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Abstract 

The excessive applications of chemical fertilizer to improve land fertility and to increase crop yield often lead to 

unanticipated detrimental ecological effects which includes surface overflow in phosphorus, nitrogen and 

leakage of nitrates into ground water. They are involved in basic activities which make sure the stability and 

efficiency of both of the natural ecosystem and agriculture system. There is a strong emerging business for 

microbial inoculants globally now a day’s these bacteria mainly belonging to genera Azospirillium and 

Rhizobium flourish within the plant effectively colonizing all parts of plant. Through the union the attacking 

bacteria provide benefits to the host with a noticeable rise in plant strength, yield and growth. Uses of 

advantageous microbes as a bio-fertilizer has dynamic significance in agriculture field for their credible role in 

the food protection and sustainable crop yield. These bio-friendly plant growth promoting rhizobacteria (PGPRs) 

occurring in rhizosphere can produce growth enhancing substances in large quantities that can directly or 

indirectly manipulate the general morphology of the plants. They offer a reasonably attractive and ecologically 

good method for providing nutrient to the plant. Though Chemical fertilizers are easily accessible with good 

transport facility but extreme and extended use of the chemical fertilizer is a growing problem with some 

harmful effects on the environment, that is, decreased productivity, soil fertility and soil structure. The nonuseful 

effects of chemical fertilizer can be reduced by taking up manure or organic fertilizer. Moreover, biofertilizers 

due to its low cost have attracted small farmers. This review focuses on the useful aspects of biofertilizers in 

order to promote their use and avoid the detrimental effects of chemical fertilizers. 
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Introduction 

Environmental stresses are becoming important 

problems resulting in extraordinary decline in crop 

yield. Our excessive use of chemical fertilizers and 

insecticides has supported the progress in 

manufacturing these lethal chemicals, which are risky 

for human utilization and also have adverse effects on 

environmental balance (Bhardwaj et al., 2014). 

 

Due to progress in agriculture industry over the past 

decades producers has become highly dependent on 

the use of agro-chemicals as a comparatively 

consistent method of crop protection, to ensure their 

economics strength. With the increase of world’s 

population, the worldwide rise in rice utilization has 

exerted an increased pressure on our deteriorating 

cultivated land (FAO, 2009) however, intensive use of 

chemical fertilizers to increase crop production has 

caused some adverse impact, i.e growth of pathogen 

confrontation to the applied agents and their non-

target ecological impact (Compant, 2005). To meet 

this demand, high yielding varieties are being 

developed, which requires excessive application of 

phosphorus (P) and Nitrogen (N) fertilizer (Hazell, 

2010). The excessive use of chemical fertilizers to 

enhance crop yield can have detrimental effects over 

the natural biogeochemical cycle (Perrott et al., 1992). 

In past few decades, the degree of phosphorus, 

potassium (NPK) and nitrogen fertilizer application 

has risen enormously. In 2006, three countries i.e. 

India, USA and china were reported to be highest 

consumers of chemical fertilizers, they are consuming 

21.65,20.83,50.15 million tons of NPK fertilizer, 

correspondingly as reported by the international 

fertilizer industry association (Ademosoye et al., 

2009 a). Fertilizers are vital element of contemporary 

farming because they are providing essential nutrition 

to plant. However overuse of this fertilizer can cause 

unanticipated environmental effect (Malakoof, 1998). 

 

For decrease in poverty and rise of prosperity in 

developing countries to feed billions of people 

development in agriculture can be a useful tool. The 

increased demand for food leads to production of 

genetically modified crops, elevated transportation 

rates, biofuel production and climate change, creating 

high risk of food safety in the population (Singh et al., 

2018; Tiwari et al., 2018). 

 

Products based on plant growth-promoting 

rhizobacteria (PGPR), or plant growth-promoting 

bacteria (PGPB) for use in agriculture have obtained 

extensive attention in current years (Pastor-Bueis et 

al., 2017). When used appropriately these kind of 

products lead to an increase in crop yields which 

results in a less need for chemicals (Bhardwaj et al., 

2014). This technology is well-matched with, and may 

be corresponding to, conventional technologies based 

on mineral, synthetic or organic products. ultimately, 

microorganism-based products could somewhat or 

even totally replace conventional agricultural products. 

 

Chemical fertilizer have a high amount of phosphorus 

and nitrogen, which have large negative effect on 

ground and surface water and lead to water resources 

related problems. Draining of elemental composition 

from the soil level to the ground water contaminates 

the natural habitat through formation of particulate 

matter and enhancing unwanted microbial growth 

(Meena and Busi, 2019).  

 

However, micro-organisms do not possess any toxic 

effects on the environment and crops, they have 

specific destruction characteristics of the targeted 

insects. Through their use the development of 

immunity has been found to be low in insect, insects 

which are not destroyed by the normal pesticides can 

also be controlled using microorganism based 

products they are safe for the beneficial pest of the 

cultivation. Agricultural microbiology is concerned 

with the relationship between microbes and crops 

with an emphasis on improving yields and 

minimizing plant diseases. (Sharma et al., 2019) This 

review aims on highlighting the importance of use of 

biofertilizers and their significant role in decreasing 

soil contamination.  

 

Use of Microbes  

Organic farming is an eco-friendly strategy ensuring 

food safety as well as enhancing biodiversity of land 

(Megali et al., 2013). 
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The supplementary benefits of bio fertilizers contain 

longer shelf lives which do not cause opposing effect 

to environment (Shoo et al., 2014). From last few 

years a huge range of microbes including species of 

Azospirillum, Klebsiella. Enterobacter, 

Pseudomonas, Arthobacter, Serratia Buekholderia, 

Azotobacter, Alcaligens, and Bacillus have reported 

to increase plant growth (Kloepper et al., 1989). 

 

Plant beneficial microorganisms are of concern for 

application in agriculture as bio fertilizers or as 

pesticides as well as for phytoremediation 

applications (Compant, 2010). 

 

Table 1. Beneficial microbial genera. 

Symbiotic Non symbiotic Free living 

Rhizobium sp. Azotobacter Azospirillum 
Mesorhizobium Azospirillum Enterobacter 
Bradyrhizobium Bacillus Klebsiella 
Azorhizobium Klebsiella sp Pseudomonas 
Allorhizobium   

 

Source: (Hayat et al., 2010) 

 

Microbial growth and activity is mainly intense in the 

rhizosphere. this is indicated by the number of 

microbes that are present around the roots of plant 

and they are mostly 10 to 100 times more than in the 

bulk soil (Weller and Thomashow, 1994). Rhizobium 

and azospirillum are well considered example for 

plant development promotion. Pseudomonas, 

Serratia, Streptomyces, Stenotrophomonas, Bacillus 

and the fungal genera Ampelomyces, Trichoderma 

and Coniothyrium are representative organism to 

demonstrate effect on plant health (Berg, 2009).  

 

These microorganisms flourish inside the plant, 

efficaciously inhabiting stem, root and leaf during the 

connotation, the invading microbes welfares the host 

with an obvious enhancement in plant growth, yield 

and vigor (Bhattacharje et al., 2008). The different 

genetic and functional activities of the widespread 

bacterial populations havea serious influence on soil 

function, based on the fact that microbes are pouring 

forces for essential metabolic processes including 

specific enzyme activities (Nannipieri et al., 2003). 

Plant and microbial connections in the rhizosphere 

are the determinants of plants health and soil 

productiveness (Hayat et al., 2010). 

The concentration of microbes (per gram for soil) that is 

present adjacent the root of plant is usually more than 

the microbes population or concentration.in the other 

part of the soil. (Lynch, 1990). This apparently reflects 

the existence of elevated level of nutrients that are 

present in the region just about the root and able to 

support microbial development and metabolism 

(Koeppler, 1988) 

 

Among rhizobacteria there is an incline of root 

immediacy and relationship as follows. 

• Metabolites released from roots as N and C sources 

are used by bacteria living in the vicinity of roots 

• Bacteria inhabiting the rhizoplane. 

• Bacteria dwelling in root tissue, populating spaces 

among cortical cells. 

• Bacteria existing within the cells in specific root 

structures, or nodules (Gray, 2005) 

 

Table 2. Plants that form symbiotic association with 

rhizobacteria. 

Scientific name Plant 

Pisumsativum Pea 

Medicago sativa Alfalfa 

Phaseolus vulgaris Beans 

Glycine max Soybean 

Lens culinaris Lentil 

Arachis hypogeal Peanut 

Acacia sp Acacia 

Trifolium sp Clover 
 

Source: (Gray and Smith, 2005) 

 

Microbial V/S Chemical Fertilizers 

(Berg et al., 2009) reported that bacterial inoculants 

have numerous benefits: 

• They are harmless. 

• They cause potentially smaller hazard wellbeing 

and cause less ecological harms 

• Show more besieged actions. 

• They are more powerful and less expensive. 

• Reproduce themselves but managed by the other 

plant and native microbial population. 

• Decay rapidly as compared to the usual chemical 

insecticides. 

• Many mechanisms are cause of reduction in 

resistance development. 

• They are used in integrated pest management 

systems. 
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PGPR have three basic characteristics 

1) The first property should be obliged to inhibit the 

plant root system. 

2) in contrast to other microbiota they must live and 

develop in microhabitats linked with the root exterior, 

in any case for the time required to put across their 

plant enhancing and safety activities 

3) they are obliged to encourage plant development.  

 

Mechanism and Advantages of PGPR 

seedling growth, nutrient cycling and biological 

management of plant pathogens are the most 

important environmental processes that are known to 

be promoted by PGPR (Persello-Cartieaux et al., 

2003) direct promotion by the PGR either supply the 

plant with the plant development substance 

processed by the microorganism or help in the 

absorption of specific plant nutrients from the 

suurroundings. The indirect promotion of plant 

development by PGPR involve reducing the harmful 

outcome of one or morephytopathogenic microbes. 

(Ahmad et al., 2008) PGPR acts as biocontrol agents 

in many of the indirect processes of plant growth 

enhancement. Major mechanisms of biological 

control through which plant growth promotion occurs 

are introduction of systemic resistance, antibiosis 

struggle for nutrients and niches and by dropping the 

level of disease (Lugtenberg et al., 2009). 

 

Enhancement in root growth, belated leaf senescence, 

germination time, tolerance to famine, increase in 

yield involving grain, magnesium levels, leaf region,  

 

protein content chlorophyll level, nitrogen content, 

shoot and root mass and hydraulic activity are some 

of the plant development advantages due to the 

addition of PGPR. Biocontrol is also a main advantage 

of PGPR use is disease resistance in the plant. (Lucy 

et al., 2004). 

 

The exact mechanisms of how PGR enhances the 

plant development and not fully recognized up till 

now, however the potential explanation involve 1) The 

capacity to produce ACC(1-Aminocycloprapane-1- 

carboxylic acid) deaminase to lessen the ethylene 

content in roots of the growing plants thus raising the 

root span and expansion (Dey et al., 2004). The PGR 

have been spitted into two groups one group indulge 

in nutrient cyling and phytostimulation. The other 

one is responsible for biological control of plant 

parasites (Holguin and Bashan, 1998). 

 

PGR mediated plant growth is done by changing the 

overall microbial population in rhizophere niche by 

producing the variety of substances (Parray et al., 

2016). Some bacteria goes in the inner part of the root 

to develop endophytic population along with the 

power to fiddle with the niche and are helpful for host 

plants (Compant et al., 2005). Some bacteria increase 

root surface area, thus giving a greater value of 

nutrients absorption and it successively promote 

plant production. 

Table 3. Plant growth regulators (PGRS) produced by Rhizobacteria. 

PGPR PGR Crop References 

Pseudomonas putida GR12-2 ACC deaminase Tomato Patten 2002 

Rhizobacterial isolates Auxin Rice and wheat Khalid et al 2001 

PGPR strain Ha 21 Auxin Wheat Khalid et al 2004 

Azospirillum Pectinase Wheat Kloepper 1989 

Azospirillum brasilense Auxin Pearl millet Loon 2007 

P fluorescens WCS 365 Auxin Raddish Lugtenberg 2009 

Bacillus pumilis Gibberlic acid Alnusglutinosa Mohanty 2017 

Rhizobium leguminosarum ACC deaminase Common bean Mohanty 2017 

Pseudomonas fluorescens IAA Black currant cutting Patten 1996 

Azotobacter Indole 3 acetic acid (IAA) Maize Zahir et al 2000 

Pseudomonad synxantha strain R81 Phosphate solubilization Litchi Visen et al 2017 

Paenibacillus polymyxa L6 Auxin Lodgepole pine Weyens et al 2009 
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Table 4. Methods for development of plant microbial 

symbiotic relationship by free living microbes. 

Mechanisms Example 

Plant growth promoters 

Increase of plant 
suspectibility to the 
symbiont or increasing in 
the infections caused by 
symbiont 

Nutrition 

increasing the accessibility 
of nutrition that can 
enhance the effectiveness 
of the symbiosis 

Biocontrol 

manageing the plant 
infections that effect 
vascular function and root 
density which can 
decrease locations or 
substrate for symbiont 
infection  

 

Source: (Kloepper et al., 1989) 

 

Table 5. Manufacture of principle organic acids by 

phosphate solubilizing bacteria. 

Phosphate solubilizing 
bacteria 

Acid References 

Enterobacterinter 
medium 

2-ketogluconic 
acid 

Hoon et al 
2003 

Panibacillusmacerans 
Isobutyric acid 

Vazquez et 
al 2000 

Bacillus firmus Succinic acid and 
2-ketogluconic 
acid 

Banick and 
Dey 1982 

Pseudomonas striata tartaric,fumaric 
and Succinic acid 

Gaur 1990 

Phosphobacterins Glyoxalic and 
maleic acid 

Sundara et 
al 2002 

Bacillus polymyxa 
Citric, oxalic acid 

Gupta et al 
1994 

 

Table 6. Significant species of phosphate solubilizer. 

Microorganisms References 

Bacillus Illmer and schinner 1992 
Burkholderia Oliveira et al 2009 
Aspergillus Motsara et al 1995 
Penicillium Motsara et al 1995 
Rhizobium Whitelaw 2000 
Enterobacter Whitelaw 2000 
Pseudomonas Illmer and schinner 1992 
Bacillus circulans Mohammadi et al 2012 
Bacillus subtilis Mohammadi et al 2012 
Pseudomonas striata Mohammadi et al 2012 

 
N2 fixing bacteria 

Major metabolic processes like synthesis of proteins, 

DNA and RNA , chlorophyll and cellular production 

of enzymes require nitrogen therefore it is considered 

as critical compound in enhancing the plant 

development and manufacture of food and feed. 

Elemental N2 is fixed by nitrogenize in 

rhizobialbacteroids through symbiotic fixation to 

supply nitrogen for modulating legumes. This 

mechanism of (BNF) biological nitrogen fixation is 

responsible to supplying 65% of the nitrogen 

presently consumed by farming and in future it will 

be considered significant for sustainable crop 

manufacture method (Mstiru and Dakora, 2004). 

 

Mineralization in organic nitrogen to ammonium 

(NH4+) by microbial driven processes and its 

succeeding nitrification to nitrate (NO3-) is an 

important key to nitrogen accessibility and has 

manipulated rhizosphere dynamics and root behavior. 

Although organic forms of Nitrogenare typically known 

to be rule plant uptake (Richardson et al., 2009). 

 

Examples of free living fixing bacteria are obligate 

aerobes, cyanobacteria (Azotobacter) obligate 

anaerobes (Clostridium pasteurianum) some 

methanogens photosynthetic bacteria (Rhodobacter) 

and facultative anaerobes (Mohammadi et al., 2012). 

In most cases bacteria settle only on the surface of the 

root and remain defenseless to competition from 

other rhizosphere micro-organisms, even when the 

nitrogen-fixing microbes are endophytic advantages 

to the plant might be a result from enhanced 

acceptance of soil nutrients and not from endophytic 

nitrogen fixation (Cocking et al., 2003). 

 

Phosphorus Solubilizing Bacteria  

Alternative method recommended for plant growth 

encouragement by beneficial microbes is conversion 

of natural phosphorus elements or solubilization of 

inorganic phosphorus elements (Kloepper, 1989) for 

plant development and expansion of phosphorus is 

the highly significant macronutrients (Ehrlich, 1990). 

It exists at the level of 400-1200mg/kg of soil. 

Organic and inorganic phosphorus are the two types 

in which elemental phosphorus occur in soil. A 

significant characteristic of a PGPR in growing plant 

productivity is the change of insoluble inorganic and 

organic phosphorus in the varieties available to the 

plant (Hayat, 2010) even though organic and 

inorganic phosphorus is abundant in land. 
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It is the leading and more important cause for the 

plant growth in contrast to other chief compounds. 

Phosphorus is the least transportable and accessible 

to flora in the most soil situation (Khan et al., 2007). 

 

Plants get P as the source of orthophosphate anions 

(mainly as H2PO41- and HPO42-) from the soil 

solution. The absorption of orthophosphate in 

solution is little approximately (1 to 5 um) in the 

majority of the soil and it should be restocked from 

other pools of soil phosphorus to the suit plant 

necessity (Richardson et al., 2009) the consumption 

of PSB in farming would equalize the high cost of 

manufacturing phosphate fertilizer and also insoluble 

particle in the fertilizer and soil to which they will be 

applied. (Chang and Yang, 2009). The manufacture of 

organic acids is thought to be the primary method for 

inorganic phosphate solubilization in microbes. That 

assumption has been reinforced by the replication of 

two genes involved in gluconic acid production: gabY 

genes and PQQ synthase (Mariano et al., 2001) 

 

Phytostimulators 

Development of plant is directly encourage by the 

phytostimulators, generally by the manufacturing of 

hormone (Bloemberg et al., 2001) plant growth 

promotingrhizobacteria produce phytohormones like 

cytokinins, ethylene, auxins and gibberllins help to 

influence cell propagation in root structure due to the 

excessive production of root hairs and side root and 

by increasing of the water and nutrient uptake (Gupta 

et al., 2015) Auxinindole 3 acetic acid (IAA). Most 

studied phytohormone produced by plant related 

bacteria, add to the plant growth and expansion 

(Vessey, 2003). Manufacturing of indole acetic acid is 

the basic characteristics of PGPR and these bacteria 

are useful to act against the salinity stress in plant. 

Change have been observed in the morphology of 

plant roots repeatedly upon Azospirillum inoculation 

have been credited to the fabrication of plant growth 

encouraging ingredient, gibberellins and cytokinins 

with auxin manufacture have been quantitatively the 

major one (Spaepen et al., 2008). 

Conclusions 

The consumption of chemical fertilizers and compost 

cannot be replaced currently without considerably 

reducing food production. The destructive ecological 

side-effect of the use of compost, for example the 

increasing dead region of aquatic system. Globally it 

may cannot go unabated. Organic fertilizer enhanced 

agriculture production but it is very expensive and 

damage ecosystem. It exhausts non-renewable energy 

through side- effect, devastating microorganisms and 

friendly insects, leakage and polluting water basins 

and declining soil productiveness thus causing 

irreversible damage to the whole system. There is 

extensive date that certain bacteria have ability to 

inhabit the root- soil environment where they 

perform a range of collaborative processes this review 

specify the expansion and preparations of PGPRS in 

biological enhancement of various attributes of florae 

development actions knows to advantage plants 

augmentation and health. Because it recognized that 

suitable administration of target obliging bacterial 

actions can lower the utilization of energy and 

chemical. The help of bio fertilizer is very important 

as they solve the difficulties of malnutrition of the 

growing global population where the farming is 

passing from very hard time and facing a diversity of 

environmental pressure.it is necessary to understand 

the importance of bio fertilizer and execute their 

usefulness to the current farming practices. 

 

Acknowledgments 

No acknowledgements 

 

References 

Adesemoye AO, Kloepper JW. 2009. Plant–

microbes interactions in enhanced fertilizer-use 

efficiency. Applied Microbiology and Biotechnology 

85, 1-12. 

 

Ahmad F, Ahmad I, Khan MS. 2008. Screening 

of free-living rhizospheric bacteria for their multiple 

plant growth promoting activities. Microbiol Research 

163, 173-181. 

 

Alan E, Richardson, Barea JM, McNeill AM, 

Combaret CP. 2009. Acquisition of phosphorus and 

nitrogen in the rhizosphere and plant growth promotion 

by microorganisms. Plant Soil 321, 305-339. 



 

195 Kalsoom et al.  
 

Int. J. Biosci. 2022 

Babalola OO. 2010. Beneficial bacteria of agricultural 

importance. Biotechnology Letters 32, 1559-1570. 

 

Banik S, Dey BK. 1982. Available phosphate 

content of an alluvial soil as influenced by inoculation 

of some isolated phosphate solubilizing 

microorganisms. Plant Soil 69, 353-364. 

 

Barea JM, Pozo MJ, Azco´n R, Azco´n-Aguilar 

C. 2005. Microbial co-operation in the rhizosphere. 

Journal of Experimental Botany 56, 1761-1778. 

 

Bashan Y, Holguin G. 1998. Proposal for the 

division of plant growth-promoting rhizobacteria into 

two classifications: Biocontrol-PGPB (plant growth-

promoting bacteria) and PGPB. Soil Biology and 

Biochemistry 30, 1225-1228. 

 

Berg G. 2009. Plant–microbe interactions 

promoting plant growth and health: perspectives for 

controlled use of microorganisms in agriculture. 

Applied Microbiology and Biotechnology 84, 11-18. 

 

Bhardwaj D, Ansari MW, Sahoo RK, Tuteja N. 

2014. Biofertilizers function as key player in sustainable 

agriculture by improving soil fertility, plant tolerance 

and crop productivity. Microbial Cell Factories 13, 66. 

 

Bhattacharjee RB, Singh A, Mukhopadhyay SN. 

2008. Use of nitrogen-fixing bacteria as biofertiliser for 

non-legumes: prospects and challenges. Applied 

Microbiology and Biotechnology 80, 199-209. 

 

Bhattacharyya PN, Jha DK. 2012. Plant growth-

promoting rhizobacteria (PGPR): emergence in 

agriculture. World Journal of Microbiology and 

Biotechnology 28, 1327-1350. 

 

Bloemberg GV, Lugtenberg BJJ. 2001. 

Molecular basis of plant growth promotion and 

biocontrol by rhizobacteria. Current Opinion in Plant 

Biology4, 343-350. 

 

Burr TJ, Caesar A. 1984. Beneficial plant bacteria. 

Critical Reviews in Plant Sciences 2, 1-20. 

Chang CH, Yang SS. 2009. Thermo-tolerant 

phosphate-solubilizing microbes for multi-functional 

biofertilizer preparation. Bioresource Technology 

100, 1648-1658. 

 

Cocking AC. 2003. Endophytic colonization of 

plant roots by nitrogen-fixing bacteria. Review of 

Plant and Soil 252, 169-175. 

 

Compant S, Clément C, Sessitsch A. 2010. Plant 

growth-promoting bacteria in the rhizo- and 

endosphere of plants: Their role, colonization, 

mechanisms involved and prospects for utilization. 

Soil Biology and Biochemistry 42, 669-678. 

 

Compant S, Duffy B, Nowak J, Clément C, 

Barka EA. 2005. Use of plant growth promoting 

bacteria forBiocontrol of Plant Diseases: Principles, 

Mechanisms of Action, and Future Prospects. Applied 

Environmental Microbiology 71, 4951. 

 

Compant SW, Duffy B, Nowak J, Clement C, 

Barka EA. 2005. Use of plant growth-promoting 

bacteria for biocontrol of plant diseases: principles, 

mechanisms of action, and future prospects. Applied 

and Environmental Microbiology 71, 4951-4959. 

 

Davison J. 1988. Plant beneficial bacteria. Bio/ 

Technology 6, 282-286. 

 

Dobbelaere S, Vanderleyden J, Okon Y. 2003. 

Plant Growth-Promoting Effects of Diazotrophs in 

the Rhizosphere. Critical Reviews in Plant Sciences 

22, 107-149.  

 

Ehrlich HL. 1990. Geomicrobiology, 2nd edn. 

Dekker, New York, 646. 

 

Food and Agriculture Organizations of the 

United Nations (FAO). 2009. The State of Food 

and Agriculture. Rome: United Nations. 

 

Gaur AC. 1990. Phosphate solubilizing 

microorganisms as biofertilizers, Omega Scientific 

Publisher, New Delhi, p. 176 



 

196 Kalsoom et al.  
 

Int. J. Biosci. 2022 

Ghany TMA, Alawlaqi MM, Abboud MAA. 2013. 

Role of biofertilizers in agriculture: a brief review. 

Mycopathology 11, 95-101. 

 

Glick BR, Todorovic B, Czarny J, Cheng Z, 

Duan J, Mc Conkey B. 2007. Promotion of 

plantgrowth by bacterial ACC deaminase. Critical 

Reviews of Plant Sciences 26, 227-224. 

 

Glick BR. 1995. The enhancement of plant growth 

by f ree living bacteria. Canadian Journal of 

Microbiology 41, 109- 117.  

 

Goldstein AH, Rogers RD, Mead G. 1993. Mining 

by microbe. Bioresource Technology 11, 1250-1254. 

 

Gray EJ, Smith DL. 2005. Intracellular and 

extracellular PGPR: commonalities and distinctions 

in the plant–bacterium signaling processes. Soil 

Biology & Biochemistry 37, 395-412. 

 

Grayston SJ, Vaughan D, Jones D. 1996. 

Rhizosphere carbon flow in trees, in comparison with 

annual plants: The importance of root exudation and 

its impact on microbial activity and nutrient 

availability. Applied Soil Ecology 5, 29-56. 

 

Gupta G, Parihar S, Kumar AN, Sand KS, Singh 

V. 2015. Plant Growth Promoting Rhizobacteria 

(PGPR): Current and Future Prospects for 

Development of Sustainable Agriculture. Journal of 

Microbiology and Biochemical Technology 7, 96-102. 

 

Gupta RR, Singal R, Shanker A, Kuhad RC, 

Saxena RK. 1994. A modified plate assay for secreening 

phosphate solubilizing microorganisms. Journal of 

General and Applied Microbiology 40, 255-260. 

 

Hayat R, Ali S, Amara U, Khalid R, Ahmed I. 

2010. Soil beneficial bacteria and their role in plant 

growth promotion: a review. Annals of Microbiology 

60, 579-598 

 

Hazell PBR. 2010. Asia’s green revolution: Past 

achievement, and future challenges. In: Pandey S, 

Byerlee D, Dawe D, Doberman A A, Mohanty S, Rozell 

S, Hardy B B. Rice in the Global Economy: Strategic 

Research and Policy Issues for Food Security. Los 

Banos, the Philippine: International Rice Research 

Institute: 61-92. 

Hoon H, Park RD, Kim YW, Rim YS, Park 

KH, Kim TH, Such JS, Kim KY. 2003. 2-

ketogluconic acid production and phosphate 

solubilization by Entero bacterinter medium. 

Current Microbiology 47, 87-92. 

 

Illmer P, Schinner F. 1992. Solubilization of 

inorganic phosphates by microorganisms isolated from 

forest soil. Soil Biology and Biochemistry 24, 389-395. 

 

Jones DL, Nguyen C, Finlay RD. 2009. Carbon flow 

in the rhizosphere: carbon trading at the soil-root 

interface. Plant Soil doi:10.1007/S11104-009-9925-0 

 

Joshi KK, Kumar V, Dubey RC, Maheshwari DK. 

2006. Effect of chemical fertilizer adaptive variants, 

Pseudomonas aeruginosa GRC2 and Azotobacter 

chroococcum AC1 on Macrophomena phaseolina 

causing charcoal rot of Brassica juncea. Korean Journal 

of Environmental Agriculture 25, 228-235. 

 

Khalid A, Arshad M, Zahir ZA. 2001. Factor 

affecting auxin biosynthesis by wheat and rice 

rhizobacteria. Pakistan Journal of Soil Science 21, 11-18. 

 

Khalid, Arshad M, Zahir ZA. 2004. Screening 

plant growth-promoting rhizobacteria for improving 

growth and yield of wheat. Journal of Applied 

Microbiology 96, 473-480. 

 

Khan MS, Zaidi A, Wani PA. 2007. Role of 

phosphate-solubilizing microorganisms in sustainable 

agriculture- A review. Agronomy and Sustainable 

Development 27, 29-43. 

 

Kloepper JW, Lifshitz R, Schroth MN. 1988. 

Psuedomonasinoculants to benefit plant production. 

IS1 Atlas Sci. Animal and Plant Sciences 60-64. 

 

Kloepper JW, Lifshitz R, Zablotowicz RM. 

1989. Free-living bacterial inocula for enhancing crop 

productivity. Trends in Biotechnology 7, 39-43. 

 

Lucy M, Reed E, Glick BR. 2004. Applications of 

free living plant growth-promoting rhizobacteria. 

Antonie van Leeuwenhoek 86, 1-25. 



 

197 Kalsoom et al.  
 

Int. J. Biosci. 2022 

Lugtenberg B, Kamilova F. 2009. Plant-Growth-

Promoting Rhizobacteria. Annual Review of 

Microbiology 63, 541-56. 

 

Lynch JM. 1990. The rhizosphere. Wiley-

Interscience, Chichester, England 

 

Malakoff D. 1998. Coastal ecology: death by 

suffocation in the Gulf of Mexico. Science 281, 190-192.  

 

Malus E´, Paszt LS, Ciesielska J. 2012. 

Technologies for Beneficial Microorganisms Inocula 

Used as Biofertilizers. The Scientific World Journal 

2012, Article ID 491206, DOI:1 0.1100/2012/491206 

 

Mariano I, Valverdea A, CervanteSan E, 

Velazquezb E. 2001. Phosphate-solubilizing bacteria 

as inoculants for agriculture: use of updated molecular 

techniques in their study. Agronomie 21, 561-568. 

 

Matiru VN, Dakora FD. 2004. Potential use of 

rhizobial bacteria as promoters of plant growth for 

increased yield in landraces of African cereal crops. 

African Journal of Biotechnology 3, 1-7. 

 

Meena H, Busi S. 2019. Use of microbial 

biofertilizers technologyin agro-environmental 

sustainability. New and Future Developments in 

Microbial Biotechnology and Bioengineering. DOI: 

https://doi.org/10.1016/B978-0-12-818258-1.00013-3 

 

Megali L, Glauser G, Rasmann S. 2013. 

Fertilization with beneficial microorganisms 

decreases tomato defenses against insect pests. 

Agronomy for Sustainable Development 

DOI: 10.1007/ s13593-013-0187-0. 

 

Mohammadi K, Sohrabi Y. 2012. Bacterial 

Biofertilizers for Sustainable Crop Production: a Review. 

Journal of Agricultural and Biological Science 7 

 

Mohanty SR, Dubey G, Kollah B. 2017. 

Endophytes of Jatrophacurcas promote growth of 

maize. Rhizosphere 3, 20-28. 

 

Motsara MR, Bhattacharyya PB, Srivastava B. 

1995. Biofertilizerstheir description and characteristics, 

in: Biofertilizer Technology, Marketing and Usage, A 

sourcebook-cum-Glossary, Fertilizer development 

and consultation organisation 204–204, A Bhanot 

Corner, 1–2 Pamposh Enclave, New Delhi, 110048, 

India 9-18. 

Nain L, Rana A, Joshi M, Jadhav SD, Kumar 

D, Shivay YS, Paul S, Prasanna R. 2009. 

Evaluation of synergistic effects of bacterial and 

cyanobacterial strains as biofertilizers for wheat. 

Plant Soil 331, 217-230. 

 

Nannipieri P, Ascher J, Ceccherini MT, Landi 

L, Pietramellara G, Renella G. 2003. Microbial 

diversity and soil functions. European Journal of Soil 

Science 54, 655-670. 

 

O’Gara F, Dowling DN, Boesten B. Eds., VCH 

Verlagsgesells chaftmbH, Weinheim, Germany 

Environment 3, 355-371. 

 

Oliveira CA, AlvesVMC, Marriel IE, Gomes EA, 

Scotti MR, Carneiro NP, Guimara˜es CT, 

Schaffert RE, Sa NMH. 2009. Phosphate 

solubilizing microorganisms isolated from 

rhizosphere of maize cultivated in an oxisol of the 

Brazilian Cerrado Biome. Soil Biology and 

Biochemistry 41, 1782-1787. 

 

Parray J, Jan S, Kamili A, Qadri R, 

Egamberdieva D, Ahmad P. 2016. Current 

Perspectives on Plant Growth-Promoting Rhizobacteria. 

Journal of Plant Growth Regulation 35, 1-302. 

 
Pastor-Bueis R, Mulas R, Gómez X,González-

Andrés F. 2017. Innovative liquid formulation of 

digestates for producing a biofertilizer based on Bacillus 

siamensis: Field testing on sweet pepper. Journal of 

Plant Nutrition and Soil Science 180, 748-758.  

 
Patten CL, Glick BR. 1996 Bacterial biosynthesis of 

indole-3-acetic acid. Canadian Journal of 

Microbiology 42, 207-220. 

 
Patten CL, Glick BR. 2002. Role of Pseudomonas 

putida Indoleacetic Acid in Development of the Host 

Plant Root System. Applied And Environmental 

Microbiology 68, 3795-3801. 

 

Perrott KW, Sarathchandra SU, Dow BW. 

1992. Seasonal and fertilizer effects on the organic 

cycle and microbial biomass in a hill country soil 

under pasture. Australian Journal of Soil Research 

30, 383-394. 



 

198 Kalsoom et al.  
 

Int. J. Biosci. 2022 

Persello-Cartieaux F, Nussaume L, Robaglia C. 

2003. Tales from the underground: molecular plant 

rhizobacteria interactions. Plant, Cell and 

Environment 26, 189-199. 

 

Sahoo RK, Ansari MW, Pradhan M, Dangar 

TK, Mohanty S, Tuteja N. 2014. Phenotypic and 

molecular characterization of efficient native 

Azospirillum strains from rice fields for crop 

improvement. Protoplasma, 

DOI: 10.1007/s00709-013-0607-7. 

 

Sharma H, Sharma K, Koshal AK. 2019. Role of 

Microorganism for Eco-Friendly Agriculture. Journal 

of Plant Development Sciences 11, 441-444. 

 

Singh C, Tiwari S, Gupta VK, Singh JS. 2018. 

The effect of rice husk biochar on soil nutrient status, 

microbial biomass and paddy productivity of nutrient 

poor agriculture soils. Catena 171, 485-493. 

 

Souza D, Ambrosini A, Passagalia L. 2015. Plant 

growth promoting bacteria as inoculants in 

agricultural soil. Journal of Genetics and Molecular 

Biology 38, 401-419. 

 

Sundara B, Natarajan V, Hari K. 2002. Influence 

of phosphorus solubilizing bacteria on the changes in 

soil available phosphorus and sugarcane and sugar 

yields. Field crop research 77, 43-49. 

 

Tiwari S, Singh C, Singh JS. 2018. Land use 

changes: a key ecological driver regulating 

methanotrophs abundance in upland soils. Energy of 

Ecology and. 

 

Van Loon LC. 2007. Plant responses to plant 

growth-promoting rhizobacteria. European Journal of 

Plant Pathology 119, 243-254. 

Vazquez P, Holguin G, Puente M, ELopez CA, 

Bashan Y. 2000. Phosphate solubilizing 

microorganisms associated with the rhizosphere of 

mangroves in a semiarid coastal lagoon, Biology and 

Fertility of Soils 30, 460-468. 

 

Vessey JK. 2003. Plant growth promoting 

rhizobacteria as biofertilizers. Plant Soil 255, 571-58. 

 

Visena, Bohraa M, Singh PN, Srivastava PC, 

Kumar S, Sharmad AK, Chakraborty B. 2017. Two 

pseudomonad strains facilitate AMF mycorrhization of 

litchi (Litchi chinensis Sonn.) and improving 

phosphorus uptake. Rhizosphere 3, 196-202. 

 

Weller DM, Thomashow LS. 1994. Current 

challenges in introducing beneficial microorganisms 

into the rhizosphere. In: Molecular Ecology of 

Rhizosphere Microorganisms. Biotechnology and the 

Release of GMOs 1-18.  

 

Weyens N, Lelie DVD, Taghavi S, Newman L, 

Vangronsveld J. 2009. Exploiting plant–microbe 

partnerships to improve biomass production and 

remediation. Trends in Biotechnology 27. 

 

Whitelaw MA. 2000. Growth promotion of plants 

inoculated with phosphate solubilizing fungi. 

Advances in Agronomy 69, 99-151. 

 

Youssef MMA, Eissa MFM. 2014. Biofertilizers 

and their role in management of plant parasitic 

nematodes. A review. Journal of Biotechnology and 

Pharmaceutical Research 5, 1-6. 

 

Zahir ZA, Abbas SA, Khalid M, Arshad M. 

2000. Substrate dependent microbially derived plant 

hormones for improving growth of maize seedlings. 

Pakistan Journal of Biological Science 3, 289-291. 

 

 


