attributed to many soil 

factors such as soil nutrients, pH, moisture 

content, organic matter and some enzyme 

activities (Ponmurugan and Gopi, 2006). 

The differences in population density of 

PSB in the yield sustained (Ankober and 

Keyt) and yield depleted areas (Mehalmeda 

and Molale) may be associated with the faba 

bean cropping history of the sampling site. 

Since the yield sustained regions have a 

continuous production of faba bean, their 

rhizosphere can be contributing to the 

continuous growth and development of 

microorganisms including the PSB. In this 

particular study, however, a higher 

population density of PSB was observed in 

the yield sustained Ankober and Keyt than 

the yield depleted areas of Mehalmeda and 

Molale, and more efficient PSB strains were 

isolated from yield-depleted areas of 

Mehalmeda. Out of all the bacterial isolate 

that showed a clean zone around the colony, 

five were selected based on having a clear 

zone diameter, including four of them 

isolated from Mehalmeda soil. All the 

isolates were Gram negative, straight, non 

spore formers, motile, non gas producing, in 

oxidative fermentative medium with
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Figure 1. Solubilization efficiency of the native phosphate solubilizing bacteria 

(PSB)  isolates. 

glucose: open tube acid produced, tube 

sealed acid not produced, oxidase positive, 

catalase positive, indole negative, methyle 

red negative, voges proskauer negative. 

These characteristics render all the isolate as 

belonging to genus Pseudomonas. This 

finding is supported by an earlier report that 

says that most efficient and frequently 

encountered phosphate solubilizing bacteria 

belonging to the genus Pseudomonas or the 

genus Bacillus (Sundram, 1994). Haile et al. 

(1999) also isolated three phosphate 

solubilizing bacteria from Southern part of 

Ethiopia all of which are characterized as 

belonging to the genus Pseudomonas.  

Evaluation of the efficiency of each isolate 

on solubilization of the different phosphorus 

sources showed that Meh-303 and Meh-305 

are very effective on tricalcium phosphate 

followed by Meh-101. Meh-101 was found 

to be the most effective in the solubilization 

of Egyptian rock phosphate.  

The solubilization efficiency of Meh-008 

and Anb-105 was shown to be uniform on 

the different phosphorus sources. Not all the 

isolates were as effective on the Bikilal rock 

phosphate as they were on other phosphorus 

sources (Figure 1). All the five PSB isolates 

selected for the solubilization efficiency test 

solubilized a significantly greater amount of 

insoluble phosphate sources, except that of 

the Ethiopian rock phosphate (Bikilal rock 

phosphate), over the uninoculated control. 

Although the Jim-41 isolate and Meh-008 

isolates were able to solubilize phosphorus 

from Bikilal rock phosphate throughout the 

20 days as compared to the control. The 

amount of soluble phosphorus released was 

not comparable with the other phosphorus 

sources. The presence of a small amount of 

soluble phosphorus in the uninoculated 

control flask is believed to be due to the 

release of PO4
3-

 during autoclaving. This 

finding is in agreement with that of Haile et 

al. (1999). There was a progressive increase 

in the solubilization of the tricalcium 

phosphate and Egyptian rock phosphate by 

tested PSB isolates during the 20 days of 

incubation. Bacteria isolated from 

rhizosphere soils are known to produce 

growth regulating substances and some of 

them are capable of dissolving phosphate. 

Some of the PSB are also able to produce 

vitamins towards the dissolution of 
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bicalcium phosphate and all the strains of 

phosphate bacteria were able to solubilize 

inorganic phosphate (Ponmurugan and Gopi, 

2006). Increasing the bioavailability of P 

with the inoculation of PGPR or with a 

combination of inoculation and rock 

materials has been also reported by Han and 

Lee (2005).  

There was also a prefect inverse 

relationship between release of soluble 

phosphorus and reduction in the pH of the 

medium (r≥ -0.96) for all substrates. In this 

investigation the highest soluble phosphorus 

was observed in tricalcium phosphate 

inoculated with Meh-305 and the 

corresponding pH decrease during 20 days 

of incubation was 3.82. Paul and Sundura 

Rao (1971) studied the relationship between 

tricalcium phosphate solubilization ability of 

12 PSB isolates and the pH of the medium. 

The result revealed that there was a prefect 

inverse correlation with the amounts of 

tricalcium solubilized and the pH of the 

medium inoculated with PSB cultures. 

Among twelve PSBs tested, the highest 

amount of tricalcium phosphate 

solubilization was achieved by Bacillus 

brevis with the lowest pH of 4.4. Acid 

production and reduction of the pH of the 

medium is one of the mechanisms by which 

soluble phosphorus is released by PSB 

(Gaur, 1988).  

The drop in pH of the inoculated medium 

containing Egyptian rock phosphate and 

Ethiopian rock phosphate (Bikilal rock 

phosphate) was more drastic than tricalcium 

phosphate. Among the different phosphorus 

sources tested, the lowest pH value was 

observed in Egyptian rock phosphate and 

Bikilal rock phosphate inoculated with Jim-

41 isolate. This is supported by Haile et al. 

(1999) and this could be due to the high 

insolubility of rock phosphate compared to 

tricalcium phosphate. Thus, some PSB 

isolates when inoculated in a medium with 

rock phosphate released more acid than they 

did with tricalcium phosphate. It is also 

found that Meh-101, Meh-303 and Meh-305, 

which were most efficient in solubilizing 

tricalcium, and Egyptian rock phosphate 

were found to be poor in solubilization of 

old bone. Anb-105, Meh-008 and Jim-41 

isolates were more effective in solubilizing 

old bone than other phosphorus sources. 

This may suggest that the mechanism 

employed by PSB isolates in solubilizing old 

bone is different from that of tricalcium 

phosphate and Egyptian rock phosphate. The 

solubilization of old bone is probably due to 

the production of enzymes such as acid 

phosphatases produced by PSB isolates. 

This could be substantiated by the findings 

of Gaur (1972), who reported that the 

solubilization of calcium phytate and 

lecithin by microorganisms was due to the 

production of enzymes such as phytase and 

lecithinase.  

CONCLUSIONS 

The phosphate solubilizing efficiency of 

five native isolates of Ethiopia revealed that 

all the PSB isolates significantly (P≤ 0.01) 

solubilized a higher amount of Tricalcium 

phosphate, Egyptian rock phosphate and 

bone meal.  

The isolates can be used to solubilize 

insoluble phosphates, which is characteristic 

of Ethiopian highland soils due to 

phosphorus fixation.  
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هاي حل كننده فسفات از ريزوسفر لوبيا در اتيوپي و بررسي  جداسازي باكتري

  توانمندي آنها در قابل استفاده نمودن فسفر غير محلول

  پرابو. س. عاصفا و پ. كنني، ف. ا

  چكيده

 از چهار منطقـه انكـوبر، كيـت، مهالـدا و مـولال در      (PSB)فات بومي هاي حل كننده فس  باكتري

بيـشترين  . اتيوپي جداسازي و توانمندي آنها در حل نمودن فسفر غير قابل استفاده، بررسـي گرديـد     

در منطقه كيـت و حـداقل جمعيـت بـاكتري     )  در هر گرم خاك   6/2 × 103(تعداد جمعيت باكتري    

  بـومي ها پـنج سـوش مـؤثر    از ميان اين باكتري  . لال بدست آمد  از منطقه مو  )  در هر گرم خاك    15(

PSB از جنس ي تماماً اين سوشها شناساي. براي تحقيقات بعدي انتخاب شدPsudomunas sp  بوده 

اثربخـشي  . نامگذاري شـدند  Meh-305 و   Anb-105  ،Meh-008  ،Meh-101  ،Meh-103و با اسامي    

ملي تحقيقات خاك در قابل استفاده نمودن فسفر غيـر           از مركز    Jim-41اين سوشها همراه با سوش      

، (ZRP) اتيوپي، خاك فسفات مصر      (TCP)كلسيم فسفات   قابل استفاده موجود در چهار منبع تري      

نتايج نشان داد كه تمـام  .  تلقيح شدند(OB)هاي كهنه   ، و استخوان  (BRP)كيلال    خاك فسفات بي  

سـه منبـع    موجـود از  غيـر قابـل اسـتفاده    ستند فسفر توان(P≤0.01)داري  به طور معني PSBسوشهاي  

TCP  ،ZRP   وOB      ،بيـشترين اثربخـشي    .  قابل استفاده گياه آزاد نماينـد      بصورتدر مقايسه با شاهد

 50گـرم در       ميلـي  31( و در رديف بعدي      Meh-305متعلق به سوش    ) ليتر   ميلي 50گرم در      ميلي 39(

.  بدسـت آمـد  00/3 و 82/3هـاي  pH در  TCPوي منبـع   بـر ر Meh-101متعلق به سـوش  ) ليتر ميلي

، مقداري  BRP روز تلقيح از منبع      20 توانستند در طول مدت      Meh-008  ،Jim-41گرچه سوشهاي   

 هـاي  فسفر قابل استفاده گياه را آزاد نمايند ليكن اين مقـدار در مقايـسه بـا آزادسـازي سـوش           

Meh-101, Meh-305بسيار ناچيز بود .  
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