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Abstract:  Actinomycetes with their sporulation, root colonization, bio-control, plant growth promotion and other activities could 
be potential Agricultural bio-fertilizers. Phosphorus is second most important macronutrients found in bound and immobilized 

form resulted less solubility and availability to the crops (Azziz et al., 2012, Sharma et. al., 2013). Hence, a phosphate 

solubilizing actinomycetes Sreptomyces cinnamoneus (AKR-18) was isolated from wheat, maize and paddy fields of Gangatic 

plain of Bhagalpur district, Bihar, India. Strain AKR-18 was capable to solubilize phosphate from P2O5, AlPO4 and FePO4 in 

NBRIP media. In the present study, effect of different abiotic factors such as pH, temperature, C-sources, N-sources and 

incubation period of this strain were standardized. Day wise kinetics of maximum P-solubilization against P2O5 by AKR-18 was 

212.15 mg/L. During investigation it was found that lactose was the best C-source (315.20 mg/L) while (NH4)2SO4 was best N-

source (275.12 mg/L). The optimum pH and temperature were recorded 7 (286.12 mg/L) and 28˚C±2˚C (291.32 mg/L) 

respectively. The maximum activity of P-solubilization by AKR-18 was observed after 6 days of incubation (291.52 mg/L). Present 

study is helpful for future study on this strain (AKR-18). Hence if suitable conditions are available the application of P-

solubilizing actinomycetes strain AKR-18 in agricultural field might be enhance the growth and yield of crop plants.  
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1. INTRODUCTION 

Phosphorus is an essential macronutrient for plants growth but it is present in the soils as a highly insoluble forms hence 

it is unavailable to plants (Wakelin et. al., 2004). The insoluble phosphorus is accumulated in the soil as total phosphorus either in 

the inorganic or organic forms, whenever plants utilize only available phosphorus. Therefore, farmers use different types of 

chemical phosphatic fertilizers to take more yields while they are unaware regarding the accumulation of phosphatic fertilizers in 

soil. Phosphate makes a bond with different elements such as Al, Fe, Ca etc. and reproduces as complexes. The strategy is 

necessary to remove the low phosphate fertility production constraints, with corrective applications of phosphorus technically 

which cause high phosphate fixing capacity of the soil. Fungi, actinomycetes and bacteria have the capacity to solubilize and 

mineralize phosphorus from organic and inorganic pools of total soil phosphorus (Richardson, 20011; Wakelin et. al., 2004). 

Hence the aim of present works were to isolates the phosphate solubilizing actinomycetes from different crop fields of Gangatic 
plain of North Bihar and evaluate the effect of different parameters like different media, different carbon, nitrogen sources, pH, 

temperature and incubation periods on particular phosphate solubilizing actinomycetes strain. 

         

2. MATERIALS & METHODS 

 

2.1 Sample collection and isolation of actinomycetes strains 

The actinomycetes strain of Streptomycetes cinnamoneus i.e. identified after sequencing as AKR-18 used in the present 

study was isolated from the three different crop fields like wheat, maize and paddy from Gangatic plain of Bhagalpur district, 

Bihar. Actinomycetes were enumerated from different crop fields by using serial dilution method. Dilution of 10-3, 10-4 and 10-5 

were used to isolate actinomycetes on Starch Casein Agar (SCA) plate. 100µl aliquot of diluted sample was poured on agar 

surface and is spread uniformly with a sterile glass spreader and incubated the plates at 37˚C±2˚C for 7-10 days. Isolates were 

identified by using 16S rDNA sequencing using 16S forward primer; 5’-AGHGTBTGHTCMTGNCTCAS-3’ and 16S reverse 
primer; 5’-TRCGGYTMCCTTGTWHCGACTH-3’.        

 

2.2 Screening for P-solubilization on PVK agar media: 

Pikovaskaya’s agar (PVK) agar medium was initially used to determine the P-solubilizing activity of selected strains on 

solid media.  

2.3 Effect of different abiotic factors: 

2.3.1 Estimation of P concentration in different media: 

Three different broth media i.e. PVK, NBRYP (expansion) and NBRIP (expansion) medium were used to evaluate the 

best media for P-solubilization activity for AKR-18 strain. 5ml of AKR-18 culture were inoculated in 250 ml of broth medium 

and cultures were incubated at 28˚C±2˚C with 120 rpm rotation on orbital shaker. After 6 days of incubation available P 

concentration was measured by modified Olsen’s method (Tandon, 2005).  
 

2.3.2 Effect of different phosphate sources on P- solubilization: 

The P-solubilizing capabilities of selected strain (AKR-18) towards P2O5, AlPO4 and FePO4 were studies after 6 days of 

incubation following the same method mentioned above. P source of NBRIP media i.e. CaPO4 (5gm) was replaced by these 

sources.  
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2.3.3 Effect of different carbon sources on P-solubilization: 

Four different carbon sources i.e. glucose, lactose, sucrose and galactose were used to determine their effect on P 

solubilization by AKR-18 after 6 days of incubation. 

 

2.3.4 Effect of different Nitrogen sources on P-solubilization: 

The effect of different N sources on P solubilization by AKR-18 were evaluated using (NH4)2SO4, KNO3 and urea in 

NBRIP broth media. P concentration was measured after 6 days. 

  

2.3.5 Effect of different pH and temperature on P-solubilization: 

  pH was measured by using pH meter (Hanna). Three range of pH i.e. 4, 7 and 9 and temperature i.e. 20˚C, 28˚C and 

37˚C were selected for evaluation of better P- solubilization in case of this particular strain.  

 

2.3.6 Effect of incubation period on P-solubilization: 

At interval of equal alternative days P- concentration was measured i.e. 4th, 6th, 8th, 10th and 12th day.  

3. Statistical Analysis:  

Every independent experiment was performed in duplicates and statistical calculations like analysis of variance 

(ANOVA) were calculated by using Graph pad prism ver-5. 

  

4. RESULTS AND DISCUSSION 

Actinomycetes are widely distributed in different habitats and involved in basic processes of recycling and rejuvenation 
of life. Numerous reports have been published on the phosphate solubilizing microorganisms (PSM) such as Bacteria i.e. Bacillus 

subtilis, Pseudomonas sp (Rodriguez & Fraga, 1999), Mesorhizobium sp (Peix et. al., 2001), many fungi like Aspergillus, 

Penicillium sp. etc (Singh, 2013) and arbuscular mycorrhiza (Sagar, 2004; Ouahmane et. al., 2007). Now a day focus has changed 

from discussing actinomycetes capabilities on biomolecules production rather antibiotic productions to utilization in other 

activities. Actinomycetes have the potential to solubilize organic phosphate (Ghorbani-Nasrabadi et. al., 2012) as well as 

inorganic phosphate (Hamdali, 2008). They have the characteristics to survive under extreme soil conditions such as low level of 

moisture or high salinity besides this they are also reported as plant growth promoter by solubilizing soil phosphate as well as 

rock phosphate (Hamdali et al., 2008; Jog et al., 2012). 

 

4.1 Screening of AKR-18 for P-solubilization on PVK agar:  

Unlike other phosphate solubilizing organisms actinomycetes also take part in solubilizing insoluble phosphorus present 
in soil (Salcedo et al., 2014; Farhat et al, 2015; Chacko et al., 2016 etc) and have the capability to convert them from insoluble 

phosphatic compounds to soluble forms in soil and make available to plants (Pradhan & Shukla, 2005; Nopparat et al., 2007; 

Khan et al., 2007; Deepa et al., 2010; Nenwani et al., 2010; Charana & Yoon, 2012) for their growth. During characterization it 

was observed that phosphate solubilizers usually forms clear zone around the colonies (Seshadri et al., 2002; Salcedo et al., 2014) 

but some time it was also observed that no any clear zone visible on the agar plates while solubilized insoluble inorganic 

phosphates in liquid medium (Nautiyal, 1999). The size of clear zone or halo zone varies on the basis of their potentiality.  

Screening of AKR-18 showed 0.4cm/4mm diameter halo zone (Fig.1). The solubilizing index (1.4mm) showed the P-

solubilizing potential of the strain. The strain AKR-18 was incubated at 28±2 °C and results were recorded at equal alternate day 

interval (i.e. 4, 6, 8, 10, & 12 day). It was observed that AKR-18 showed gradual increase in halo zone in respect to colony 

diameter. After few days it was also observed that inconspicuous decline in colonies as well as halo zone growth. That retardation 

in growth might be attributed to deficiency in nutrients in the medium.  
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             Fig.1 P-solubilizing activity on PVK agar by AKR-18               Fig.2 P-solubilizing Index by AKR-18  

 

 
4.2 Effect of different media on P-solubilization potential of AKR-18; 

To confirm the best broth media among PVK, NBRIY and NBRIP for selected strain (AKR-18) PVK was showed the 

concentration of P was 120.48 mg/L and pH drop was 4.9, in NBRIY media P was 160.35 mg/L and pH drop was 3.9 while in 

media NBRIP maximum P- solubilization was recorded i.e. 290 mg/L followed by minimum pH i.e. 3 and biomass of mycelium 

was 0.38g (Fig.3).  Phosphate solubilization was accompanied by a decrease in pH of the medium. Out of all the three selected 

media i.e. PVK, NBRIY and NBRIP at constant pH 7, the drop in pH was correlated with rate of P-solubilization. Maximum P-

solubilization was recorded at minimum pH. On the basis of P- solubilization it was concluded that chemical composition of 

media play a vital role because pH of all the three media was kept constant at neutral i.e. pH 7. The growth media may be graded 

as best fit to low grade from NBRIP> NBRIY > PVK for this particular strain (AKR-18). Therefore, for further studies NBRIP- 

medium was used.  
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Fig.3 Effect of different growth media on P-solubilization   Fig.4 Effect of different pH on P-solubilization by AKR-18 

 

4.3 Effect of pH: 

The growth of microbes is affected by pH (Souchie et al., 2005), even minute variation is also affects the activity 
because it regulates the growth of microbes. To examine the role of pH, three range of pH was taken such as acidic (4.5), neutral 

(7) and alkaline (9) medium to observe the effect of P- solubilization at 28°±2°C in NBRIP medium (Fig. 4). During experiment 

it was observed that AKR-18 showed maximum P-solubilization at pH (7) 221.44 mg/L while changing in pH level from neutral 

to acidic reflects decrease (137.25 mg/L) in P-solubilization capacity. Contrary to that when it was tested at higher scale of pH at 

alkaline range the result was improved (200.37 mg/L) but not to the mark of neutral pH level. The rate of phosphate solubilization 

was most efficient at pH 7, moderate at pH (9) and poor at pH 4.5 as shown in Fig. – 4. This results shows consistency with work 

of Farhat et. al., 2015 and 2009. It was also observed that pH was decreased during incubation period as compared to initial pH. 

4.4 Effect of temperature: 

Three different range of temperature such as 20°±2°C, 28°±2°C and 37°±2°C was taken for examination. Aligning to the 

main objective of this study to examine the effect of temperature on P- solubilization by selected strain (AKR-18) and find out 

suitable temperature for maximum P-solubilization by AKR-18. The maximum P-solubilization was recorded at 28°±2°C (291.32 

mg/L) followed by 37°±2° C (208.12 mg/L) and least at 20°±2°C (108.69 mg/L). Earlier reports also indicates that actinomycetes 
shows better growth & result at 28±2°C and 37±2°C (Sahu et.al., 2007; Hamdali et al., 2008; Mohan et al., 2013; Sreevidya et 

al., 2016). On the basis of above result, it was concluded that the AKR-18 showed maximum potential at 28°±2°C (Fig.5).  
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Fig.5 Effect of different temperature on P-solubilization  Fig.6 Effect of different C- sources on P-solubilization 

 

4.5 Effect of different carbon sources: 

 Phosphate solubilization mechanism is a complex process; this process is influenced by many factors like nutrients 

availability and growth status of the microorganisms. The amounts of glucose as a carbon source play a vital role in the P- 

solubilization. The rate of P-solubilization was increased with increasing concentration of glucose (Nautiyal, 1999). Phosphate 

solubilizing activity of selected actinomycetes was evaluated in the presence of four carbon sources by replacing glucose in 

NBRIP medium. For examination culture was grown in different carbon sources i.e. lactose, glucose, sucrose and galactose in 

NBRIP media by substituting glucose at an amount 10 g/L to evaluate the effect of different carbon sources on phosphate 

solubilization. 

AKR-18 showed maximum solubilization (Fig.6) in lactose (315.20 mg/L) followed by glucose (288.40 mg/L), sucrose (170.41 

mg/L) and galactose (150 mg/L). On the basis of above result it was concluded that lactose was the best carbon source for this 

strain to solubilize phosphorus. It might be due to the presence of lac operon system, because it is well known that actinomycetes 
have the characteristics of both bacteria as well as fungi. 
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4.6 Effect of different nitrogen sources:  

The effect of different nitrogen (N) sources i.e. (NH4)2SO4, NaNO3, KNO3 and urea on P- solubilization was evaluated in 

NBRIP medium by replacing (NH4)2SO4 in the culture media. But the amount of (NH4)2SO4 was changed because it was reported 

that the amount of (NH4)2SO4 affects the rate of phosphate solubilization (Nautiyal, 1999). In the present study, when NBRIP 

used as a growth medium (0.1 g) (NH4)2SO4 used but when experiment was designed to evaluate the effect of N- sources on P- 

solubilization 0.5 g of (NH4)2SO4 additionally mixed to the medium as nitrogen source. AKR-18 showed maximum activity in the 

presence of (NH4)2SO4 (275.12 mg/L) followed by NaNO3 (188.24 mg/L), KNO3 (186.61 mg/L) and urea (56.10 mg/L). The 
selected strain showed minimum P- concentration in case of urea (Fig.7). 
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Fig.7 Effect of different N- sources on P-solubilization Fig.8 Effect of different P- sources on P-solubilization   
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4.7 Effect of selected actinomycetes on P-solubilization when different phosphate source used:  
 

Most of the literature reveals that in the natural soil comprise a significant amount of phosphatic compounds, ranging 

from 200 to 3000 mg/kg, averaged at 1200 mg/kg (Harrison, 1987). A wide variety of organic and inorganic phosphatic 

compounds are present in the soil (Sanyal et al., 1991). In spite of, only a small amount (i.e. < 1%) is immediately available to 

plants as free inorganic phosphate (Pi). The majority of inorganic compounds are commonly associated with calcium (Ca) in 

alkaline soils or with iron (Fe) and aluminum (Al) in acidic soil (Sanyal et.al., 1991). 

Some workers explain the mechanism for Pi acquisition is the result of excretion of proton and organic acids either from plant 

roots or rhizospheric microorganisms which results in acidification of rhizosphere. The importance of this mechanism was not 

properly clear yet plasma membrane H+ pumping ATPases were shown to be involved in plants adaptation to Pi starvation (Yet 

et. al., 2002). Acidification was also correlated with the up-regulation of novel membrane channels needed to transport anions 

such as citrate and malate from root cells into the rhizosphere (Diatoff et al., 2004). Excretion of organic acids results in the 

chelating of metal cations, that immobilizes Pi (e.g. Ca2+, Al3+, Fe2/3+), thus, increasing free Pi concentrations in soil up to 1000-

fold (Malboobi et al., 2012).  
Keeping these facts in mind, try to understand the effect of actinomycetes (AKR-18) on different P- sources i.e. P2O5, aluminum 

phosphate (AlPO4) and iron phosphate (Fe PO4) used as a sole P source in NBRIP medium replacing CaPO4 (5g). The results 

clearly depicted in (Fig.8), indicates broth media supplemented with P2O5 showed minimum concentration of P (40.24 mg/L) in 

control condition (i.e. absence of AKR-18) whereas medium inoculated with actinomycetes showed release of considerable 

quantity of P in medium i.e. 212.15 mg/L while in FePO4.2H2O containing media i.e. 195.31 mg/L and in case of Al (PO)4. H2O 

was 150.92 mg/L. On the basis of above results it was concluded that the amount of solubilized –P in AlPO4.2H2O was less in 

comparison to the values obtained in media with P2O5 and FePO4.2H2O. The obtained graphs clearly indicate that P- release and 

drop in pH by actinomycetes follow the order of medium as P2O5> Fe-P>Al-P respectively. Ben Farhat et al., (2015) described 

the relation between concentration of released P and acidification of medium (i.e. drop in pH). 

 

4.8 Effect of incubation period on P-solubilization in NBRIP medium: 

                   To know the effect of incubation period (Fig.9), concentration of soluble phosphate was measured at equal days of 

interval i.e. 4th, 6th, 8th, 10th and 12th day. The experiment was started from 4th day because actinomycetes are slow growing 

organisms. In comparison to 4, 6, 8, 10 and 12 days, on the 6th days of incubation showed drastic change in P-solubilization by 

selected strain (AKR-18) i.e. 291.52 mg/L while maximum pH drop was 3.0. The pH of the culture filtrate was compared with the 

P released by the isolates showed variations in concentration of soluble phosphate oscillating with pH (Illmer et al., 1992). These 

changes in P concentration may be due to the organic metabolites (Henri et al., 2008).   

Decreasing concentration of P in solution indicates that during incubation nutrition level also plays an important role. Thus it was 

concluded that, all the selected isolates showed their maximum P- solubilization on 6th day of incubation but after that there was 

decline in rate of P- solubilization. It may be due to the utilization of P by isolates, resulting in the fluctuating level of phosphate 

release. 

Although mechanism of P- solubilization is still not fully understood while solubilization kinetics of inorganic P-source is one of 
the important studies for P solubilization ability of an isolate. It is generally accepted that the microbes mediated acidification is 

one of the important mechanism of the overall P-solubilization process (Illmer & Schinner, 1995; Jog et al., 2014; Gaind, 2016).   
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Fig.9 Effect of incubation period on P-solubilization in NBRIP medium 

5. CONCLUSION 
The present study revealed that the phosphate solubilising strain Sreptomyces cinnamoneus (AKR-18) isolated from the 

different crop fields such as wheat, maize and paddy is indeed able to solubilize phosphorus from insoluble inorganic phosphorus. 

The optimum conditions like pH, temperature, different sources of C, N, P and incubation period for maximum P- solubilization 

were standerized for particular strain i.e. AKR-18 and it was found that it is able to solubilize bound P- from P2O5, Fe(PO4).2H2O 

and Al(PO)4.H2O. Hence, this study suggests that AKR-18 individually or in combination with any other fertilizers has great 

potential to lower the fixation of phosphorus and make it easily available to plants. After further study it will be confirmed that 

what is the proper mechanism and reason is behind the P-solubilization by this particular strain. The results of present 

investigation are expected to leads the development of novel multi-functional bio-phosphatic fertilizers. 

 

6. ACKNOWLEDGEMENTS 
Authors are grateful to Post Graduate Department of Biotechnology and University Department of Botany, T.M. 

Bhagalpur University, Bhagalpur for providing lab facilities and also grateful to Mr. Manish Kumar, University Department of 

Zoology, T.M. Bhagalpur University, Bhagalpur for his valuable encouragements, many useful discussions and critical comments 

on the manuscript.   

 

REFERENCES 

 
1. Azziz, G., N. Bajsa, T. Haghjou, C. Taulé, A. Valverde, J.M. Igual and A.Arias. (2012). Abundance, diversity and 

prospecting of culturable phosphate solubilizing bacteria on soils under crop pasture rotations in a no-tillage regime in 

Uruguay. Appl. Soil Ecol., 16: 320‒326. 

2. Chacko., Smitha., Vijisha, M.C. and Jayasudha, M. (2016). Plant growth-promotion potential of phosphate 

solubilizing actinomycetes from wayanad soils. Int. J. appli & pure Scin & Agriculture. 02(2):15-19. 

3. Charana, B.W. and Min-Ho, Yoon. (2012). Prospect of phosphate solubilizing microorganisms and phosphorus 

availability in agricultural soils: African Journal of Microbiology Research vol. 6(37): 6600-6605. 

4. Deepa, V., Prasanna, A., Murthy, B., Sridhar, P. R. (2010). Efficient Phosphate Solubilization by Fungal Strain 

Isolated from rice rhizosphere soils for the phosphoruus release. Research Journal of Agriculture and Biological 

Sciences. 6(4): 487-492. 

5. Diatloff , E.,  Roberts, M., Sanders, D.,  Roberts, S.K. (2004). Characterization of Anion Channels in the Plasma 
Membrane of Arabidopsis Epidermal Root Cells and the Identification of a Citrate-permeable Channel Induced by 

Phosphate Starvation. Plant Physio. 136: 4136–4149. 

6. Farhat, B., Boukhris, M.I., and Chouayekh, H. (2015). Mineral phosphate solubilization by Streptomyces sp. 

CTM396 involves the excretion of gluconic acid and is stimulated by humic acids. FEMS Microbiol. Lett., 362: 1‒8. 

7. Farhat, B., Farhat, M., Bejar, A.W. (2009). Characterization of the mineral phosphate solubilizing activity of Serratia 

marcescens CTM 50650 isolated from the phosphate mine of Gafsa. Arch Microbiol. 191: 815-824. 

8. Gaind, S., 2016. Phosphate dissolving fungi: Mechanism and application in alleviation of salt stress in wheat. Microbiol. 

Res., 193: 94-102. 

9. Ghorbani-Nasrabadi, R., Greiner, R., Alikhani, H. A. and Hamedi, J. (2012). Identification and determination of  

       extracellular phytate-degrading activity in actinomycetes. World Journal of Microbiology and Biotechnology. 28, 2601- 

       2608.  

10. Hamdali, H., Hafidi, M., Virolle, M.J. and Ouhdouch, Y. (2008). Growth promotion and protection against damping-
off of wheat by two rock phosphate solubilizing actinomycetes in a P-deficient soil under greenhouse conditions. Applied 

Soil Ecology. 40: 510-517. 

11. Hamdali, H., Moursalou, K.G., Tchangbedji, Y., Ouhdouch. and Hafidi, M. (2012). Isolation and characterization of 

rock phosphate solubilizing actinobacteria from a Togolese phosphate mine. Afr. J. Biotechnol., 11:312‒320. 

12. Harrison, A.F. (1987). Soil Organic Phosphorus: A Review of World Literature. CAB International: Wallingford, UK. 

In Soil Science. 16: 1–120. 

13. Henri, F., Laurette, N., Annette, D., John, Q., Wolfgang, M., Xavier, E., and Dieudonne, N., (2008). Solubilization 

of Inorganic phosphates and plant growth promotion by strains of Pseudomonas fluorescens isolated from acidic soils of 

Cameroon. Afri.J. of Microbio. Reser. 2:171-178. 

14. Illmer, P. and Schinner, F. (1995). Solubilization of inorganic calcium phosphates-solubilization mechanisms. Soil 

Biol. Biochem., 27: 257‒263. 

15. Illmer, P. and Schinner, F., (1992). Solubilization of inorganic phosphates by microorganisms isolated from forest 

soils. Soil. Biol. Biochem. 24: 389-395. 

http://www.jetir.org/


© 2018 JETIR January 2018, Volume 5, Issue 1                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1801238 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1275 
 

16. Jog, R., Kumar, N. and Rajkumar, G.S. (2012). Plant growth promoting potential and soil enzyme production of the 

most abundant Streptomyces spp. From wheat rhizosphere. Jour of Applied Microbiology. 113:1154-1164. 

17. Jog, R., Pandya, M.G., Kumar, N. and Rajkumar, S. (2014). Mechanism of phosphate solubilization and antifungal 

activity of Streptomyces spp. isolated from wheat roots and rhizosphere and their application in improving plant growth. 

Microbiology, 160: 778‒788. 

18. Khan, M.S. and Zaidi, A. (2007). Synergistic effect of the inoculation with plant growth promoting rhizobacteria and 

an arbuscular mycorrhizal fungus on the performance of wheat. Turk. J. Agric. 31: 355-362. 

19. Khan, M.S., Zaidi, A. and Wani, P.A. (2007). Role of phosphate solubilizing microorganisms in sustainable agriculture 
– A review. Agron. Sustain. Dev.27:29-43. 

20. Malboobi, A.M., Samaeian, A., Sabet, M.S. and Lohrasebi,T. (2012). Plant Phosphate Nutrition and Environmental 

Challenges. Plant Science, 3-34. 

21. Mohan, Jagan.,  Sirisha, B., Haritha, R., Raman, T. (2013). Selective screening, isolation and characterization of 

antimicrobial agents from marine Actinomycetes. Int. j pharm pharm Sci. 5(4):443-449.   

22. Nautiyal, C.S. (1999). An efficient microbiological growth medium for screening phosphate solubilization 

microorganisms. FEMS Microbiol. Lett. 170: 65-270. 

23. Nopparat, C., Jatupornpipat, M. and Rittiboon. (2007). Isolation of phosphate solubilizing fungi in soil from 

Kanchanaburi, Thailand. KMITL Sci. Tech. J. Vol. 7 No. S2 Nov.22. 

24. Ouahmane, L., Thioulouse, J., Hafidi, M., Prin, Y., Ducousso, M., Galiana, A., Plenchette, C., Kisa, M. and 

Duponnois, R. (2007). Soil functional diversity and P solubilization from rock phosphate after inoculation with native or 

mycorrhizal fungi. Forest Ecology and Management. 241: 200-208. 

25. Peix, A., Rivas-Boyero, A.A., Mateos, P.F., Rodriguez-Barrueco, C., Martinez-Molina, E. and Velazquez, E. 

(2001). Growth promotion of chickpea and barley by a phosphate solubilizing strain of Mesorhizobiummediterraneum 

under growth chamber conditions. Soil Biology and Biochemistry. 33: 103-110. 

26. Pradhan, N. and Shukla, L.B. (2005). Solubilization of inorganic phosphates by fungi isolated from agriculture soil. 

Afri. J. Biotechnol. 5: 850-854. 

27. Richardson, A.E. and Simpson, R.J. (2011). Soil microorganisms mediating phosphorus availability. Plant Physiol. 

156: 989-996. 

28. Rodriguez, H. and Fraga, R. (1999). Phosphate solubilizing bacteria and their role in plant growth promotion. 

Biotechnol. Adv. 17: 319-339.  

29. Sagar, P. (2004). Studies on diversity of VAM fungi associated with Litchi fruit tree in relation to the growth 

performance. Doctor of philosophy in Botany, TMBU, Bhagalpur.  

30. Sahu, M., Kumar, Thangaradjou, K.S. and Kannan, L. (2007). Phosphate solubilizing actinomycetes in the estuarine 

environment: An inventory. Journal of Environmental Biology. 28(4): 795-798.   

31. Salcedo, L.D.P., Prieto.C and Correa. M.F. (2014). Screening phosphate solubilizing actinobacteria isolated from the 

rhizosphere of wild plants from the Eastern Cordillera of the Colombian Andes. African Journal of Microbiology. 

8(8):734-742. 

32. Sanyal, S.K. and De Datta. S.K. (1991). Chemistry of phosphorus transformations in soil. Adv. Soil Sci. 16:1-120. 

33. Seshadri, S., Muthukumarasamy, R. and Lakshminarasimhan, C. (2000). Solubilization of inorganic phosphate by 

Azospirillium halopraeferans. Current Science. 79(5): 565-567. 

34. Sharma, S.B., R.Z. Sayyed, M.H. Trivedi and T.A. Gobi. ( 2013). Phosphate solubilizing microbes: sustainabl 

approach for managing phosphorus deficiency in agricultural soils. Springer Plus, 2: 587‒601. 

35. Singh, R. (2013). Studies on solubilization of phosphate by rhizosphere fungi in relation to growth performance of 

Litchi plant. Doctor of philosophy in Botany, TMBU, Bhagalpur. 

36. Souchie, E.L., Ascon, R., Barea, J.M., Saggin, O.J. and Di Silva, E.M.R. (2005). Phosphate solubilization in solid 

and liquid media by soil bacteria and fungi. Pesquisa Agropecuaria Brasileria. 40: 1149-1152. 

37. Sreevidya. M., Gopalkrishnan. S., Kudapa. H. and Varshney. R.K. (2016). Exploring plant growth-promotion 

Actinomycetes from vermicompost and rhizosphere soil for yield enhancement in chickpea. Braz. J. of microbial. 47: 

85-95. 

38. Wakelin. S., Warren.R.A., Harvey. P.R., Ryder. M.H (2004). Phosphate solubilization by Penicillium spp. closely 

associated with wheat roots. Bio. & fertility of soil. 40(1):30-43. 

 

http://www.jetir.org/

