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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

MOLECULAR AND BIOCHEMICAL CHARACTERIZATION OF 

PHOSPHATE-SOLUBILIZING PSEUDOMONAS SP. ISOLATED FROM OIL 

PALM SOIL 

By 

MOLOUD KOOSHAN 

June 2015 

Chairman: Associate Professor Halimi Mohd Saud, PhD 

Faculty: Agriculture 

 

Phosphorous (P) is one of the most essential macronutrients required for plant growth 

and development. The objectives of the present study were to select Pseudomonas from 

soils of oil palm capable of solubilizing phosphate under tropical environment by 

various biochemical and genotypical  method have been used. The study carried out to 

determine the population distribution of phosphate solubilizing Pseudomonas in oil 

palm soil by Standard Plate Count. The results showed that the distribution of 

phosphate solubilizing bacteria and phosphate solubilizing Pseudomonas population in 

UPM were higher than the rest. Twenty five isolates were able to grow and form 

clearing zone in NBRIP (National Botanical Research Institute’s Phosphate) medium, 

PVK (Pikovskayas) and other different carbon and nitrogen sources. The best isolates 

were 43Dengkil, 9Dengkil, 10Dengkil and 15Dengkil which solubilized phosphate on 

NBRIP better than other isolates. Meanwhile, the best isolate on PVK was 15Dengkil. 

The result of culturing the isolates in NBRIP indicated that among all carbon sources 

glucose was the best carbon sources for phosphate solubilization and KNO3 was less 

effective compared to (NH4)NO3 when it was used as a source of nitrogen. All the 

isolates were acid producers and among them, 633UPM and 144UPM, after 5 days of 

culture, 555UPM and 23Dengkil after 8 days of culture respectively, showed the lowest 

pH. The effective phosphate solubilizer isolates after 5 days were 48Semenyih and 

45Dengkil, 5Semenyih, and after 8 days were 45Dengkil, 5Semenyih, followed by 

48Semenyih respectively.  Initial confirmation of their genus level identity as 

Pseudomonas was arrived by amplification of 16S rDNA sequence. The result of a 

BLAST search of 16S rDNA sequences of Pseudomonas compared with the available 

16S rDNA sequences in the GenBnak database indicated that all of the Pseudomonas 

isolates belonged to gamma proteobacteria subdivision. Isolates 59Semenyih, 

62Dengkil, 555UPM, 43Dengkil, 69Semenyih and 103Semenyih had more than 80% 

similarity to Pseudomonas species. The diversity among isolates was determined by 

REP-PCR (Repetitive Extragentic Palindromic Elements). Based on REP-PCR pattern 

isolates were classified into seven groups (A, B, C, D, E, F, and G). The cluster showed 

that in group A, isolates 9Dengkil, 10Dengkil, 15Dengkil, 23Dengkil and 45Dengkil 

were totally similar to each other. Cluster B included 43Dengkil, 62Dengkil isolates. 

Clusters C and D included isolates 103UPM and 59Semenyih respectively. Four 

isolates fell into cluster E and these isolates were totally similar to each other. Cluster F 
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contained isolates 144UPM and 625UPM. Cluster G consisted of 4 isolates and also 

cluster H included 5 isolates. Also, this study concluded that the cluster analysis of 

Pseudomonas based on REP-PCR identified clusters A, B, C, D, E and F 

approximately with genetic distance=0.34. The results presented here clearly establish 

that REP sequences (elements) are present in genome of phosphate solubilizing 

Pseudomonas isolated from oil palm soils. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk ijazah Master Sains. 

 

PENGELASAN MOLEKUL DAN BIOKIMIA FOSFAT TERMELARUT 

PSEUDOMONAS SP. DIASINGKAN DARIPADA TANAH  

KELAPA SAWIT 

 

Oleh 

MOLOUD KOOSHAN 

Jun 2015 

Pengerusi: Associate Professor Halimi Mohd Saud, PhD 

Fakulti: Pertanian  
 

Fosforus (P) adalah salah satu makronutrien terpenting yang diperlukan untuk 

pertumbuhan dan tumbesaran tumbuhan. Tujuan kajian ini adalah untuk memilih 

Pseudomonas dari tanah kelapa sawit yang mampu melarutkan fosfat dalam 

persekitaran tropika dan menentukan ciri-ciri yang bermanfaat dan peranan ekologi 

mereka dalam meningkatkan produktiviti pertanian. Kajian ini dijalankan untuk 

menentukan taburan populasi bakteria Pseudomonas pelarut fosfat dalam tanah kelapa 

sawit menggunakan kaedah ‘Standard Plate Count.’ Hasil kajian menunjukkan bahawa 

taburan Pseudomonas pelarut fosfat di UPM adalah lebih tinggi daripada yang lain. 

Dua puluh lima pencilan bleh membiak dan membentuk zon ‘halo’ dalam media 

NBRIP ( National Botanical Research Institute in Phosphate), PVK ( Pikovskayas ) dan 

lain-lain sumber karbon dan nitrogen. Isolat terbaik adalah 43Dengkil, 9Dengkil, 

10Dengkil dan 15Dengkil yang melarut fosfat lebih baik daripada pencilan lain. 

Sementara itu, isolat terbaik PVK adalah 15Dengkil. Sumber karbon glukosa adalah 

sumber karbon terbaik untuk fosfat dan KNO3 kurang berkesan berbanding dengan 

(NH4) NO3 apabila ianya digunakan sebagai sumber nitrogen. Semua pencilan adalah 

pengeluar asid dan didapati bahawa 633UPM dan 144UPM selepas lima hari 

pengkulturan, dan 555UPM dan 23Dengkil selepas lapan hari pengkulturan 

mempunyai pH yang terendah. Pelarut fosfat yang paling berkesan selepas lima hari 

adalah 48Semenyih, 45Dengkil, dan 5Semenyih, manakala selepas lapan hari ianya 

adalah 45Dengkil, 5Semenyih diikuti oleh 48Semenyih.  Pengesahan awal identiti 

genus mereka sebagai Pseudomonas telah diperolehi dengan amplifikasi jujukan 16S 

rDNA. Hasil carian BLAST daripada urutan 16S rDNA Pseudomonas berbanding 

urutan 16S rDNA dalam pangkalan data GenBank menunjukkan bahawa semua 

Pseudomonas yang diasingkan adalah terdiri daripada  pecahan gamma proteobacteria . 

Pencilan 59Semenyih, 62Dengkil, 555UPM, 43Dengkil, 69Semenyih dan 

103Semenyih mempunyai lebih daripada 80 % persamaan dengan spesies 

Pseudomonas. Berdasarkan corak REP -PCR pencilan diletakkan dalam tujuh 

kumpulan (A, B , C , D , E, F dan G). Kelompok A menunjukkan bahawa pencilan 

9Dengkil, 10Dengkil, 15Dengkil, 23Dengkil dan 45Dengkil, adalah sama dengan satu 

sama lain. Kelompok B termasuk pencilan 43Dengkil, 62Dengkil. Kluster C dan D 

hanya ada satu pencilan, setiap satu ialah 103UPM dan 59Semenyih. Empat pencilan 

jatuh ke dalam kelompok E dan pencilan ini adalah sama antara satu sama lain. Kluster 
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F mengandungi pencilan 144UPM dan 625UPM. Kluster G terdiri daripada empat 

pencilan dan juga kelompok H terbentuk oleh lima pencilan. Selain itu, kajian ini 

membuat kesimpulan bahawa analisis kelompok Pseudomonas berdasarkan REP -PCR 

mengenalpasti kelompok A, B, C, D, E dan F yang mempunyai jarak genetik F = 0.34. 

Keputusan yang dibentangkan di sini jelas membuktikan bahawa jujukan REP (elemen) 

hadir dalam genom Pseudomonas pelarut fosfat yang diasingkan dari tanah kelapa 

sawit.  
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CHAPTER 1 

1 INTRODUCTION 

 

Soil is considered as a complex habitat with a large number of  different 

microorganisms including bacteria, fungi, protozoa and algae. The  rhizosphere is often 

separated  into the endorhizosphere, the rhizoplane, and the ecotorhizosphere (Lynch, 

1990). These separated parts consist of the root tissue, the top and related soil. Soil that 

is a distance from the rhizosphere is usually referred to as ‘bulk soil’. It has been 

demonstrated that the immediate area of the roots or rhizosphere contains a much 

higher concentration of bacteria compared to the bulk soil, and is able to support higher 

rates of microbial development and activities  than the bulk soil (Söderberg and Bååth, 

1998). Phosphorous is one of the most limiting nutrients for growth of crops in tropical 

and subtropical regions (Ae et al., 1990).  

 

The total phosphate (P) in the soil is estimated to be around 0.04 % to 0.1 % (Son et al., 

2006; Chen et al., 2008). Though abundant phosphate is found in soil, the 

concentration of orthophosphate is extremely low (Yi et al., 2008).  Lack of soluble 

phosphate could hinder plant growth  and the development of crops and this had led to 

the intensive use of synthetic fertilizers. However, the application of chemical 

phosphate fertilizers may supply orthophosphate for only a short period and 

consequently changes the soluble phosphate to insoluble form via precipitation or 

adsorption (Lin et al., 2006). Over-application of synthetic fertilizer for long periods 

leads to the accumulation of a large amount of fixed phosphate in arable soils and one 

of the long-term effects of over application of synthetic phosphate fertilizer is 

eutrophication (Son et al., 2006), an excess of nutrients in water. It has also led to 

adverse impact on the water reservoirs and environment as well as the disruption of the 

food chain of aquatic organisms.  

 

Besides that, the production of synthetic phosphate fertilizers involves huge costs. 

Thus, a substantial import bill for the purchase of synthetic phosphate fertilizers from  

other countries may cause economic constraints for a developing country like 

Malaysia. Depletion of the natural phosphate sources and lack of available phosphate in 

arable soil is of great concern as it will adversely affect  the development of sustainable 

agriculture systems. Therefore it is very crucial to find suitable alternatives for natural 

phosphate, synthetic phosphate and unavailable phosphate in soils. In this respect, the 

role of bacteria is of great significance in providing phosphate for plants by their 

metabolic activity. Bacteria are the most important and more dominant microorganisms 

which have better ability to solubilize mineral phosphate compared to fungi or 

actinomyces (Kucey, 1983; Yin, 1988). There are several advantages in using bacteria 

as these microorganisms are known to have the ability to solubilize phosphate in 
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different environments through adsorption, metabolism and/or transport. Organic acids 

are naturally and inexpensively produced by bacteria, their rapid production rates make 

it possible to process large volumes of different organic acids in a timely manner, and 

the high selectivity organisms are able to solubilize different kinds of phosphate in 

different specific environments (McGrath et al., 1998). Knowledge of mineral 

phosphate solubilization is vital for the production of biofertilizers or bioinoculants. 

Biofertilizers play an important role in solubilizing insoluble soil phosphate; increasing 

the amount of phosphate uptake by crops and eventually boosting the growth and yield 

of the crops (Malboobi et al., 2009; Vyas and Gulati, 2009).  

 

Generally, useful or pathogenic bacteria and fungi have a tendency to converge around 

plant roots  and this is what provides a significant impact on plant growth as well as 

development and enhanced productivity. In such a situation, the colonies of bacteria, 

and fungi interact with the roots resulting in positive, negative or neutral outcomes due 

to the symbiotic interaction and soil conditions (Smith and Read, 1997). As a result of 

bacterial inoculation, plants are able to receive a balanced nutrition that includes 

nitrogen and phosphorus via the roots, which is the main interactive conduit between 

plants and bacteria (Belimov et al., 1995). Pseudomonas sp is introduced in the soil of 

agricultural lands and it is the behavior of the bacteria that makes them suitable as 

PGPR (Saharan and Nehra, 2011).  

 

Observations showed that some Pseudomonas species enhance the  absorption of 

nutrients, such as N, P and K, besides their function as agents of biocontrol of 

phytopathogenic fungi and promoting plant growth by production of phytohormones in 

the rhizosphere (O'sullivan and O'Gara, 1992). To characterize phosphate solubilizing 

Pseudomonas isolates, various biochemical and genotypical methods have been 

developed and used so far. Several researchers have used polymerase chain reaction 

(PCR) technology to detect and study the variability of the Pseudomonas species 

(Yamamoto and Harayama, 1995). The 16S ribosomal RNA sequence (16S RNA) has 

been used for deducing phylogenic and evolutionary relationships among bacteria and 

other prokaryote species (Anzai et al., 2000). Another PCR-based technique, known as 

REP-PCR has also been used in the identification and classification of bacteria 

(Versalovic et al., 1991). It is a repeating sequence-based genomic fingerprinting that 

employs primers corresponding to the endogenous interspersed repetitive sequence of 

the bacteria. These scattered sequences are highly maintained features in the 

prokaryotic genomes. These elemental sequences have been widely considered in many 

prokaryotic microorganisms (Versalovic et al., 1991). This research focused on the 

phenotypic and genotypic characterization of phosphate solubilizing Pseudomonas 

from different oil palm soils by the application of biochemical and molecular 

techniques. The main objectives of this research were: 

i. To biochemically characterize the phosphate solubilizing Pseudomonads 

isolated from oil palm soils. 
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ii. To identify the phosphate solubilizing Pseudomonas sp. isolates from oil 

palm fields using 16srRNA. 

iii. To study the genetic variation of the phosphate solubilizing Pseudomonas 

sp. from oil palm soils by using REP-PCR. 

 

The results will give a better insight on the molecular diversity of Pseudomonas 

isolates from soils planted with oil palms.  



© C
OPYRIG

HT U
PM

78 

 

REFERENCES 

Abd-Alla, M. (1994). Phosphatases and the utilization of organic phosphorus by 

Rhizobium leguminosarum biovar viceae. Letters in Applied Microbiology 18 (5), 294-

296. 

Abd-Alla, M. (1994). Solubilization of rock phosphates by Rhizobium and 

Bradyrhizobium. Folia microbiologica 39 (1), 53-56. 

Abd-Alla, M. H. (1994). Use of organic phosphorus by Rhizobium leguminosarum 

biovar viceae phosphatases. Biology and Fertility of Soils 18 (3), 216-218. 

Ae, N., Arihara, J., Okada, K., Yoshihara, T., and Johansen, C. (1990). Phosphorus 

uptake by pigeon pea and its role in cropping systems of the Indian subcontinent. 

Science 248 (4954), 477-480. 

Ahmed, N., and Shahab, S. (2011). Phosphate Solubilization: Their Mechanism 

Genetics And Application. The Internet Journal of Microbiology 9 (1). 

Akkermans, A. D., Van Elsas, J. D., and De Bruijn, F. J. (1995). Molecular microbial 

ecology manual. Springer. 

Alikhani, H., Saleh-Rastin, N., and Antoun, H. (2007). Phosphate solubilization 

activity of rhizobia native to Iranian soils. First International Meeting on Microbial 

Phosphate Solubilization 35-41.  

Anzai, Y., Kim, H., Park, J.-Y., Wakabayashi, H., and Oyaizu, H. (2000). Phylogenetic 

affiliation of the pseudomonads based on 16S rRNA sequence. International journal of 

systematic and evolutionary microbiology 50 (4), 1563-1589. 

Asea, P., Kucey, R., and Stewart, J. (1988). Inorganic phosphate solubilization by two 

Penicillium species in solution culture and soil. Soil Biology and Biochemistry 20 (4), 

459-464. 

Babu-Khan, S., Yeo, T. C., Martin, W. L., Duron, M. R., Rogers, R. D., and Goldstein, 

A. H. (1995). Cloning of a mineral phosphate-solubilizing gene from Pseudomonas 

cepacia. Applied and environmental microbiology 61 (3), 972-978. 

Bahri, S., Wahyudi, A. T., and Mubarik, N. R. (2010). Genetic diversity of plant 

growth promoting rhizobacteria of Bacillus sp. based on 16S rRNA sequence and 

amplified rDNA restriction analysis. Microbiology Indonesia 3 (1). 

Bajpai, P., and Sundara, R. W. (1971). Phosphate solubilizing bacteria II. Extracellular 

production of organic acids by selected bacteria solubilizing insoluble phosphates. Soil 

Sci Plant Nutr 17, 44-45. 



© C
OPYRIG

HT U
PM

79 

 

Banik, S. (1983). Variation in potentiality of phosphate-solubilizing soil 

microorganisms with phosphate and energy source. Zentralblatt für Mikrobiologie 138 

(3), 209-216. 

Banik, S., and Dey, B. (1982). Available phosphate content of an alluvial soil as 

influenced by inoculation of some isolated phosphate-solubilizing micro-organisms. 

Plant and soil 69 (3), 353-364. 

Barea, J. (2000). Biological Resource Management Connecting Science and Policy. 

Springer, pp. 81-92. 

Barea, J., Toro, M., Orozco, M., Campos, E., and Azcón, R. (2002). The application of 

isotopic (32P and 15N) dilution techniques to evaluate the interactive effect of 

phosphate-solubilizing rhizobacteria, mycorrhizal fungi and Rhizobium to improve the 

agronomic efficiency of rock phosphate for legume crops. Nutrient Cycling in 

Agroecosystems 63 (1), 35-42. 

Beare, M., Coleman, D., Crossley Jr, D., Hendrix, P., and Odum, E. (1995). The 

significance and regulation of soil biodiversity. Springer, pp. 5-22. 

Beever, R. E., and Burns, D. (1980). Phosphorus uptake, storage and utilization by 

fungi. Academic Press. 

Begon, M., Harper, J., and Townsend, C. (1990). Black-well Scientific Publication 

USA, pp. 125-153. 

Belgrave, W. (1937). Manurial experiments on oil palms. The Malayan Agricultural 

Journal 25 (1), 286-296. 

Belimov, A., Kojemiakov, A., and Chuvarliyeva, C. n. (1995). Interaction between 

barley and mixed cultures of nitrogen fixing and phosphate-solubilizing bacteria. Plant 

and soil 173 (1), 29-37. 

Beynon, J., and Josey, D. (1980). Demonstration of heterogeneity in a natural 

population of Rhizobium phaseoli using variation in intrinsic antibiotic resistance. 

Journal of General Microbiology 118 (2), 437-442. 

Biswas, D., and Narayanasamy, G. (2006). Rock phosphate enriched compost: an 

approach to improve low-grade Indian rock phosphate. Bioresource Technology 97 

(18), 2243-2251. 

Blanc, D. S., Siegrist, H., Sahli, R., and Francioli, P. (1993). Ribotyping of 

Pseudomonas aeruginosa: Discriminatory power and usefulness as a tool for 

epidemiological studies. Journal of Clinical Microbiology 31 (1), 71-77. 

Bray, R. H., and Kurtz, L. (1945). Determination of total, organic, and available forms 

of phosphorus in soils. Soil science 59 (1), 39-46. 



© C
OPYRIG

HT U
PM

80 

 

Bremner, J. (1960). Determination of nitrogen in soil by the Kjeldahl method. The 

Journal of Agricultural Science 55 (01), 11-33. 

Brendel, V., Brocchieri, L., Sandler, S. J., Clark, A. J., and Karlin (1997). Evolutionary 

compassions of reca-like Protein across all major kingdom of living organisms. 

Molecular evalution 44, 528-541. 

Britten, R. J., and Kohne, D. (1968). Repeated Sequences in DNA. Science 161, 529-

540. 

Bujacz, B., Wieczorek, P., Krzysko-Lupicka, T., Golab, Z., Lejczak, B., and Kavfarski, 

P. (1995). Organophosphonate utilization by the wild-type strain of Penicillium 

notatum. Applied and environmental microbiology 61 (8), 2905-2910. 

Burns, D. M., and Beacham, I. R. (1986). Nucleotide sequence and transcriptional 

analysis of the E. coli ushA gene, encoding periplasmic UDP-sugar hydrolase (5'-

nucleotidase): regulation of the ushA gene, and the signal sequence of its encoded 

protein product. Nucleic acids research 14 (10), 4325-4342. 

Burns, R. (1983). Extracellular enzyme-substrate interactions in soil. Symposia of the 

Society for General Microbiology(Cambridge)[SYMP. SOC. GEN. 

MICROBIOL.(CAMB.).]. 1983.,  

Case, R. J., Boucher, Y., Dahllöf, I., Holmström, C., Doolittle, W. F., and Kjelleberg, 

S. (2007). Use of 16S rRNA and rpoB genes as molecular markers for microbial 

ecology studies. Applied and environmental microbiology 73 (1), 278-288. 

Chalot, M., Javelle, A., Blaudez, D., Lambilliote, R., Cooke, R., Sentenac, H., Wipf, 

D., and Botton, B. (2002). Diversity and Integration in Mycorrhizas. Springer, pp. 165-

175. 

Chang, C.-H., and Yang, S.-S. (2009). Thermo-tolerant phosphate-solubilizing 

microbes for multi-functional biofertilizer preparation. Bioresource Technology 100 

(4), 1648-1658. 

Charan, A. R., Reddy, V., Reddy, P., and Reddy, S. (2011). Assessment of genetic 

diversity in Pseudomonas fluorescens using PCR-based methods. Biorem Biodiv 

Bioavail 5, 10-16. 

Chen, K., Neimark, H., Rumore, P., and Steinman, C. R. (1989). Broad range DNA 

probes for detecting and amplifying eubacterial nucleic acids. FEMS microbiology 

letters 57 (1), 19-24. 

Chen, Y., Rekha, P., Arun, A., Shen, F., Lai, W.-A., and Young, C. (2006). Phosphate 

solubilizing bacteria from subtropical soil and their tricalcium phosphate solubilizing 

abilities. Applied Soil Ecology 34 (1), 33-41. 



© C
OPYRIG

HT U
PM

81 

 

Chen, Z., Ma, S., and Liu, L. L. (2008). Studies on phosphorus solubilizing activity of a 

strain of phosphobacteria isolated from chestnut type soil in China. Bioresource 

Technology 99 (14), 6702-6707. 

Chung, H., Park, M., Madhaiyan, M., Seshadri, S., Song, J., Cho, H., and Sa, T. (2005). 

Isolation and characterization of phosphate solubilizing bacteria from the rhizosphere 

of crop plants of Korea. Soil Biology and Biochemistry 37 (10), 1970-1974. 

Corley, R., Hardon, J., and Wood, B. (1976). Developments in crop science 1. Oil palm 

research. Developments in crop science 1. Oil palm research. 

Corley, R. H. V., and Tinker, P. (2008). The oil palm. John Wiley & Sons. 

Correia, F. F., Inouye, S., and Inouye, M. (1986). A 26-base-pair repetitive sequence 

specific for Neisseria gonorrhoeae and Neisseria meningitidis genomic DNA. Journal 

of bacteriology 167 (3), 1009-1015. 

Cosgrove, D., Irving, G., and Bromfield, S. (1970). Inositol phosphate phosphatases of 

microbiological origin. The isolation of soil bacteria having inositol phosphate 

phosphatase activity. Australian Journal of Biological Sciences 23 (2), 339-344. 

Cruz‐Sánchez, J. M., Velázquez, E., Mateos, P. F., Velázquez, E., and Martínez‐
Molina, E. (1997). Enhancement of resolution of low molecular weight RNA profiles 

by staircase electrophoresis. Electrophoresis 18 (11), 1909-1911. 

Das, K., Katiyar, V., and Goel, R. (2003). ‘P’solubilization potential of plant growth 

promoting Pseudomonas mutants at low temperature. Microbiological research 158 

(4), 359-362. 

De Bruijn, F. J. (1992). Use of repetitive (repetitive extragenic palindromic and 

enterobacterial repetitive intergeneric consensus) sequences and the polymerase chain 

reaction to fingerprint the genomes of Rhizobium meliloti isolates and other soil 

bacteria. Applied and environmental microbiology 58 (7), 2180-2187. 

Del Campillo, M., Van Der Zee, S., and Torrent, J. (1999). Modelling long-term 

phosphorus leaching and changes in phosphorus fertility in excessively fertilized acid 

sandy soils. European Journal of Soil Science 50 (3), 391-399. 

Delvasto, P., Valverde, A., Ballester, A., Igual, J., Muñoz, J., González, F., Blázquez, 

M., and García, C. (2006). Characterization of brushite as a re-crystallization product 

formed during bacterial solubilization of hydroxyapatite in batch cultures. Soil Biology 

and Biochemistry 38 (9), 2645-2654. 

Deubel, A., and Merbach, W. (2005). Microorganisms in soils: Roles in genesis and 

functions. Springer, pp. 177-191. 



© C
OPYRIG

HT U
PM

82 

 

Di Simine, C., Sayer, J., and Gadd, G. (1998). Solubilization of zinc phosphate by a 

strain of Pseudomonas fluorescens isolated from a forest soil. Biology and Fertility of 

Soils 28 (1), 87-94. 

Duff, R., and Webley, D. (1959). 2-Ketogluconic acid as a natural chelator produced by 

soil bacteria. Chemistry and industry, 1376-1377. 

Duineveld, B. M., Rosado, A. S., van Elsas, J. D., and van Veen, J. A. (1998). Analysis 

of the dynamics of bacterial communities in the rhizosphere of the chrysanthemum via 

denaturing gradient gel electrophoresis and substrate utilization patterns. Applied and 

environmental microbiology 64 (12), 4950-4957. 

Duponnois, R., and Garbaye, J. (1991). Mycorrhization helper bacteria associated with 

the Douglas fir-Laccaria laccata symbiosis: effects in aseptic and in glasshouse 

conditions. Annales des sciences forestières 239-251.  

Eisenach, K. D., Cave, M. D., Bates, J. H., and Crawford, J. T. (1990). Polymerase 

chain reaction amplification of a repetitive DNA sequence specific for Mycobacterium 

tuberculosis. Journal of Infectious Diseases 161 (5), 977-981. 

Elliott, R. (1958). Some properties of pyoverdine, the water-soluble fluorescent 

pigment of the pseudomonads. Applied microbiology 6 (4), 241. 

Fankem, H., Nwaga, D., Deubel, A., Dieng, L., Merbach, W., and Etoa, F. X. (2006). 

Occurrence and functioning of phosphate solubilizing microorganisms from oil palm 

tree (Elaeis guineensis) rhizosphere in Cameroon. African Journal of Biotechnology 5 

(24). 

Farooq, F. (2007). The genetic diversity of Bradyrhizobium japonicum in soils of the 

soybean growing regions of western Canada and the northern United States. 

Fernández, L. A., Zalba, P., Gómez, M. A., and Sagardoy, M. A. (2007). Phosphate-

solubilization activity of bacterial strains in soil and their effect on soybean growth 

under greenhouse conditions. Biology and Fertility of Soils 43 (6), 805-809. 

Ferris, M., Muyzer, G., and Ward, D. (1996). Denaturing gradient gel electrophoresis 

profiles of 16S rRNA-defined populations inhabiting a hot spring microbial mat 

community. Applied and environmental microbiology 62 (2), 340-346. 

Fett, W. F., Osman, S. F., and Dunn, M. F. (1989). Characterization of 

exopolysaccharides produced by plant-associated Fluorescent Pseudomonads. Applied 

and environmental microbiology 55 (3), 579-583. 

Fischer, S. G., and Lerman, L. S. (1979). Length-independent separation of DNA 

restriction fragments in two-dimensional gel electrophoresis. Cell 16 (1), 191-200. 

Fiske, C. H., and Subbarow, Y. (1925). The colorimetric determination of phosphorus. 

J. biol. Chem 66 (2), 375-400. 



© C
OPYRIG

HT U
PM

83 

 

Flores, M., González, V., Brom, S., Martinez, E., Piñero, D., Romero, D., Dávila, G., 

and Palacios, R. (1987). Reiterated DNA sequences in Rhizobium and Agrobacterium 

spp. Journal of bacteriology 169 (12), 5782-5788. 

Foster, H. (1986). Fertiliser recommendations for oil palm in Peninsular Malyaysia. 

Foster, H. (2003). Assessment of oil palm fertilizer requirements. Oil palm: 

Management for Large and Sustainable Yields (Fairhurst & Härdter, eds.), 

PPI/PPICIPI, Singapore, 231-257. 

Foster, R. (1988). Microenvironments of soil microorganisms. Biology and Fertility of 

Soils 6 (3), 189-203. 

Fox, G. E., Wisotzkey, J. D., and Jurtshuk, P. (1992). How close is close: 16S rRNA 

sequence identity may not be sufficient to guarantee species identity. International 

journal of systematic bacteriology 42 (1), 166-170. 

Fox, T., and Comerford, N. (1992). Rhizosphere phosphatase activity and phosphatase 

hydrolyzable organic phosphorus in two forested spodosols. Soil Biology and 

Biochemistry 24 (6), 579-583. 

Frye, S. R., and Healy, M. (2006). Molecular strain typing using repetitive sequence 

based PCR. In Advanced Techniques in Diagnostic Microbiology. New York, NY, 

USA, pp. 444-471. 

Fujitani, S., Komano, T., and Inouye, S. (1991). A unique repetitive DNA sequence in 

the Myxococcus xanthus genome. Journal of bacteriology 173 (6), 2125-2127. 

Gaind, S., and Gaur, A. (1989). Effect of pH on phosphate solubilization by microbes. 

Current science 58 (21), 1208-1211. 

Garcia, C., Hernandez, T., Costa, F., Ceccanti, B., and Masciandaro, G. (1993). 

Kinetics of phosphatase activity in organic wastes. Soil Biology and Biochemistry 25 

(5), 561-565. 

Gaudin, V., Vrain, T., and Jouanin, L. (1994). Bacterial genes modifying hormonal 

balances in plants. Plant Physiology and Biochemistry 32 (1), 11-29. 

Gilson, E., Bachellier, S., Perrin, S., Perrin, D., Grimont, P., Grimont, F., and Hofnung, 

M. (1984). Palindromic unit highly repetitive DNA sequences exhibit species 

specificity within Enterobacteriacea. Research in microbiology 141, 1103-1116. 

Gilson, E., Perrin, D., Clement, J.-M., Szmelcman, S., Dassa, E., and Hofnung, M. 

(1986). Palindromic units from E. coli as binding sites for a chromoid-associated 

protein. FEBS letters 206 (2), 323-328. 

Gilson, E., Perrin, D., and Hofnung, M. (1990). DNA polymerase I and a protein 

complex bind specifically to E. coli palindromic unit highly repetitive DNA: 



© C
OPYRIG

HT U
PM

84 

 

implications for bacterial chromosome organization. Nucleic acids research 18 (13), 

3941-3952. 

Glare, E., Paton, J., Premier, R., Lawrence, A., and Nisbet, I. (1990). Analysis of a 

repetitive DNA sequence from Bordetella pertussis and its application to the diagnosis 

of pertussis using the polymerase chain reaction. Journal of Clinical Microbiology 28 

(9), 1982-1987. 

Goh, K., and Chew, P. (1995). Direct application of phosphate rocks to plantation tree 

crops in Malaysia. Direct Application of Phosphate Rock and Appropriate Technology 

Fertilizers in Asia-What Hinders Acceptance and Growth. Institute of Fundamental 

Studies & IFDC, Kandy, 59-76. 

Goh, K. J., Chew, P. S., and Teo, C. B. (1994). Maximum and maintaining oil palm 

yield on commercial scale in Malaysia. . In: Chee K.H. (ed). Proc. 1994 Int. Planters 

Conf. on Management for Enhanced Profitability in Plantation. ISP, Kuala Lumpur. .  

Goldstein, A., and Krishnaraj, P. (2007). Phosphate solubilizing microorganisms vs. 

phosphate mobilizing microorganisms: What separates a phenotype from a trait? First 

International Meeting on Microbial Phosphate Solubilization 203-213.  

Goldstein, A. H. (1994). Involvement of the quinoprotein glucose dehydrogenase in the 

solubilization of exogenous phosphates by Gram-negative bacteria. Phosphate in 

Microorganisms: Cellular and Molecular Biology, ASM Press, Washington, DC, 197-

203. 

Goldstein, A. H. (1995). Recent progress in understanding the molecular genetics and 

biochemistry of calcium phosphate solubilization by gram negative bacteria. Biological 

Agriculture & Horticulture 12 (2), 185-193. 

Goldstein, A. H., Braverman, K., and Osorio, N. (1999). Evidence for mutualism 

between a plant growing in a phosphate-limited desert environment and a mineral 

phosphate solubilizing (MPS) rhizobacterium. FEMS Microbiology Ecology 30 (4), 

295-300. 

González, A. J., Landeras, E., and Mendoza, M. C. (2000). Pathovars of Pseudomonas 

syringae Causing Bacterial Brown Spot and Halo Blight in Phaseolus vulgaris L. Are 

Distinguishable by Ribotyping. Applied and environmental microbiology 66 (2), 850-

854. 

Gould, W., Hagedorn, C., Bardinelli, T., and Zablotowicz, R. (1985). New selective 

media for enumeration and recovery of Fluorescent Pseudomonads from various 

habitats. Applied and environmental microbiology 49 (1), 28-32. 

Greaves, M., and Webley, D. (1965). A Study of the Breakdown of Organic Phosphates 

by Micro-organisms from the Root Region of Certain Pasture Grasses. Journal of 

Applied Microbiology 28 (3), 454-465. 



© C
OPYRIG

HT U
PM

85 

 

Grimont, P. A., Vancanneyt, M., Lefèvre, M., Vandemeulebroecke, K., Vauterin, L., 

Brosch, R., Kersters, K., and Grimont, F. (1996). Ability of Biolog and Biotype-100 

systems to reveal the taxonomic diversity of the Pseudomonads. Systematic and 

applied microbiology 19 (4), 510-527. 

Gügi, B., Orange, N., Hellio, F., Burini, J., Guillou, C., Leriche, F., and Guespin-

Michel, J. (1991). Effect of growth temperature on several exported enzyme activities 

in the psychrotrophic bacterium Pseudomonas fluorescens. Journal of bacteriology 173 

(12), 3814-3820. 

Guiñazú, L. B., Andrés, J. A., Del Papa, M. F., Pistorio, M., and Rosas, S. B. (2010). 

Response of alfalfa (Medicago sativa L.) to single and mixed inoculation with 

phosphate-solubilizing bacteria and Sinorhizobium meliloti. Biology and Fertility of 

Soils 46 (2), 185-190. 

Gulati, A., Rahi, P., and Vyas, P. (2008). Characterization of phosphate-solubilizing 

fluorescent Pseudomonads from the rhizosphere of seabuckthorn growing in the cold 

deserts of Himalayas. Current microbiology 56 (1), 73-79. 

Gulati, A., Sharma, N., Vyas, P., Sood, S., Rahi, P., Pathania, V., and Prasad, R. 

(2010). Organic acid production and plant growth promotion as a function of phosphate 

solubilization by Acinetobacter rhizosphaerae strain BIHB 723 isolated from the cold 

deserts of the trans-Himalayas. Archives of microbiology 192 (11), 975-983. 

Gupta, R., Singal, R., Shakar, A., Kuhad, R. C., and Sxena, R. K. (1994). A modified 

plate assay for screening phosphate solubilizing microorganisms. Journal of General 

and Applied Microbiology 40 (3), 255-260. 

Gyaneshwar, P., Kumar, G. N., Parekh, L., and Poole, P. (2002). Food Security in 

Nutrient-Stressed Environments: Exploiting Plants’ Genetic Capabilities. Springer, pp. 

133-143. 

Haas, R., and Meyer, T. F. (1986). The repertoire of silent pilus genes in Neisseria 

gonorrhoeae: evidence for gene conversion. Cell 44 (1), 107-115. 

Halder, A., and Chakrabartty, P. (1993). Solubilization of inorganic phosphate 

byRhizobium. Folia microbiologica 38 (4), 325-330. 

Halder, A., Mishra, A., Bhattacharyya, P., and Chakrabartty, P. (1990). Solubilization 

of rock phosphate by Rhizobium and Bradyrhizobium. Journal of General and Applied 

Microbiology 36 (2), 81-92. 

Halder, A., Mishra, A., and Chakarbarthy, P. (1991). Solubilization of inorganic 

phosphate by Bradyrhizobium. Ind. J. Exp. Biol 29, 28-31. 

Hamdali, H., Bouizgarne, B., Hafidi, M., Lebrihi, A., Virolle, M. J., and Ouhdouch, Y. 

(2008). Screening for rock phosphate solubilizing Actinomycetes from Moroccan 

phosphate mines. Applied Soil Ecology 38 (1), 12-19. 



© C
OPYRIG

HT U
PM

86 

 

Hammond, L., Chien, S., Roy, A., and Mokwunye, A. (1989). Solubility and 

agronomic effectiveness of partially acidulated phosphate rocks as influenced by their 

iron and aluminium oxide content. Fertilizer Research 19 (2), 93-98. 

Hao, X., Cho, C., Racz, G., and Chang, C. (2002). Chemical retardation of phosphate 

diffusion in an acid soil as affected by liming. Nutrient Cycling in Agroecosystems 64 

(3), 213-224. 

Hariprasad, P., and Niranjana, S. (2009). Isolation and characterization of phosphate 

solubilizing rhizobacteria to improve plant health of tomato. Plant and soil 316 (1), 13-

24. 

Hartley, C. (1977). Oil Palm (Elaeis Guineensis Jacq.). London: Longman. 

Hauben, L., Vauterin, L., Swings, J., and Moore, E. (1997). Comparison of 16S 

ribosomal DNA sequences of all Xanthomonas species. International journal of 

systematic bacteriology 47 (2), 328-335. 

Hew, C., and Ng, S. (1968). A general schedule for manuring oil palms in West 

Malaysia. The Planter 44 (509), 417-429. 

Higgins, C. F., Ames, G. F.-L., Barnes, W. M., Clement, J. M., and Hofnung, M. 

(1982). A novel intercistronic regulatory element of prokaryotic operons. 

Hinsinger, P. (2001). Bioavailability of soil inorganic P in the rhizosphere as affected 

by root-induced chemical changes: a review. Plant and soil 237 (2), 173-195. 

Hoberg, E., Marschner, P., and Lieberei, R. (2005). Organic acid exudation and pH 

changes by Gordonia sp. and Pseudomonas fluorescens grown with P adsorbed to 

goethite. Microbiological research 160 (2), 177-187. 

Holt, J. G., Krieg, N., Sneath, P., Staley, J., and Williams, S. (1994). Bergey's manual 

of determinative bacteriology. Baltimore, MD 152. 

Hopkins, C. G., and Whiting, A. L. (1916). Soil bacteria and phosphates. University of 

Illinois Agricultural Experiment Station. 

Hulton, C., Higgins, C., and Sharp, P. (1991). ERIC sequences: a novel family of 

repetitive elements in the genomes of Escherichia coli, Salmonella typhimurium and 

other enterobacteria. Molecular microbiology 5 (4), 825-834. 

Hurst, C. (2000). An introduction to viral taxonomy and the proposal of Akamara, a 

potential domain for the genomic acellular agents. by C. Hurst, 41-62. 

Illmer, P., Barbato, A., and Schinner, F. (1995). Solubilization of hardly-soluble AlPO4 

with P-solubilizing microorganisms. Soil Biology and Biochemistry 27 (3), 265-270. 



© C
OPYRIG

HT U
PM

87 

 

Illmer, P., and Schinner, F. (1992). Solubilization of inorganic phosphates by 

microorganisms isolated from forest soils. Soil Biology and Biochemistry 24 (4), 389-

395. 

Jelinek, W. R., Toomey, T. P., Leinwand, L., Duncan, C. H., Biro, P. A., Choudary, P. 

V., Weissman, S. M., Rubin, C. M., Houck, C. M., and Deininger, P. L. (1980). 

Ubiquitous, interspersed repeated sequences in mammalian genomes. Proceedings of 

the National Academy of Sciences 77 (3), 1398-1402. 

Jha, B. K., Pragash, M. G., Cletus, J., Raman, G., and Sakthivel, N. (2009). 

Simultaneous phosphate solubilization potential and antifungal activity of new 

fluorescent pseudomonad strains, Pseudomonas aeruginosa, P. plecoglossicida and P. 

mosselii. World Journal of Microbiology and Biotechnology 25 (4), 573-581. 

Johnston, H., and Bureau, S. (1952). The solubilization of phosphate: The action of 

various organic compounds on dicalcium and tricalcium phosphates. Soil Bureau, 

Department of Scientific and Industrial Research. 

Kamaruddin, H., Abdul Halim, H., Riazuan, R., and Mohd Zain, J. (1991). 

Improvement of Oil Palm Fronds CTM-Plup Brightness-A Preliminary Study, in 

Proceeding of Seminar on Oil Palm Trunk and Palmwood Utilization (Oil Palm Tree 

Utilization Commitee of Malaysia). Kuala Lumpur, Malaysia. 

Kämpfer, P. (2007). Taxonomy of phosphate solublizing bacteria. First International 

Meeting on Microbial Phosphate Solubilization 101-106.  

Kapulnik, Y., Gafny, R., and Okon, Y. (1985). Effect of Azospirillum spp. inoculation 

on root development and uptake in wheat (Triticum aestivum cv. Miriam) in 

hydroponic systems. Canadian Journal of Botany 63 (3), 627-631. 

Katznelson, H., Lochhead, A., and Timonin, M. (1948). Soil microorganisms and the 

rhizosphere. The Botanical Review 14 (9), 543-586. 

Katznelson, H., Peterson, E., and Rouatt, J. (1962). Phosphate-dissolving 

microorganisms on seed and in the root zone of plants. Canadian Journal of Botany 40 

(9), 1181-1186. 

Kee, K., Goh, K., Chew, P., and Tey, S. (1994). An integrated site specific fertilliser 

recommendations system (Infers) for high productivity in mature oil palms. ISP 

Planters’ Conference on Managing Oil Palms for Enhanced Profitability (Chee, KH, 

ed.), Inc. Soc. Planters, Kuala Lumpur 83-100.  

Keel, C., Weller, D., Natsch, A., Défago, G., Cook, R., and Thomashow, L. (1996). 

Conservation of the 2, 4-diacetylphloroglucinol biosynthesis locus among fluorescent  

Pseudomonas strains from diverse geographic locations. Applied and environmental 

microbiology 62 (2), 552-563. 



© C
OPYRIG

HT U
PM

88 

 

Khan, M., Khan, S., Mohiddin, F., and Askary, T. (2007). Effect of certain phosphate-

solubilizing bacteria on root-knot nematode disease of mungbean. First International 

Meeting on Microbial Phosphate Solubilization 341-346.  

Kim, K.-Y., Kim, Y.-W., Kim, H.-J., Park, K.-H., Kim, Y.-C., and Seong, K.-Y. 

(2002). Organic acid production and phosphate solubilization by Enterobacter 

intermedium 60-2G. Journal of Soil Fertilizer Korea 35 (1), 59-67. 

Kim, K., Jordan, D., and McDonald, G. (1997). Effect of phosphate-solubilizing 

bacteria and vesicular-arbuscular mycorrhizae on tomato growth and soil microbial 

activity. Biology and Fertility of Soils 26 (2), 79-87. 

Kim, K., McDonald, G., and Jordan, D. (1997). Solubilization of hydroxyapatite by 

Enterobacter agglomerans and cloned Escherichia coli in culture medium. Biology and 

Fertility of Soils 24 (4), 347-352. 

Kim, K. Y., Jordan, D., and Krishnan, H. B. (1998). Expression of genes from Rahnella 

aquatilis that are necessary for mineral phosphate solubilization in Escherichia coli1. 

FEMS microbiology letters 159 (1), 121-127. 

Kirchner, M., and Wollum, A. (1993). II, King, LD,  Soil microbial populations and 

activities in reduced chemical input agroecosystems. Soil Sci. Soc. Am. J 57, 1289-

1295. 

Kloepper, J., Schroth, M., and Miller, T. (1980). Effects of rhizosphere colonization by 

plant growth-promoting rhizobacteria on potato plant development and yield. 

Phytopathology 70 (11), 1078-1082. 

Kouas, S., Labidi, N., Debez, A., and Abdelly, C. (2005). Effect of P on nodule 

formation and N fixation in bean. Agronomy for sustainable development 25 (3), 389-

393. 

Kpomblekou-a, K., and Tabatabai, M. (1994). Effect of organic acids on release of 

phosphorus from phosphate rocks1. Soil science 158 (6), 442&hyhen. 

Kreuze, J. F., Suomalainen, S., Paulin, L., and Valkonen, J. P. (1999). Phylogenetic 

analysis of 16S rRNA genes and PCR analysis of the nec1 gene from Streptomyces spp. 

Causing common scab, pitted scab, and netted scab in Finland. Phytopathology 89 (6), 

462-469. 

Kucey, R. (1983). Phosphate-solubilizing bacteria and fungi in various cultivated and 

virgin Alberta soils. Canadian Journal of Soil Science 63 (4), 671-678. 

Kucey, R., Janzen, H., and Leggett, M. (1989). Microbially mediated increases in 

plant-available phosphorus. Adv Agron 42, 199-228. 

Kucharski, J., Ciecko, Z., Niewolak, T., and Niklewska-Larska, T. (1996). Activity of 

microorganisms in soils of Different agricultural usefulness complexes fertilized with 



© C
OPYRIG

HT U
PM

89 

 

mineral nitrogen. Acta-Academiae Agriculturae Ac Technicae Olstenensis-All Series-, 

25-36. 

Kumar, V., and Narula, N. (1999). Solubilization of inorganic phosphates and growth 

emergence of wheat as affected by Azotobacter chroococcum mutants. Biology and 

Fertility of Soils 28 (3), 301-305. 

Latiff, A. (2000). biology of the genus Elaeis.In Advances in Oil Research. (Eds          

Yusof Basiron , Jalani, B.S. and Chan, K.W).MPOB 1, 19-38. 

Lau, C., Rahman, Z. A., and Ahmad, A. R. (1992). Phosphate: its chemistry and 

availability in Malaysian soils. Workshop on Phosphate Sources for Acid Soils in the 

Humid Tropics of Asia, Kuala Lumpur (Malaysia), 6-7 Nov 1990.  

Lemanceau, P., and Alabouvette, C. (1993). Suppression of Fusarium wilts by 

fluorescent pseudomonads: mechanisms and applications. Biocontrol Science and 

Technology 3 (3), 219-234. 

Lennon, E., Gutman, P., Yao, H., and Minton, K. W. (1991). A Highly Conserved 

Repeated Chromosomal Sequence in the Radioresistant Bacterium Deinococcus 

radiodurans SARK. Journal of bacteriology 173 (6), 2137-2140. 

Leyval, C., and Berthelin, J. (1989). Interactions between Laccaria laccata, 

Agrobacterium radiobacter and beech roots: Influence on P, K, Mg, and Fe 

mobilization from minerals and plant growth. Plant and soil 117 (1), 103-110. 

Liao, D., and Dennis, P. P. (1994). Molecular phylogenies based on ribosomal protein 

L11, L1, L10, and L12 sequences. Journal of molecular evolution 38 (4), 405-419. 

Lim, K., Alauddin, Z. A. Z., Quadir, G. A., and Abdullah, M. Z. (2000). Energy 

Productivity of some Plantation Crops in Malaysia and the status of Bioenergy 

Utilisation. 

Lin, R.-J., Capage, M., and Hill, C. (1984). A repetitive DNA sequence, rhs , 

responsible for duplications within the Escherichia coli K-12 chromosome. Journal of 

molecular biology 177 (1), 1-18. 

Lin, T.-F., Huang, H.-I., Shen, F.-T., and Young, C.-C. (2006). The protons of gluconic 

acid are the major factor responsible for the dissolution of tricalcium phosphate by 

Burkholderia cepacia CC-Al74. Bioresource Technology 97 (7), 957-960. 

Lindsay, W., and Norvell, W. A. (1978). Development of a DTPA soil test for zinc, 

iron, manganese, and copper. Soil Science Society of America Journal 42 (3), 421-428. 

Liu, S.-t., Lee, L., Tai, C.-y., Hung, C., Chang, Y., Wolfram, J. H., Rogers, R., and 

Goldstein, A. H. (1992). Cloning of an Erwinia herbicola gene necessary for gluconic 

acid production and enhanced mineral phosphate solubilization in Escherichia coli 



© C
OPYRIG

HT U
PM

90 

 

HB101: nucleotide sequence and probable involvement in biosynthesis of the 

coenzyme pyrroloquinoline quinone. Journal of bacteriology 174 (18), 5814-5819. 

Louw, H., and Webley, D. (1959). A study of soil bacteria dissolving certain mineral 

phosphate fertilizers and related compounds. Journal of Applied Microbiology 22 (2), 

227-233. 

Louws, F., Schneider, M., and De Bruijn, F. (1996). Assessing genetic diversity of 

microbes using repetitive sequence-based PCR (rep-PCR). Nucleic Acid Amplification 

Methods for the Analysis of Environmental Samples (Toranzos, G., Ed.), 63-94. 

Louws, F. J., Fulbright, D. W., Stephens, C. T., and De Bruijn, F. (1994). Specific 

genomic fingerprints of phytopathogenic Xanthomonas and Pseudomonas pathovars 

and strains generated with repetitive sequences and PCR. Applied and environmental 

microbiology 60 (7), 2286-2295. 

Ludwig, W., Amann, R., Martinez-Romero, E., Schönhuber, W., Bauer, S., Neef, A., 

and Schleifer, K.-H. (1998). Molecular microbial ecology of the soil. Springer, pp. 1-

19. 

Lupski, J. R., and Weinstock, G. M. (1992). Short, interspersed repetitive DNA 

sequences in prokaryotic genomes. Journal of bacteriology 174 (14), 4525. 

Lynch, J. (1990). Microbial metabolites. pp. 177-206. 

Macrae, A. (2000). The use of 16S rDNA methods in soil microbial ecology. Brazilian 

Journal of Microbiology 31 (2), 77-82. 

Macrae, A., Rimmer, D. L., and O'Donnell, A. G. (2000). Novel bacterial diversity 

recovered from the rhizosphere of oilseed rape (Brassica napus) determined by the 

analysis of 16S ribosomal DNA. Antonie Van Leeuwenhoek 78 (1), 13-21. 

Malboobi, M. A., Owlia, P., Behbahani, M., Sarokhani, E., Moradi, S., Yakhchali, B., 

Deljou, A., and Heravi, K. M. (2009). Solubilization of organic and inorganic 

phosphates by three highly efficient soil bacterial isolates. World Journal of 

Microbiology and Biotechnology 25 (8), 1471-1477. 

Marilley, L., and Aragno, M. (1999). Phylogenetic diversity of bacterial communities 

differing in degree of proximity of Lolium perenne and Trifolium repens roots. Applied 

Soil Ecology 13 (2), 127-136. 

Martínez, M., and Martínez, A. (2007). Effects of phosphate-solubilizing bacteria 

during the rooting period of sugar cane (Saccharum officinarum), Venezuela 51–71 

variety, on the grower’s oasis substrate. First International Meeting on Microbial 

Phosphate Solubilization 317-323.  



© C
OPYRIG

HT U
PM

91 

 

Maslow, J. N., Mulligan, M. E., and Arbeit, R. D. (1993). Molecular epidemiology: 

Application of contemporary techniques to the typing of microorganisms. Clinical 

Infectious Diseases, 153-162. 

Mazel, D., Houmard, J., Castets, A., and de Marsac, N. T. (1990). Highly repetitive 

DNA sequences in cyanobacterial genomes. Journal of bacteriology 172 (5), 2755-

2761. 

McCaig, A. E., Glover, L. A., and Prosser, J. I. (1999). Molecular analysis of bacterial 

community structure and diversity in unimproved and improved upland grass pastures. 

Applied and environmental microbiology 65 (4), 1721-1730. 

McGrath, J. W., Hammerschmidt, F., and Quinn, J. P. (1998). Biodegradation of 

phosphonomycin by Rhizobium huakuii PMY1. Applied and environmental 

microbiology 64 (1), 356-358. 

McLean, E. (1982). Soil pH and lime requirement. Methods of soil analysis. Part 2. 

Chemical and microbiological properties (methodsofsoilan2), 199-224. 

Meyer, A., Lipson, D., Martin, A., Schadt, C., and Schmidt, S. (2004). Molecular and 

metabolic characterization of cold-tolerant alpine soil Pseudomonas sensu stricto. 

Applied and environmental microbiology 70 (1), 483-489. 

Miller, L. T. (1982). Single derivatization method for routine analysis of bacterial 

whole-cell fatty acid methyl esters, including hydroxy acids. Journal of Clinical 

Microbiology 16 (3), 584-586. 

Moore, E. R., Tindall, B. J., Dos Santos, V. A. M., Pieper, D. H., Ramos, J.-L., and 

Palleroni, N. J. (2006). The Prokaryotes. Springer, pp. 646-703. 

Munsch, P., Geoffroy, V. A., Alatossava, T., and Meyer, J.-M. (2000). Application of 

siderotyping for characterization of Pseudomonas tolaasii and “Pseudomonas 

reactans” isolates associated with brown blotch disease of cultivated mushrooms. 

Applied and environmental microbiology 66 (11), 4834-4841. 

Musarrat, J., Bano, k., and Rao, R. (2000). Isolation and characterization of 2, 4-

dichlorophenoxyacetic acid-catabolyzing bacteria and their biodegradation efficiency 

in soil. World J Microbiol Biotechnol 16, 495-497. 

Muyzer, G., De Waal, E. C., and Uitterlinden, A. G. (1993). Profiling of complex 

microbial populations by denaturing gradient gel electrophoresis analysis of 

polymerase chain reaction-amplified genes coding for 16S rRNA. Applied and 

environmental microbiology 59 (3), 695-700. 

Nahas, E. (1996). Factors determining rock phosphate solubilization by 

microorganisms isolated from soil. World Journal of Microbiology and Biotechnology 

12 (6), 567-572. 



© C
OPYRIG

HT U
PM

92 

 

Nahas, E. (2007). Phosphate solubilizing microorganisms: Effect of carbon, nitrogen, 

and phosphorus sources. First International Meeting on Microbial Phosphate 

Solubilization 111-115.  

Nautiyal, C. S. (1998). An efficient microbiological growth medium for screening 

phosphate solubilizing microorganisms. Micro Letter, 265-270. 

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

phosphate solubilizing microorganisms. FEMS microbiology letters 170 (1), 265-270. 

Nautiyal, C. S., Bhadauria, S., Kumar, P., Lal, H., Mondal, R., and Verma, D. (2006). 

Stress induced phosphate solubilization in bacteria isolated from alkaline soils. FEMS 

microbiology letters 182 (2), 291-296. 

Nur, I., LeBlanc, D. J., and Tully, J. G. (1987). Short, interspersed, and repetitive DNA 

sequences in Spiroplasma species. Plasmid 17 (2), 110-116. 

O'sullivan, D. J., and O'Gara, F. (1992). Traits of fluorescent Pseudomonas spp. 

involved in suppression of plant root pathogens. Microbiological reviews 56 (4), 662-

676. 

Ogut, M., Er, F., and Kandemir, N. (2010). Phosphate solubilization potentials of soil 

Acinetobacter strains. Biology and Fertility of Soils 46 (7), 707-715. 

Ohtake, H., Wu, H., Imazu, K., Anbe, Y., Kato, J., and Kuroda, A. (1996). Bacterial 

phosphonate degradation, phosphite oxidation and polyphosphate accumulation. 

Resources, conservation and recycling 18 (1), 125-134. 

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 allochtonous 

arbuscular mycorrhizal fungi. Forest ecology and management 241 (1), 200-208. 

Page, A. L. (1982). Methods of soil analysis. Part 2. Chemical and microbiological 

properties. American Society of Agronomy, Soil Science Society of America. 

Palleroni, N. (1992). Human-and animal-pathogenic pseudomonads. The Prokaryotes 

3, 3086-3103. 

Palleroni, N., and Doudoroff, M. (1972). Some properties and taxonomic sub-divisions 

of the genus Pseudomonas. Annual review of phytopathology 10 (1), 73-100. 

Palleroni, N. J. (1993). Pseudomonas classification. A new case history in the 

taxonomy of Gram-negative bacteria. Antonie van Leeuwenhoek 64, 231-251. 

Pandey, A., and Palni, L. (1998). Isolation of Pseudomonas corrugata from Sikkim 

Himalaya. World Journal of Microbiology and Biotechnology 14 (3), 411-413. 



© C
OPYRIG

HT U
PM

93 

 

Pandey, A., Trivedi, P., Kumar, B., and Palni, L. M. S. (2006). Characterization of a 

phosphate solubilizing and antagonistic strain of Pseudomonas putida (B0) isolated 

from a sub-alpine location in the Indian Central Himalaya. Current microbiology 53 

(2), 102-107. 

Panhwar, Q. A., Radziah, O., Sariah, M., and Ismail, M. R. (2009). Solubilization of 

different phosphate forms by phosphate solubilizing bacteria isolated from aerobic rice. 

Int J Agric Biol 11 (6), 667-673. 

Park, S. C., Shimamura, I., Fukunaga, M., Mori, K.-I., and Nakai, T. (2000). Isolation 

of bacteriophages specific to a fish pathogen, Pseudomonas plecoglossicida, as a 

candidate for disease control. Applied and environmental microbiology 66 (4), 1416-

1422. 

Patel, D. K., Archana, G., and Kumar, G. N. (2008). Variation in the nature of organic 

acid secretion and mineral phosphate solubilization by Citrobacter sp. DHRSS in the 

presence of different sugars. Current microbiology 56 (2), 168-174. 

Patel, J. B. (2001). 16S rRNA gene sequencing for bacterial pathogen identification in 

the clinical laboratory. Molecular diagnosis 6 (4), 313-321. 

Paul, E., and Clark, F. (1988). Soil Microbiology and Biochemistry. 

Paul, E. A., and Clark, F. E. (1996). Soil microbiology and biochemistry,. pp. 74-86. 

Peix, A., Rivas, R., Mateos, P. F., Martínez-Molina, E., Rodríguez-Barrueco, C., and 

Velázquez, E. (2003). Pseudomonas rhizosphaerae sp. nov., a novel species that 

actively solubilizes phosphate in vitro. International journal of systematic and 

evolutionary microbiology 53 (6), 2067-2072. 

Peix, A., Rivas, R., Santa-Regina, I., Mateos, P. F., Martínez-Molina, E., Rodríguez-

Barrueco, C., and Velázquez, E. (2004). Pseudomonas lutea sp. nov., a novel 

phosphate-solubilizing bacterium isolated from the rhizosphere of grasses. 

International journal of systematic and evolutionary microbiology 54 (3), 847-850. 

Perez, E., Sulbaran, M., Ball, M. M., and Yarzabal, L. A. (2007). Isolation and 

characterization of mineral phosphate-solubilizing bacteria naturally colonizing a 

limonitic crust in the south-eastern Venezuelan region. Soil Biology and Biochemistry 

39 (11), 2905-2914. 

Petes, T. D., and Hill, C. W. (1988). Recombination between repeated genes in 

microorganisms. Annual review of genetics 22 (1), 147-168. 

Pikovskaya, R. (1948). Mobilization of phosphorus in soil in connection with vital 

activity of some microbial species. Mikrobiologiya 17, 362-370. 



© C
OPYRIG

HT U
PM

94 

 

Pradel, E., and Boquet, P. L. (1988). Acid phosphatases of Escherichia coli: molecular 

cloning and analysis of agp, the structural gene for a periplasmic acid glucose 

phosphatase. Journal of bacteriology 170 (10), 4916-4923. 

Prescott, L., Harley, J., and Klein, D. (1996). The diversity of the microbial world. . 

WCB Publisher, Dubuque, Iowa. 

Rademaker, J. L. W., Louws, F. J., Versalovic, J. V., and De Bruijn, F. J. (2008). 

Characterization of the diversity of ecologically important microbes by rep-PCR 

genomic fingerprinting. In Molecular Microbial Ecology Manual. Dordrecht, the 

Netherlands: Springer, pp, pp. 611-644. 

Raghu, K., and MacRae, I. (1966). Occurrence of Phosphate-dissolving Micro-

organisms in the Rhizosphere of Rice Plants and in Submerged Soils. Journal of 

Applied Microbiology 29 (3), 582-586. 

Rangel-Castro, J. I., Levenfors, J. J., and Danell, E. (2002). Physiological and genetic 

characterization of fluorescent Pseudomonas associated with Cantharellus cibarius. 

Canadian journal of microbiology 48 (8), 739-748.  

Razman, A., Tajudin, M., Ooi, L., and Tang, M. (1999). Fertilizer requirement and 

Practices of plantation industry in Malaysia. Proceedings of the IFA Regional 

Conference for Asia and the Pacific.  

Reller, L. B., Weinstein, M. P., and Petti, C. A. (2007). Detection and identification of 

microorganisms by gene amplification and sequencing. Clinical Infectious Diseases 44 

(8), 1108-1114. 

Relman, D. A. (1999). The search for unrecognized pathogens. Science 284 (5418), 

1308-1310. 

Reyes, I., Valery, A., and Valduz, Z. (2007). Phosphate-solubilizing microorganisms 

isolated from rhizospheric and bulk soils of colonizer plants at an abandoned rock 

phosphate mine. First International Meeting on Microbial Phosphate Solubilization 

69-75.  

Richardson, A., and Hadobas, P. (1997). Soil isolates of Pseudomonas spp. that utilize 

inositol phosphates. Canadian journal of microbiology 43 (6), 509-516. 

Riley, D., Samadpour, M., and Krieger, J. (1991). Detection of variable DNA repeats in 

diverse eukaryotic microorganisms by a single set of polymerase chain reaction 

primers. Journal of Clinical Microbiology 29 (12), 2746-2751. 

Rivas, R., Velazquez, E., Valverde, A., Mateos, P. F., and Martinez, M. E. (2001). A 

two primers random amplified polymorphic DNA procedure to obtain polymerase 

chain reaction fingerprints of bacterial species. Electrophoresis 22 (6), 1086-1089. 

 



© C
OPYRIG

HT U
PM

95 

 

Roberts, G. P., Leps, W. T., Silver, L. E., and Brill, W. J. (1980). Use of two-

dimensional polyacrylamide gel electrophoresis to identify and classify Rhizobium 

strains. Applied and environmental microbiology 39 (2), 414-422. 

Rodrı́guez, H., and Fraga, R. (1999). Phosphate solubilizing bacteria and their role in 

plant growth promotion. Biotechnology advances 17 (4), 319-339. 

Rodriguez, H., Fraga, R., Gonzalez, T., and Bashan, Y. (2007). Genetics of phosphate 

solubilization and its potential applications for improving plant growth-promoting 

bacteria. First international meeting on microbial phosphate solubilization 15-21.  

Rodriguez, H., Gonzalez, T., Goire, I., and Bashan, Y. (2004). Gluconic acid 

production and phosphate solubilization by the plant growth-promoting bacterium 

Azospirillum spp. Naturwissenschaften 91 (11), 552-555. 

Rodrı́guez, H., Gonzalez, T., and Selman, G. (2000). Expression of a mineral 

phosphate solubilizing gene from Erwinia herbicola in two rhizobacterial strains. 

Journal of biotechnology 84 (2), 155-161. 

Rose, R. (1957). Techniques for determining the effect of microorganisms on insoluble 

inorganic phosphates. NZ J Sci Technol 38, 773-780. 

Rosenbaum, V., and Riesner, D. (1987). Temperature-gradient gel electrophoresis: 

thermodynamic analysis of nucleic acids and proteins in purified form and in cellular 

extracts. Biophysical chemistry 26 (2), 235-246. 

Rosenquist, E. (1966). Manuring oil palms. In: The Oil Palm Malaya. Ministry of 

Agriculture Co-operative, Kuala Lumpur. 167-194. 

Ross, B. C., Raios, K., Jackson, K., and Dwyer, B. (1992). Molecular cloning of a 

highly repeated DNA element from Mycobacterium tuberculosis and its use as an 

epidemiological tool. Journal of Clinical Microbiology 30 (4), 942-946. 

Rossolini, G., Shippa, S., Riccio, M., Berlutti, F., Macaskie, L., and Thaller, M. (1998). 

Bacterial nonspecific acid phosphatases:physiology, evolution, and use as tools in 

microbial biotechnology. Cell Mol Life Sci 54, 833-850. 

Rudolfs, W. (1922). influence of sulfur oxidation upon growth of soy beans and its 

effect on bacterial flora of soil. soil science 14 (4), 247-264. 

Rudresh, D., Shivaprakash, M., and Prasad, R. (2005). Tricalcium phosphate 

solubilizing abilities of Trichoderma spp. in relation to P uptake and growth and yield 

parameters of chickpea (Cicer arietinum L.). Canadian journal of microbiology 51 (3), 

217-222. 

Russell, G. C., and Mann, N. H. (1986). Analysis of inverted repeat DNA in the 

genome of Rhodomicrobium vannielii. Journal of General Microbiology 132 (2), 325-

330. 



© C
OPYRIG

HT U
PM

96 

 

Ryan, P., Delhaize, E., and Jones, D. (2001). Function and mechanism of organic anion 

exudation from plant roots. Annual review of plant biology 52 (1), 527-560. 

Sacchi, C. T., Whitney, A. M., Mayer, L. W., Morey, R., Steigerwalt, A., Boras, A., 

Weyant, R. S., and Popovic, T. (2002). Sequencing of 16S rRNA gene: a rapid tool for 

identification of Bacillus anthracis. Emerging infectious diseases 8 (10), 1117-1123. 

Sacchi, C. T., Whitney, A. M., Reeves, M. W., Mayer, L. W., and Popovic, T. (2002). 

Sequence diversity of Neisseria meningitidis 16S rRNA genes and use of 16S rRNA 

gene sequencing as a molecular subtyping tool. Journal of Clinical Microbiology 40 

(12), 4520-4527. 

Sadosky, A., Davidson, A., Lin, R.-J., and Hill, C. (1989). rhs gene family of 

Escherichia coli K-12. Journal of bacteriology 171 (2), 636-642. 

Sadosky, A. B., Gray, J. A., and Hill, C. W. (1991). The RhsD-E subfamily of 

Escherichia coli K–12. Nucleic acids research 19 (25), 7177-7183. 

Sadwsky, M. J., and Hur, H. G. (1998). Use of endogenous repeated sequences to 

fingerprint bacterial genomic DNA. In Bacterial Genomics: Physical Structure and 

Analysis. New York, NY, USA, pp. 399-413. 

Sagoe, C. I., Ando, T., Kouno, K., and Nagaoka, T. (1998). Relative importance of 

protons and solution calcium concentration in phosphate rock dissolution by organic 

acids. Soil science and plant nutrition 44 (4), 617-625. 

Saharan, B., and Nehra, V. (2011). Plant growth promoting rhizobacteria: a critical 

review. Life Sciences and Medicine Research 21, 1-30. 

Salih, H., Yahya, A., Abdul-Rahem, A., and Munam, B. (1989). Availability of 

phosphorus in a calcareous soil treated with rock phosphate or superphosphate as 

affected by phosphate-dissolving fungi. Plant and soil 120 (2), 181-185. 

Sambrook, J., and Russell, D. W. (2001). Molecular cloning: a laboratory manual (3-

volume set). 

Sapienza, C., and Doolittle, W. F. (1982). Unusual physical organization of the 

Halobacterium genome. Nature 295 (5848), 384-389. 

Sarapatka, B., and Krskova, M. (1997). Interactions between phosphatase activity and 

soil characteristics from some locations in the Czech Republic. Rostlinna Vyroba-UZPI 

43. 

Sb, M., and Lingaraju, S. (2008). Plant growth promoting rhizobacteria, their 

characterization and mechanisms in the suppression of soil borne pathogens of coleus 

and ashwagandha. PhD Thesis.: University of Agricultural Sciences, Dharwad. 



© C
OPYRIG

HT U
PM

97 

 

Scherer, S., and Stevens, D. A. (1988). A Candida albicans dispersed, repeated gene 

family and its epidemiologic applications. Proceedings of the National Academy of 

Sciences 85 (5), 1452-1456. 

Schmid, C. W., and Jelinek, W. R. (1982). The Alu family of dispersed repetitive 

sequences. Science 216 (4550), 1065-1070. 

Scortichini, M., Dettori, M., Marchesi, U., Palombi, M., and Rossi, M. (1998). 

Differentiation of Pseudomonas avellanae Strains from Greece and Italy by rep-PCR 

Genomic Fingerprinting. Journal of Phytopathology 146 (8-9), 417-420. 

Selvakumar, G., Joshi, P., Nazim, S., Mishra, P. K., Bisht, J. K., and Gupta, H. S. 

(2009). Phosphate solubilization and growth promotion by Pseudomonas fragi 

CS11RH1 (MTCC 8984), a psychrotolerant bacterium isolated from a high altitude 

Himalayan rhizosphere. Biologia 64 (2), 239-245. 

Selvakumar, G., Kundu, S., Joshi, P., Nazim, S., Gupta, A., and Gupta, H. (2010). 

Growth promotion of wheat seedlings by Exiguobacterium acetylicum 1P (MTCC 

8707) a cold tolerant bacterial strain from the Uttarakhand Himalayas. Indian journal 

of microbiology 50 (1), 50-56. 

Semagn, K., Bjørnstad, Å., Skinnes, H., Marøy, A. G., Tarkegne, Y., and William, M. 

(2006). Distribution of DArT, AFLP, and SSR markers in a genetic linkage map of a 

doubled-haploid hexaploid wheat population. Genome 49 (5), 545-555. 

Sethi, R., and Subba-Rao, N. (1968). Solubilization of tricalcium phosphate and 

calcium phytate by soil fungi. The Journal of General and Applied Microbiology 14 

(3), 329-331. 

Sharples, G. J., and Lloyd, R. G. (1990). A novel repeated DNA sequence located in 

the intergenic regions of bacterial chromosomes. Nucleic acids research 18 (22), 6503-

6508. 

Shenoy, V., and Kalagudi, G. (2005). Enhancing plant phosphorus use efficiency for 

sustainable cropping. Biotechnology advances 23 (7), 501-513. 

Skrary, F., and Cameron, D. (1998). Purification and characterization of a Bacillus 

licheniformis phosphatase specific for D-alpha-glycerophosphate. Arch Biochem 

Biophys 349, 27-35. 

Smiles, D. (1988). Aspects of the physical environment of soil organisms. Biology and 

Fertility of Soils 6 (3), 204-215. 

Smith, S. E., and Read, D. J. (1997). Mycorrhizal symbiosis. Academic Press 

Cambridge 605. 



© C
OPYRIG

HT U
PM

98 

 

Söderberg, K. H., and Bååth, E. (1998). Bacterial activity along a young barley root 

measured by the thymidine and leucine incorporation techniques. Soil Biology and 

Biochemistry 30 (10), 1259-1268. 

Son, H.-J., Park, G.-T., Cha, M.-S., and Heo, M.-S. (2006). Solubilization of insoluble 

inorganic phosphates by a novel salt-and pH-tolerant Pantoea agglomerans R-42 

isolated from soybean rhizosphere. Bioresource Technology 97 (2), 204-210. 

Sperber, J. I. (1958). The incidence of apatite-solubilizing organisms in the rhizosphere 

and soil. Crop and Pasture Science 9 (6), 778-781. 

Sperber, J. I. (1957). Solution of mineral phosphates by soil bacteria. Nature 180 

(4593), 994. 

Spiers, A. J., Buckling, A., and Rainey, P. B. (2000). The causes of Pseudomonas 

diversity. Microbiology 146 (10), 2345-2350. 

Srinivasan, R., Alagawadi, A. R., Yandigeri, M. S., Meena, K. K., and Saxena, A. K. 

(2012). Characterization of phosphate-solubilizing microorganisms from salt-affected 

soils of India and their effect on growth of sorghum plants [Sorghum bicolor (L.) 

Moench]. Annals of microbiology 62 (1), 93-105. 

Stackebrandt, E., and Goebel, B. (1994). Taxonomic note: a place for DNA-DNA 

reassociation and 16S rRNA sequence analysis in the present species definition in 

bacteriology. International journal of systematic bacteriology 44 (4), 846-849. 

Stefan Van Dongen, T., and Winnepenninckx, B. (1996). Multiple UPGMA and 

neighbor-joining trees and the performance of some computer packages. Molecular 

Biology and Evolution 13 (2), 309-313. 

Stern, M. J., Ames, G. F.-L., Smith, N. H., Clare Robinson, E., and Higgins, C. F. 

(1984). Repetitive extragenic palindromic sequences: a major component of the 

bacterial genome. Cell 37 (3), 1015-1026. 

Stringer, S., Hong, S., Giuntoli, D., and Stringer, J. (1991). Repeated DNA in 

Pneumocystis carinii. Journal of Clinical Microbiology 29 (6), 1194-1201. 

Subba Rao, N. S. (1993). Biofertilizers in agriculture and forestry. International 

Science Publisher. 

Subba Roa, N. (1997). Soil microbiology. IBH Publ. Oxford. 

Sugimoto, E., Hoitink, H., and Tuovinen, O. (1990). Enumeration of oligotrophic 

rhizosphere pseudomonads with diluted and selective media formulations. Biology and 

Fertility of Soils 9 (3), 226-230. 



© C
OPYRIG

HT U
PM

99 

 

Suh, J., Lee, S., Seong, K., and Kim, K. (1995). Solubilization of insoluble phosphates 

by Pseudomonas putida, Penicillium sp. and Aspergillus niger isolated from Korean 

soils. Journal of Korean Society of Soil Science and Fertilizer (Korea Republic). 

Sulbarán, M., Pérez, E., Ball, M. M., Bahsas, A., and Yarzábal, L. A. (2009). 

Characterization of the Mineral Phosphate-Solubilizing Activity of Pantoea aglomerans 

MMB051 Isolated from an Iron-Rich Soil in Southeastern Venezuela (Bolívar State). 

Current microbiology 58 (4), 378-383. 

Sundara, B., Natarajan, V., and Hari, K. (2002). Influence of phosphorus solubilizing 

bacteria on the changes in soil available phosphorus and sugarcane and sugar yields. 

Field Crops Research 77 (1), 43-49. 

Takahashi, S., and Anwar, M. R. (2007). Wheat grain yield, phosphorus uptake and soil 

phosphorus fraction after 23 years of annual fertilizer application to an Andosol. Field 

Crops Research 101 (2), 160-171. 

Tarafdar, J., and Jungk, A. (1987). Phosphatase activity in the rhizosphere and its 

relation to the depletion of soil organic phosphorus. Biology and Fertility of Soils 3 (4), 

199-204. 

Teoh, C. H. (2000). Land Use and the Oil Palm Industry in Malaysia, A bridged report 

produced for the WWF forest Information System Database under project MY 0057-

Policy Assessment of Malaysia Conservation Issuse, Kinabatangan. 

Teske, A., Wawer, C., Muyzer, G., and Ramsing, N. B. (1996). Distribution of sulfate-

reducing bacteria in a stratified fjord (Mariager Fjord, Denmark) as evaluated by most-

probable-number counts and denaturing gradient gel electrophoresis of PCR-amplified 

ribosomal DNA fragments. Applied and environmental microbiology 62 (4), 1405-

1415. 

Thaller, M. C., Berlutti, F., Schippa, S., Iori, P., Passariello, C., and Rossolini, G. M. 

(1995). Heterogeneous patterns of acid phosphatases containing low-molecular-mass 

polypeptides in members of the family Enterobacteriaceae. International journal of 

systematic bacteriology 45 (2), 255-261. 

Thomas, G. V., Shantaram, M., and Saraswathy, N. (1985). Occurrence and activity of 

phosphate-solubilizing fungi from coconut plantation soils. Plant and soil 87 (3), 357-

364. 

Tilak, K. (1993). Bacterial fertilizers. Indian Council of Agricultural Research, Publ. 

and Information Division. 

Tisdale, S. L., Nelson, W. L., and Beaton, J. D. (1985). Soil fertility and fertilizers. 

Collier Macmillan Publishers. 

Tyler, S., Strathdee, C., Rozee, K., and Johnson, W. (1995). Oligonucleotide primers 

designed to differentiate pathogenic pseudomonads on the basis of the sequencing of 



© C
OPYRIG

HT U
PM

100 

 

genes coding for 16S-23S rRNA internal transcribed spacers. Clinical and diagnostic 

laboratory immunology 2 (4), 448-453. 

van Belkum, A. (1994). DNA fingerprinting of medically important microorganisms by 

use of PCR. Clinical Microbiology Reviews 7 (2), 174-184. 

Van Elsas, J. D. (1997). Modern soil microbiology. CRc Press. 

Vassilev, N., Vassileva, M., Fenice, M., and Federici, F. (2001). Immobilized cell 

technology applied in solubilization of insoluble inorganic (rock) phosphates and P 

plant acquisition. Bioresource Technology 79 (3), 263-271. 

Vassilev, N., Vassileva, M., and Nikolaeva, I. (2006). Simultaneous P-solubilizing and 

biocontrol activity of microorganisms: potentials and future trends. Applied 

microbiology and biotechnology 71 (2), 137-144. 

Vázquez, P. (1996). México. Bacterias solubilizadoras de fosfatos inorgánicos 

asociadas a la rhizosfera de los mangles: Avicennia germinans (L.) L y Laguncularia 

racemosa (L.) Gerth. PhD Thesis.: Tesis para el título de Biologo Marino. Univ. 

Autónoma de Baja California Sur. La Paz, BCS. 

Vazquez, P., Holguin, G., Puente, M., Lopez-Cortes, A., and Bashan, Y. (2000). 

Phosphate-solubilizing microorganisms associated with the rhizosphere of mangroves 

in a semiarid coastal lagoon. Biology and Fertility of Soils 30 (5-6), 460-468. 

Versalovic, J., de Bruijn, F. J., Lupski, J. R., and Weinstock, G. M. (1997). In: de 

Bruijn FJ, Lupski JR and Weinstock GM (eds) Bacterial genomes: physical structure 

and analysis Chapman and Hall. New York  

Versalovic, J., Koeuth, T., and Lupski, R. (1991). Distribution of repetitive DNA 

sequences in eubacteria and application to finerpriting of bacterial genomes. Nucleic 

acids research 19 (24), 6823-6831. 

Versalovic, J., and Lupski, J. R. (1994). DNA fingerprinting of Neisseria strains by 

rep-PCR. Methods in molecular and cellular biology 5 (2), 96-104. 

Versalovic, J., Schneider, M., De Bruijn, F., and Lupski, J. R. (1994). Genomic 

fingerprinting of bacteria using repetitive sequence-based polymerase chain reaction. 

Methods in molecular and cellular biology 5 (1), 25-40. 

Versalovic, J. V., De Bruijn, F. J., and Lupski, J. R. (1998). Repetitive sequence-based 

PCR (rep-PCR) DNA fingerprinting of bacterial genomes. In Bacterial Genomes: 

Physical Structure and Analysis. New York, NY, USA, pp. 437–454. 

Vyas, P., and Gulati, A. (2009). Organic acid production in vitro and plant growth 

promotion in maize under controlled environment by phosphate-solubilizing 

fluorescent Pseudomonas. BMC microbiology 9 (1), 174. 



© C
OPYRIG

HT U
PM

101 

 

Wakelin, S. A., Warren, R. A., Harvey, P. R., and Ryder, M. H. (2004). Phosphate 

solubilization by Penicillium spp. closely associated with wheat roots. Biology and 

Fertility of Soils 40 (1), 36-43. 

Walkley, A., and Black, I. A. (1934). An examination of the Degtjareff method for 

determining soil organic matter, and a proposed modification of the chromic acid 

titration method. Soil science 37 (1), 29-38. 

Weisburg, W. G., Barns, S. M., Pelletier, D. A., and Lane, D. J. (1991). 16S ribosomal 

DNA amplification for phylogenetic study. Journal of bacteriology 173 (2), 697-703. 

Welsh, J., and McClelland, M. (1990). Fingerprinting genomes using PCR with 

arbitrary primers. Nucleic acids research 18 (24), 7213-7218. 

Wieland, G., Neumann, R., and Backhaus, H. (2001). Variation of microbial 

communities in soil, rhizosphere, and rhizoplane in response to crop species, soil type, 

and crop development. Applied and environmental microbiology 67 (12), 5849-5854. 

Williams, J. G., Kubelik, A. R., Livak, K. J., Rafalski, J. A., and Tingey, S. V. (1990). 

DNA polymorphisms amplified by arbitrary primers are useful as genetic markers. 

Nucleic acids research 18 (22), 6531-6535. 

Wenzel, R., and Herrmann, R. (1988). Repetitive DNA sequences in Mycoplasma 

pneumoniae. Nucleic acids research 16 (17), 8337-8350. 

Whitelaw, M. (1999). Growth promotion of plants inoculated with phosphate-

solubilizing fungi. Advances in Agronomy 69, 99-151. 

Woese, C. R. (1987). Bacterial evolution. Microbiological reviews 51 (2), 221. 

Woese, C. R., Blanz, P., and Hahn, C. M. (1984). What isn't a Pseudomonad: the 

importance of nomenclature in bacterial classification. Systematic and applied 

microbiology 5 (2), 179-195. 

Wood, M. (1989). Soil Biology. Chapman and Hall, London. 

Wu, G., Liu, J., and Ye, Z. (2009). Characterization of phosphobacteria isolated from 

eutrophic aquatic ecosystems. Microbiology 78 (6), 769-775. 

Xiao, K., Katagi, H., Harrison, M., and Wang, Z.-Y. (2006). Improved phosphorus 

acquisition and biomass production in Arabidopsis by transgenic expression of a purple 

acid phosphatase gene from M. truncatula. Plant Science 170 (2), 191-202. 

Xie, M., Yin, H.-q., Liu, Y., Liu, J., and Liu, X.-d. (2008). Repetitive sequence based 

polymerase chain reaction to differentiate close bacteria strains in acidic sites. 

Transactions of Nonferrous Metals Society of China 18 (6), 1392-1397. 



© C
OPYRIG

HT U
PM

102 

 

Xu, J., and Johnson, R. (1995). Root growth, microbial activity and phosphatase 

activity in oil-contaminated, remediated and uncontaminated soils planted to barley and 

field pea. Plant and soil 173 (1), 3-10. 

Yadav, K., and Dadarwal, K. (1997). Phosphate solubilization and mobilization 

through soil microorganisms. In: Dadarwal KR (ed): Biotechnological approaches in 

soil microorganisms for sustain- able crop production. Jodhpur, India: Scientific 

Publishers, 293-300. 

Yamamoto, S., and Harayama, S. (1995). PCR amplification and direct sequencing of 

gyrB genes with universal primers and their application to the detection and taxonomic 

analysis of Pseudomonas putida strains. Applied and environmental microbiology 61 

(3), 1104-1109. 

Yang, Y., and Ames, F.-L. (1990). The family of repetitive extragenic palindromic 

sequences: Interaction with DNA gyrase and histonelike protein HU. 

Yang, Y., and Ames, G. (1988). DNA gyrase binds to the family of prokaryotic 

repetitive extragenic palindromic sequences. Proceedings of the National Academy of 

Sciences 85 (23), 8850-8854. 

Yi, Y., Huang, W., and Ge, Y. (2008). Exopolysaccharide: a novel important factor in 

the microbial dissolution of tricalcium phosphate. World Journal of Microbiology and 

Biotechnology 24 (7), 1059-1065. 

Yin, R. (1988). Phosphate-solubilizing microbes in non-irrigated soils in China. Soils 

20, 243-246. 

Zaharah, A., Hawa, J., and Hamid, S. (1979). Phosphate adsorption by some Malaysian 

soils. Pertanika 2 (2), 78-83. 

Zaidi, A., Khan, M. S., Ahemad, M., Oves, M., and Wani, P. (2009). Recent advances 

in plant growth promotion by phosphate-solubilizing microbes. Microbial strategies for 

crop improvement. Springer, Berlin, Germany, 23-50. 

Zayed, G., and Abdel-Motaal, H. (2005). Bio-production of compost with low pH and 

high soluble phosphorus from sugar cane bagasse enriched with rock phosphate. World 

Journal of Microbiology and Biotechnology 21 (5), 747-752. 

Zin, Z., Foong, S., Jamaludin, N., Lee, C., Hamdan, A., Tarmizi, A., and Khalid, H. 

(2001). Evaluation of various sources of phosphate fertilizer for mature oil palm in 

Peninsular Malaysia. Cutting-edge technologies for sustained competitiveness: 

Proceedings of the 2001 PIPOC International Palm Oil Congress, Agriculture 

Conference, Kuala Lumpur, Malaysia, 20-22 August 2001. 272-281.  

Zou, X., Binkley, D., and Doxtader, K. G. (1992). A new method for estimating gross 

phosphorus mineralization and immobilization rates in soils. Plant and soil 147 (2), 

243-250. 



© C
OPYRIG

HT U
PM

103 

 

Zuerner, R. L., and Bolin, C. (1988). Repetitive sequence element cloned from 

Leptospira interrogans serovar hardjo type hardjo-bovis provides a sensitive diagnostic 

probe for bovine leptospirosis. Journal of Clinical Microbiology 26 (12), 2495-2500. 

 


	MOLECULAR AND BIOCHEMICAL CHARACTERIZATION OF PHOSPHATE-SOLUBILIZING PSEUDOMONAS SP. ISOLATED FROM OIL PALM SOIL
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



