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Abstract: This study reviews the role of Plant Growth Promoting Rhizobacteria (PGPR), Plant Growth Promoting 
Fungi (PGPF) and Mycorrhizal Fungi in the enhancement of rice growth and yield. A total 70 papers spanning from 
1970 to 2013 was screened and noted its conclusion to enhance rice growth and yield. The mechanisms employed by 
microbes in enhancing rice growth and yield includes; the production of growth regulating substances, phosphate 
solubilization, N-fixation, cellulose degradation and side rophore production. Some microbes are also involved in 
cell regulation and signaling in rice plants. We can conclude that there are significant influences on the growth and 
yield of rice plant by microbes. 
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INTRODUCTION 

 
Currently growth of paddy uses a lot of chemical 

fertilizer and chemical pesticide. Over the years this has 
led to serious environmental problems such as depletion 
of soil quality and health, emergence of resistant 
pathogens and elimination of soil microbes involvement 
in growth of paddy. The increase of production of 
paddy must be achieved through improvement in 
agricultural productivity. Microbes considered as 
beneficial are key factor in maintaining soil quality and 
paddy production. As such decades, Interest in 
beneficial microorganism in rice has increased due to 
their  potential  use  as  plant  growth  regulator (Diem 
et al., 1978; Barraquio et al., 1986; Mehnaz et al., 
2000; Jha and Subramanian, 2012). 

Previous studies have reviewed the microbial 
producers of plant growth stimulators and their 
practical use (Tsavkelova et al., 2005), use of plant 
growth-promoting bacteria for biocontrol of plant 
diseases (Compant et al., 2005), plant-microbes 
interactions in enhanced fertilizer-use efficiency 
(Adesemoye and Kloepper, 2009), bacterial and fungal 
contributions to carbon sequestration in agroecosystems 
(Six et al., 2006), biological nitrogen fixation (Kumar 
and Rao, 2012) and impact of root exudates and plant 
defense signaling on bacterial communities in the 
rhizosphere (Doornbos et al., 2012). 

This review discusses the ability of Plant Growth 
Promoting Rhizobacteria (PGPR) to enhance rice 

growth and yield, the ability of Plant Growth Promoting 
Fungi (PGPF) to enhance rice growth and yield, the 
ability of mycorrhizal fungi to enhance rice growth and 
yield and rice plant and microorganism molecular 
interaction.  

 
RESULTS AND DISCUSSION 

 
Plant growth promoting rhizobacteria: PGPR (Plant 
Growth Promoting Rhizobacteria) are the rhizosphere 
bacteria  which  may  grow  in, on or around plant 
tissues  and   have  ability  to  improve  plant  growth  
by  several  mechanisms namely Phosphate-
solubilizing, siderophore-producting, nitrogen-fixaxing, 
phytohormone-producing and exhibiting antifungal 
activity. (Bhattacharyya and Jha, 2012; Vessey, 2003). 
The mechanism of PGPR to improve plant growth is 
highlighted on Table 1.  

Reports on the application of PGPR to improve 
rice growth and yield have been published by many 
researchers. Carreres et al. (1996) stated that 
application of cyanobacteria to the rice plant 
significantly increased the uptake of N by the rice plant. 
Further, Malik et al. (1997) stated that five strains of 
bacteria, namely, Azospirillum lipoferum N-4, A. 
brasilense Wb-3, Pseudomonas 96-51, Zoogloea Ky-1 
and Azoarcus K-1 were able to increase biomass and 
nitrogen content of the rice tissue. Ashrafuzzaman et al. 
(2009) isolated 10 PGPR strains from Mymensingh soil 
to improve rice growth. Most of isolates resulted in a 
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Table 1: Growth factor produced by PGPR 
PGPR Factor produced References 
Azospirillum lipoferum Gibberellins N-Fixation Cassan et al. (2001) and Nayak et al. (1986) 
Azospirillum brasilense GibberellinsIAAN-Fixation  Cassan et al. (2001), Mehnaz and Lazarovits 

(2006) and Tien et al. (1976) 
Zoogloea  N-Fixation Xie and Yokota (2006) 
Azoarcus N-Fixation Hurek et al. (2012) 
Bacillus Phosphate-solubilizing Rodríguez and Fraga (1999) 
Rhizobium N-Fixation Yani et al. (2000) 
Pseudomonas fluorescens N-FixationPhosphate-solubilizing Siderophore 

producing 
Park et al. (2004) and Vyas and Gulati (2009) 
Kloepper et al. (1980) 

Pseudomonas putida Siderophore producing Phosphate-solubilizing Kloepper et al. (1980) and Wahyudi et al. (2011) 
Azetobacter N-Fixation Park et al. (2004) 
Azorhizobium N-Fixation Anyia et al. (2004) 
Azospirilium N-Fixation Park et al. (2004) 
 
Table 2: Growth factor produced by PGPF 
PGPF Factor produced References 
Gliocladium virens Lytic enzymes Sreenivasaprasad and Manibhushanrao (1990) 
Trichoderma virens Auxin Jalicylic acidJasmonic acid Contreras-Cornejo et al. (2009, 2011)  
Trichoderma harzianum Phosphate-solubilizing Siderophore producing Saravanakumar et al. (2013) and Rawat and Tewari 

(2011) 
Trichoderma viride Phosphate-solubilizing Siderophore producing 

cellulose degrading  
Saravanakumar et al. (2013), Rawat and Tewari 
(2011) and Jiang et al. (2011) 

Aspergillus niger IAA GibberellinsPhytase producing Bilkay et al. (2010) and Gujar et al. (2013) 
 
significant increase in plant height, root length and dry 
matter production of shoot and root of rice seedlings. 
Mia et al. (2012) has inoculated 4 PGPR strains to rice 
seedlings growth. The results stated that inoculation 
those PGPR strains have been increasing the seedling 
emergence, seedling vigor and root growth.  

The ability of PGPR to enhance rice yield has been 
reported in several studies. Sakthivel and 
Gnanamanickam (1987) reported that application of 
Pseudomonas fluorescens to rice plant significantly 
improve plant height, number of tillers and grain yields. 
Mohammadinejhad-Babandeh et al. (2012) 
demonstrated that Azotobacter, Azorhizobioum and 
Azospirilium were  able  to  enhance  rice  yield 
components. Vahed et al. (2012) found that Phosphate 
Solubilizing Bacteria (PSB) had a significant influence 
on grain yield and biological yield of rice. 
Gopalakrishnan et al. (2012) reported that four PGPR 
isolates from rhizosphere of a SRI field significantly 
enhanced rice tiller numbers, stover and grain yields, 
total dry matter, root length, volume and dry weight. 
Ruíz-Sánchez et al. (2011) examined the response of 
rice plants to inoculation with A. brasilense. Result 
showed that A. brasilense is able to  enhance  ascorbate  
content  on rice plants. Pedraza et al. (2009) assessed 
the Azospirillum inoculation on effect on grain yield in 
a rice rainfed crop. The results suggested that 
Azospirilium significantly increased rice yield. Further, 
Banayo et al. (2012) evaluated three different 
biofertilizers. The result showed significant yield 
increases for all biofertilizers in some seasons but the 
most consistent results were achieved by the 
Azospirillum-based biofertilizer. 
 
Plant growth promoting fungi: Plant Growth 
Promoting Fungi (PGPF) is a class of beneficial fungi 
that have ability to enhance plant growth. The PGPF are 
including; hormone production, substrate degradation 

(mineralization) and suppression of deleterious 
microorganism (Hyakumachi, 1994; Nenwani et al., 
2010). The mechanism of plant growth promotion by 
PGPF is listed in Table 2. 

The ability of PGPF to enhance growth and yield 
of rice has been reported by many researchers. Four 
fungal (Gliocladium virens, Trichoderma virens, T. 
harzianum and Aspergillus niger) were examined for 
their effect on germination, root and shoot length and 
seedling weight of rice. The results suggested that seed 
root length, shoot height and fresh weight of rice 
seedlings were significant increased (Mishra and Sinha, 
2000). Further, Al-Taweil et al. (2009) has applied T. 
viride to rice seedling and the results reported that T. 
viride is effectively increasing rice seedlings growth. 
Khan et al. (2005) examined activity of T. harzianum 
on rice seed germination and seeding vigor. The result 
showed that T. harzianum has ability to increase 
seedling emergence, root and shoot length, fresh and 
dry weight of root of rice seedlings. The same result of 
the ability of T. harzianum on improving rice seedling 
growth was also reported by Shukla et al. (2012). Choi 
et al. (2010) reported that imidazole-4-carboxamide 
(ICA), a plant-growth regulating compound that was 
isolated from a fairy ring forming fungus, Lepista 
sordida, in a greenhouse experiment, this compound 
increasedricegrain yield by 26% compared with control. 
Amprayn et al. (2012) investigated the ability of 
CandidatropicalisHY(CtHY) to stimulate rice seedlings 
growth. The application of CtHY on germinated 
seedlings resulted in better rice plant root growth and 
the colonization of CtHY was confirmed to persist on 
plant  roots  at  least for 3 weeks. Furthermore, Banaay 
et al. (2012) reported that T. ghanense has ability to 
promote seedlings growth of aerobic rice variety. 
 
Mycorrhizal fungi: Arbuscular mycorrhizal (AM) 
fungi are group of beneficial fungi that symbioses with 
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the roots of around 80% of vascular plants and often 
increasing  Phosphate  (P)  uptake  and growth (Smith 
et al., 2003). Hajiboland et al. (2009) stated that 
Mycorrhizal colonization on rice significantly 
contributes to the uptake of P and K in rice plants. The 
ability of AM to enhance rice growth and yield has 
been reported by Secilia and Bagyaraj (1992), Secilia 
and  Bagyraj  (1994),  Solaiman  and Hirata (1997), Li 
et al. (2011) and Zhang et al. (2012). Yeasmin et al. 
(2007) stated that Mycorrhizal fungi significantly 
improved rice plants growth by increasing soil nutrients 
such as nitrogen and phosphorus. Isahak et al. (2012) 
examined the influence of AM to influence rice 
seedlings growth, as the result showed that AM is 
significantly enhancing plant height. Zhang et al. 
(2005) investigated the ability of AM to increase upland 
rice growth under combined soil contamination. The 
results showed that Mycorrhizal colonization on upland 
rice had a large influence on rice growth by increasing 
the shoot and root biomass. The inoculation of AM also 
gave the protective effects on upland rice under the 
combined soil contamination Further, Xu et al. (2013) 
stated that AM is able on enhancing rice production 
when growing in As-contaminated soils. 
 
Paddy and microorganism molecular interaction: 
Plant-microbe interactions may occur at several core 
spaces, specific spaces and sub-spaces within the 
specific space of choice and inter-spaces. These may 
include amongst others; Phyllosphere, Endosphere and 
Rhizosphere as core spaces. Phyllosphere is related 
with the aerial domains of the plants and endosphere 
being related with the internal cellular systems and its 
attendant transport systems. Rhizosphere can be defined 
as any volume of soil specially and specifically 
influenced by the plant roots or in association with the 
roots and plant-produced material. Rhizosphere, the 
term, can be defined as any volume of soil specially 
influenced by the plant roots or in association with the 
roots and plant-produced material. Bhattacharyya and 
Jha (2012) also mentioned in relation to the existence of 
the secorespaces. Plantexudes some phenolic 
compounds into the rhizosphere as signal to attract 
microorganism (Peters and Verma, 1990; Bais et al., 
2004). Bacilio-Jiminez et al. (2003) identified rice root 
exudates which fall into two separate groups, amino 
acids (histidine, proline, valine, alanine, glycine, 
aspartic, arginine, tyrosine and methionine) and 
carbohydrate (mannose, galatose, glucose and 
glucuronic acid). 

The abundance of rice root exudates might attract 
microorganism to colonize rice root that penetrate to 
root tissue. Reinhold-Hurek and Hurek (1997) 
examined the ability of Azoarcus to colonize rice roots 
endophytically. The result showed that bacteria invade 
the roots in the zone of elongation and differentiation, 
colonize the cortex intra- and inter-cellularly and 

penetrate deeply into the vascular system, entering 
xylem vessels, allowing systemic spreading into the rice 
shoot. Blilou et al. (2000) stated that the expression of a 
Lipid Transfer Protein (LTP) gene is regulated in Oryza 
sativa roots in response to colonization by the 
mycorrhizal fungus Glomus mosseae. And then, 
Transcript levels increased when the fungus forms 
appressoria and penetrate the root epidermis and 
decreased at the onset of the intercellular colonization 
of the root cortex. Further, Rediers et al. (2003) 
examined Pseudomonas stutzeri A15 genes that are 
switched on during rice root colonization and are 
switched off during free-living growth on synthetic 
medium. This strain is able to promote rice growth. 
Further, Guimil et al. (2005) stated 12 genes has 
transcribed only when the mycorrhizal fungus Glomus 
intraradices colonized rice root and those 12 genes 
were not detected in the absence of symbiosis. 

 
CONCLUSION 

 
This review has shown that there are significant 

influences of microbes to the growth and yield of rice 
plant. Many studies investigate the role of microbes to 
enhance rice growth and yield including producing of 
growth regulating substances, phosphate-solubilizing, 
N-fixation, cellulose degrading and siderophore 
producing. Some microbes are also involving in cell 
regulation and signaling in rice plants. 

 
ACKNOWLEDGMENT 

 
This study was funded by Universiti Kebangsaan 

Malaysia under grant Komuniti-2012-001. 
 

REFERENCES 
 

Adesemoye, A.O. and J.W. Kloepper, 2009. Plant-
microbes interactions in enhanced fertilizer-use 
efficiency. Appl. Microbiol. Biot., 85: 1-12. 

Al-Taweil, H.I.B., M. Osman, A.A. Hamid and W.M. 
Wan Yusoff, 2009. Development of microbial 
inoculants and the impact of soil application on 
rice  seedlings growth. Am. J. Agr. Biol. Sci., 4: 
79-82. 

Amprayn, K.O., T.R. Michael, M. Kecskés, L. Pereg, 
H.T. Nguyen and I.R. Kennedy, 2012. Plant growth 
promoting characteristics of soil yeast (Candida 
tropicalis HY) and its effectiveness for promoting 
rice growth. Appl. Soil Ecol., 61: 295-299. 

Anyia, A.O., D.J. Archambault and J.J. Slaski, 2004. 
Growth promoting effects of the diazotroph 
azorhizobium caulinodans on canadian wheat 
cultivars. Proceedings of the 4th International Crop 
Science Congress. Brisbane, Australia, 26 
September-1 October. 



 
 

Curr. Res. J. Bio. Sci., 5(6): 285-290, 2013 
 

288 

Ashrafuzzaman, M., F.A. Hossen, M.R. Ismail, M.A. 
Hoque, M.Z. Islam, S.M. Shahidullah and S. Meon, 
2009. Efficiency of Plant Growth-Promoting 
Rhizobacteria (PGPR) for the enhancement of rice 
growth. Afr. J. Biotechnol., 8: 1247-1252. 

Bacilio-Jiminez, S., S. Aguilar-Flores, E. Ventura-
Zapata, E. Perez-Campos, S. Bouquelet and E. 
Zenteno. 2003. Chemical characterization of root 
exudates from rice (Oryza Sativa L.) and their 
effects on chemotactic response of endophytic 
bacteria. Plant Soil, 249: 271-277. 

Bais, H.P., S.W. Park, T.L. Weir, R.M. Callaway and 
J.M. Vivanco, 2004. How plants communicate 
using the underground information superhighway. 
Trends Plant Sci., 9: 26-32. 

Banaay, C.G.B., V.C. Cuevas and C.M. Vera Cruz, 
2012. Trichoderma ghanense promotes plant 
growth and controls disease caused by pythium 
arrhenomanes in seedlings of aerobic rice variety 
apo. College Agriculture, University of 
Philippines, Los Banos, Laguna 4031, Philippines, 
ISSN: 0031-7454. 

Banayo, N.P.M., P.C.S. Cruz, E.A. Aguilar, R.B. 
Badayos and S.M. Haefele, 2012. Evaluation of 
bio-fertilizers in irrigated rice: Effects on grain 
yield at  different fertilizer rates. Agriculture, 2: 
73-86. 

Barraquio, W.L., J.K. Ladha, H.Q. Yao and I. 
Watanabe, 1986. Antigenic relationship of 
nitrogen-fixing pseudomonas strain H8 to various 
known cultures and rice rhizosphere isolates 
studied by indirect enzyme-linked immunosorbent 
assay (ELISA). Can. J. Microbiol., 32: 402-408. 

Bhattacharyya, P.N. and D.K. Jha, 2012. Plant Growth-
Promoting Rhizobacteria (PGPR): Emergence in 
agriculture. World J. Microbiol. Biotechnol., 28: 
1327-1350. 

Bilkay, I.S., Ş. Karakoc and N. Aksoz, 2010. Indole-3-
acetic acid and gibberellic acid production in 
Aspergillus niger. Turk. J. Biol., 34: 313-318. 

Blilou, I., J.A. Ocampo and J.M. García-Garrido, 2000. 
Induction of Ltp (Lipid Transfer Protein) and 
Pal (Phenylalanine ammonia‐lyase) gene 
expression in rice roots colonized by the arbuscular 
mycorrhizal fungus Glomus mosseae. J. Exp. 
Bot., 51: 1969-1977. 

Carreres, R. González Tomé, J. Sendra, R. Ballesteros, 
E. Fernández Valiente, A. Quesada, M. Nieva and 
F. Leganés, 1996. Effect of nitrogen rates on rice 
growth and biological nitrogen fixation. J. Agric. 
Sci., 127: 295-302. 

Cassan, F., R. Bottini, G. Schneider and P. Piccoli, 
2001. Azospirillum brasilense and Azospirillum 
lipoferum hydrolyze conjugates of GA20 and 
metabolize the resultant aglycones to GA1 in 
seedlings of rice dwarf mutants. Plant Physiol., 
125: 2053-2058. 

Choi, J.H., N. Abe, H. Tanaka, K. Fushimi, Y. Nishina, 
A. Morita, Y. Kiriiwa, R. Motohashi, 
D. Hashizume, H. Koshino and H. Kawagishi, 
2010. Plant-growth regulator, imidazole-4-
carboxamide, produced by the fairy ring forming 
fungus Lepista sordida. J. Agr. Food Chem. , 58: 
9956-9959. 

Compant, S., B. Duffy, J. Nowak, C. Clement and E.A. 
Barka, 2005. Use of plant growth-promoting 
bacteria for biocontrol of plant diseases: Principles, 
mechanisms of action and future prospects. Appl. 
Environ. Microbiol., 71: 4951-4959. 

Contreras-Cornejo, H.A., L. Macías-Rodríguez, C. 
Cortés-Penagos and J. López-Bucio, 2009. 
Trichoderma virens: A plant beneficial fungus 
enhances biomass production and promotes lateral 
root growth through an auxin-dependent 
mechanism in arabidopsis. Plant Physiol., 149: 
1579-1592. 

Contreras-Cornejo, H.A., L. Macías-Rodríguez, E. 
Beltrán-Peña, A. Herrera-Estrella and J. López-
Bucio, 2011. Trichoderma-induced plant immunity 
likely involves both hormonal- and camalexin-
dependent mechanisms in Arabidopsis thaliana and 
confers resistance against necrotrophic fungus 
Botrytiscinerea. Plant Signal Behav., 6: 1554-1563. 

Diem, G., M. Rougier, I. Hamad-Fares, J.P. Balandreu 
and Y.R. Dommergues, 1978. Colonization of rice 
roots by diazotroph bacteria. Environmental role of 
nitrogen-fixing blue-green algae and asymbiotic 
bacteria. In: Granhall, U. (Ed.), Ecol. Bull. 
(Stockholm), 26: 305-311. 

Doornbos, R.F., L.C. van Loon and P.A.H.M. Bakker, 
2012. Impact of root exudates and plant defense 
signaling on bacterial communities in the 
rhizosphere. A  review.  Agron. Sust. Dev., 32: 
227-243. 

Gopalakrishnan, S., H.D. Upadhyaya, S. Vadlamudi, P. 
Humayun, M.S. Vidya, G. Alekhya, A. Singh, R. 
Vijayabharathi, R.K. Bhimineni, M. Seema, A. 
Rathore and O. Rupela, 2012. Plant growth-
promoting traits of biocontrol potential bacteria 
isolated from rice rhizosphere. Springer Plus, 1: 71, 
DOI: 10.1186/2193-1801-1-71. 

Guimil, S., H.S. Chang, T. Zhu, A. Sesma, A. Osbourn, 
C. Roux, V. Ioannidis, E.J. Oakeley, M. Docquier, 
P. Descombes, S.P. Briggs and U. Paszkowski, 
2005. Comparative transcriptomics of rice reveals 
an ancient pattern of response to microbial 
colonization. Proc. Natl. Acad. Sci. USA., 102: 
8066-8070. 

Gujar, P.D., K.P. Bhavsar and J.M. Khire, 2013. Effect 
of phytase from Aspergillus niger on plant growth 
and mineral assimulation in wheat 
(Triticum aestivum Linn.) and its potential for use 
as a soil amendment. J. Sci. Food Agric., 93(9): 
2242-7. 



 
 

Curr. Res. J. Bio. Sci., 5(6): 285-290, 2013 
 

289 

Hajiboland, R., N. Aliasgharzad and R. Barzeghar, 
2009. Phosphorus mobilization and uptake in 
mycorrhizal rice (Oryza sativa L.) plants under 
flooded and non-flooded conditions. Acta Agric. 
Slov., 93: 153-161. 

Hurek, T., L.L. Handley, B. Reinhold-Hurek and Y. 
Piché, 2012. Azoarcus grass endophytes contribute 
fixed nitrogen to the plant in an unculturable state. 
Mol. Plant Microb. Interact., 15: 233-242. 

Hyakumachi, M., 1994. Plant growth fungi from turf 
grass rhizosphere with potential for disease 
suppression. Soil Microorgan., 44: 53-68. 

Isahak, A., A. Ahmad, A.B. Rosenani and H. Jamil, 
2012. SRI rice crop establishment. Trans. 
Malaysian Soc. Plant Physiol., 20: 20-20. 

Jha, Y. and R.B. Subramanian, 2012. Isolation of root 
associated bacteria from the local variety of rice 
GJ-. World Res. J. Geoinform., 1: 21-26. 

Jiang, X., A. Geng, N. He and Q. Li, 2011. New isolate 
of Trichoderma viride strain for enhanced 
cellulolytic enzyme complex production. J. Biosci. 
Bioeng., 111: 121-127. 

Khan, A.A., A.P. Sinha and Y.P.S. Rathi, 2005. Plant 
growth promoting activity of Trichoderma 
herzianum on rice seed germination. Indian J. 
Agric. Res., 39: 256-262. 

Kloepper, J.W., J. Leong, M. Teintze and M.N. 
Schroth, 1980. Enhanced plant growth by 
siderophores produced by plant growth-promoting 
rhizobacteria. Nature, 286: 885-886. 

Kumar, S.R.S. and K.V.B. Rao, 2012. Biological 
nitrogen fixation: A review. Int. J. Adv. Life Sci., 
1: 1-6. 

Li, W., M. Fang, Z. Shujuan and Z. Xue, 2011. Effect 
of glomus mosseae inoculation on growth and 
reproduction of rice. Proceeding of the 
International Conference on Information 
Technology and Agricultural Engineering (ICITAE 
2011). Sanya, China. 

Malik, K.A., B. Rakhshanda, M. Samina, G. Rasul, 
M.S. Mirza and S. Ali, 1997. Association of 
nitrogen-fixing, plant-growth-promoting 
rhizobacteria (PGPR) with kallar grass and rice. 
Plant Soil, 194: 37-44. 

Mehnaz, S. and G. Lazarovits, 2006. Inoculation effects 
of Pseudomonas putida, Gluconacetobacter 
azotocaptans and Azospirillum lipoferum on corn 
plant growth under greenhouse conditions. Microb. 
Ecol., 51: 326-35. 

Mehnaz, S., M. Sajjad Mirza, H. Jacqueline, B. Rene, 
N. Philippe, B. Asghari and A.M. Kauser, 2000. 
Isolation and 16S rRNA sequence analysis of the 
beneficial bacteria from the rhizosphere of rice. 
Can. J. Microbiol., 4: 110-117.  

Mia, M.A.B., Z.H. Shamsuddin and M. Mahmood, 
2012. Effects of rhizobia and plant growth 
promoting bacteria inoculation on germination and 
seedling vigor of lowland rice. Afr. J. Biotechnol., 
11: 3758-3765. 

Mishra, D.S. and A.P. Sinha, 2000. Plant growth-
promoting activity of some fungal and bacterial 
agents on rice seed germination and seedling 
growth. Trop. Agric., 77: 188-191. 

Mohammadinejhad-Babandeh, S.N., H.R. Doroodian 
and H. Besharati, 2012. Effect of bio-bacterial 
(Azetobacter, Azorhizobioum, Azospirilium) on 
yield and yield components of rice in Bandar-
Anzali, North of Iran. Res. J. Biol. Sci., 7: 244-249. 

Nayak, D.N., J.K. Ladha and I. Watanabe, 1986. The 
fate of marker Azospirillum lipoferum inoculated 
into rice and its effect on growth, yield and 
N2 fixation of plants studied by acetylene 
reduction, 15N2 feeding and 15N dilution techniques. 
Biol. Fertil. Soils, 1: 7-14. 

Nenwani, V., P. Doshi, T. Saha and S. Rajkumar, 2010. 
Isolation and characterization of a fungal isolate for 
phosphate solubilization and plant growth 
promoting  activity.  J.  Yeast  Fungal  Res., 1: 
009-014. 

Park, M., C. Kim, J. Yang, H. Lee, W. Shin, S. Kim and 
T. Sa, 2004. Isolation and characterization of 
diazotrophic growth promoting bacteria from 
rhizosphere of agricultural crops of Korea. J. 
Micres., 160: 127-133. 

Pedraza, R.O., C.H. Bellone, S.C. de Bellone, P.M.F.B. 
Sorte and K.R. dos Santos Teixeira, 2009. 
Azospirillum inoculation and nitrogen fertilization 
effect on grain yield and on the diversity of 
endophytic bacteria in the phyllosphere of rice 
rainfed crop. Eur. J. Soil Biol., 45: 36-43. 

Peters, N.K. and D.P.S. Verma, 1990. Phenolic 
compounds as regulators of gene expression in 
plant-microbe interactions. Mol. Plant-Microb. 
Interact., 3: 84-88.  

Rawat, R. and L. Tewari, 2011. Effect of abiotic stress 
on phosphate solubilization by biocontrol fungus 
Trichoderma sp. Curr. Microbiol., 62: 1521-1526. 

Rediers, H.,V. Bonnecarrere, P.B. Rainey, K. Hamonts, 
J. Vanderleyden and R. De Mo, 2003. 
Development and application of a DapB-based in 
vivo expression technology system to study 
colonization of rice by the endophytic nitrogen-
fixing bacterium pseudomonas stutzeri A15. Appl. 
Environ. Microbiol., 69: 6864-6874. 

Reinhold-Hurek, B. and T. Hurek, 1997. Azoarcus spp. 
and their interactions with grass roots. Plant Soil, 
194: 57-64. 

Rodríguez, H. and R. Fraga, 1999. Phosphate 
solubilizing bacteria and their role in plant growth 
promotion. Biotechnol. Adv., 17: 319-339. 

Ruíz-Sánchez, M., E. Armada, Y. Munoz, I.E.G. de 
Salamone, R. Aroca, J.M. Ruíz-Lozano and R. 
Azcón, 2011. Azospirillum and arbuscular 
mycorrhizal colonization enhance rice growth and 
physiological traits under well-watered and drought 
conditions. J. Plant Physiol., 168: 1031-1037. 



 
 

Curr. Res. J. Bio. Sci., 5(6): 285-290, 2013 
 

290 

Sakthivel, N. and S.S. Gnanamanickam, 1987. 
Evaluation of Pseudomonas fluorescens for 
suppression of sheath rot disease and for 
enhancement of grain yields in rice (Oryza sativa 
L.). Appl. Environ. Microbiol., 53: 2056-2059. 

Saravanakumar, K., V.S. Arasu and K. Kathiresan, 
2013. Effect of trichoderma on soil phosphate 
solubilization and growth improvement of 
Avicennia marina. Aqat. Bot., 104: 101-105. 

Secilia, J. and D.J. Bagyaraj, 1992. Selection of 
efficient vesicular-arbuscular mycorrhizal fungi for 
wetland rice(OryzasativaL.). Biol. Fertil. Soils, 13: 
108-111. 

Secilia, J. and D.J. Bagyaraj, 1994. Selection of 
efficient vesicular-arbuscular mycorrhizal fungi for 
wetland rice: A preliminary screen. Mycorrhiza, 
46: 265-268. 

Six, J., S.D. Frey, R.K. Thiet and K.M. Batten, 2006. 
Bacterial and fungal contributions to carbon 
sequestration in agro-ecosystems. Soil Sci. Soc. 
Am. J., 70: 555-569. 

Shukla, N., R.P. Awasthi, R. Laxmi and J. Kumar, 
2012. Biochemical and physiological responses of 
rice (Oryza sativa L.) as influenced by 
Trichoderma harzianum under drought stress. Plant 
Physiol. Biochem., 54: 78-88. 

Smith, S.E., F.A. Smith and I. Jakobsen, 2003. 
Mycorrhizal fungi can dominate phosphate supply 
to plants irrespective of growth responses. Plant 
Physiol., 133: 16-20.  

Solaiman, M.Z. and H. Hirata, 1997. Effect of 
arbuscular mycorrhizal fungi inoculation of rice 
seedlings at the nursery stage upon performance in 
the paddy field and  greenhouse. Plant  Soil, 191: 
1-12. 

Sreenivasaprasad, S. and K. Manibhushanrao, 1990. 
Antagonistic potential of Gliocladium virens 
and Trichodermalongibrachiatum to phytopath 
ogenic fungi. Mycopathologia, 109: 19-26. 

Tien, T.M., M.H. Gaskins and D.H. Hubbell, 1976. 
Plant growth substances produced by Azospirillum 
brasilense and their effect on the growth of pearl 
millet (Pennisetum americanum L.). Appl. 
Environ. Microbiol., 37: 1016-1024. 

Tsavkelova, E.A., S. Yu, Klimova, T.A. Cherdyntseva 
and A.I. Netrusov, 2005. Microbial producers of 
plant growth stimulators and their practical use: A 
review. Prikl. Biokhim. Mikrobiol., 42: 117-126. 

Vahed, H.S., P. Shahinrokhsar and F. Heydarnezhad, 
2012. Performance of phosphate solubilizing 
bacteria for improving growth and yield of rice 
(Oryza Sativa L.) in the presence of phosphorus 
fertilizer. Int. J. Agri. Crop. Sci., 4: 1228-1232. 

Vessey, J.K., 2003. Plant growth promoting rhizoba 
cteria as biofertilizers. Plant Soil, 255: 571-586. 

Vyas, P. and A. Gulati, 2009. Organic acid 
production in vitro and plant growth promotion in 
maize under controlled environment by phosphate 
solubilizing Fluorescent pseudomonas. BMC 
Microbiol., 9: 174. 

Wahyudi, A.T., R.I. Astuti and Giyanto, 2011. 
Screening of Pseudomonas sp. isolated from 
rhizosphere of soybean plant as plant growth 
promoter and biocontrol agent. Am. J. Agr. Biol. 
Sci., 6: 134-141.  

Xie, C.H. and A. Yokota, 2006. Zoogloea oryzae sp. 
nov., a nitrogen-fixing bacterium isolated from rice 
paddy soil and reclassification of the strain ATCC 
19623 as Crabtreella saccharophila gen. nov., sp. 
nov. Int. J. Syst. Evol. Microbiol., 56: 619-624. 

Xu, F., J. Hu, S. Wu and M.H. Wong, 2013. Grain yield 
and arsenic uptake of upland rice inoculated with 
arbuscular mycorrhizal fungi in as-spiked soils. 
Environ. Sci. Pollut. Res. Int., DOI: 
10.1007/s11356-012-1440-9. 

Yani, Y.G., R.Y. Rizk, F.K. Abd El-Fattah, A. 
Squartini, V. Corich, A. Giacomini, F. de Bruijn, J. 
Rademaker, J. Maya-Flores, P. Ostrom, M. Vega-
Hernandez, R.I. Hollingsworth, E. Martinez-
Molina, P. Mateos, E. Velazquez, J. Wopereis, E. 
Triplett, M. Umali-Garcia, J.A. Anarna, B.G. 
Rolfe, J.K. Ladha, J. Hill, R. Mujoo, P.K. Ng 
and F.B. Dazzo, 2000. The beneficial plant growth-
promoting association of Rhizobium 
leguminosarum bv. trifolii with rice roots. Aust. J. 
Plant Physiol., 28: 845-870. 

Yeasmin, T., P. Zaman, A. Rahman, N. Absar and N.S. 
Khanum, 2007. Arbuscular mycorrhizal fungus 
inoculum production in rice plants. Afr. J. Agric. 
Res., 2: 463-467. 

Zhang, S.J., L. Wang, F. Ma, X. Zhang, Y.N. Xu and Z. 
Li, 2012. Effects of mycorrhiza alone with or 
without nitrogen and phosphate on rice dry matter 
production and distribution. J. Harbin Inst. 
Technol., 44: 33-36.  

Zhang, X.H., Y.G. Zhu, B.D. Chen, A.J. Lin, S.E. 
Smith and F.A. Smith, 2005. Arbuscular 
mycorrhizal fungi contribute to resistance of 
upland rice to combined metal contamination of 
soil. J. Plant Nutr., 28: 2065-2077. 

 
 
 
 
 
 

 
 


