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   Introduction 
 

“Start by doing what is necessary, then what is possible and 

suddenly you are doing the impossible.” 

                                                                      -St. Francis of Assisi 



INTRODUCTION

 

Rice (Oryza sativa, L.), a member of Gramaineae family is the leading food grain crop which has 

been reported to be used as a human food for the last almost 5000 years. Worldwide, more than 

3.5 billion people depend on rice for more than 20% of their daily calorie intake (IRRI, 1997). 

More than 90% of world’s rice is produced and consumed in Asia where 60% of world’s 

population live (Khush, 2004; Zeigler and Barclay, 2008). Rice, the most important food crop of 

India, contributes nearly 45% to the total food grain production. It ranks first in the use of land (> 

44 million ha), inputs (38-40% of fertilizers and 17 – 18% of pesticides) and water resources (> 

50% irrigation water) though the use efficiency is significantly low (Tiwari, 2007). Given the 

increasing competition by urban and industrial water users, and the predicted adverse impacts of 

climate change on water availability, the present practice of rice production under flood-irrigated 

conditions has to cope with future water scarcity. Tuong and Bouman (2003) reported that by 2025, 

about 15 out of 75 million ha of Asia’s flood-irrigated rice area alone will experience water 

shortage.  

 Rice plants require large amounts of mineral nutrients including N for their growth, 

development and grain production. Rice crops remove around 16–17 kg N for the production of 

each ton of rough rice including straw (De Datta 1981; Sahrawat 2000; Javaid and Bajwa 2010). 

However, most of the rice soils of the world are deficient in N, so N fertilizer application is 

required to meet a rice crop’s N demand. Generally, urea is applied as the N source for rice 

production. But the efficiency of added urea-N utilization is very low, often only 30–40%, in some 

cases even lowers (Choudhury 2008). This low N-use efficiency is mainly due to denitrification, 

NH3 volatilization and leaching losses (De Datta and Buresh 1989). NH3 volatilization and 

denitrification cause atmospheric pollution through the production of greenhouse gases like N2O 

and NH3. NO3
- leaching causes groundwater toxicity In addition to these environmental problems, 

the long-term use of urea depletes the soil organic matter. These problems are of great concern to 

soil and environmental scientists around the world. Alternate sources of N should be applied to 

minimize these problems if possible. 

Chapter I 
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How can the current level of annual rice production of around 545 million tons be increased to 

about 700 million tons to feed an additional 650 million rice eaters by 2025 without irreversibly 

degrading the land resources, even with high levels of management inputs is indeed the great 

challenge in Asia. In order to ensure food security for growing population agricultural productivity 

must be increased proportionately. The other alternative method of providing nutrients for plant 

growth and yield production is use of soil microbes (Adesemoye et al., 2008, Berg, 2009). Soil is 

a natural mix of weathered rock and organic matters and is the foundation of all crop production. 

Soil is biologically active and home to a wide range of living organisms, including soil microbes, 

earthworms and growing plant roots. Microorganisms present in soil include bacteria, 

actinomycetes, protozoa and fungi that affect soil structure and nutrient cycling. Generally, soil 

contains 107 to 109 of bacteria; 107 to 108 of actinomycetes; 105 to 106 of fungi per gram of soil 

(Coyne 1999). These microorganisms live in rhizosphere or root zone and play a significant role 

in regulating the dynamics of organic matter decomposition and the availability of plant nutrients 

such as Nitrogen (N), Phosphorus (P) and Sulphur (Kunda and Gaur 1984). There is lot of diversity 

of microbes in the soil. Some bacteria living in soil freely while some are associated with the 

Rhizosphere soil of the plants because they depend on plant root exudates for their survival. 

Bacteria living in the soil are called free-living as they do not depend on root exudates for their 

survival. Bacteria associated with plants can be harmful and/or beneficial (Tilak et al., 2005). 

Plants play an important role in selecting and enriching the types of bacteria by the constituents of 

their root exudates. Thus, depending on the nature and concentrations of organic constituents of 

exudates and the corresponding ability of the bacteria to utilize these as sources of energy, the 

bacterial community develops in the rhizosphere (Curl and Truelove, 1986). Rhizospheric bacterial 

communities, however, have efficient systems for uptake and catabolism of organic compounds 

present in root exudates (Barraquio et al., 2000). 

Plant growth promoting rhizobacteria (PGPR) are the soil bacteria inhabiting around/on the root 

surface and are directly or indirectly involved in promoting plant growth and development via 

production and secretion of various regulatory chemicals in the vicinity of rhizosphere. These 

PGPR promote plant growth in two different ways: (1) By direct mechanism which includes their 

capability of fixing atmospheric nitrogen, solubilizing phosphorus and iron, and of producing plant 

hormones, such as auxins, gibberelins, cytokinins, and ethylene (Kloepper, 1997). Changes in the 

plant hormone level also changes the root growth and shape by increasing root mass, root length, 
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and/or the branching of root hairs. Indole acetic acid (IAA) is one of the most physiologically 

active auxins. IAA is a common product of L-tryptophan metabolism by several microorganisms 

including PGPR (Lynch, 1985). Indirect mechanisms which involves the biological control of 

plant pathogens and deleterious microbes (bacteria, fungi, and viruses), through the production of 

antibiotics, lytic enzymes, hydrogen cyanide, catalase and limiting available Fe supply through 

producing siderophores or through competition for nutrients and space can improve significantly 

plant health and promote growth, as evidenced by increases in seedling emergence, vigor, and 

yield (Kumar et al., 2012).  

       Various studies have documented the increased health and productivity of different plant 

species by the application of plant growth promoting rhizobacteria under both normal and stressed 

conditions (Ahemad and Kibret 2014). Strains with PGPR activity, mostly belonging to genera 

Azospirillum, Azotobacter, Arthrobacter, Bacillus, Clostridium, Enterobacter,Gluconacetobacter, 

Pseudomonas and Serratia have been reported (Hurek and Reinhold- Hurek 2003). Among these, 

species of Pseudomonas and Bacillus are the most extensively studied (Kumar et al 2011). These 

bacteria competitively colonize the roots of plants and can act as biofertilizers and/or antagonists 

(biopesticides) or simultaneously both. These characteristics have highlighted the use of efficient 

microorganisms to improve plant growth and manage soil and plant health with the aim to achieve 

sustainability in agriculture, which amalgamates environmental health, economic feasibility and 

social equity ensuring long-term productivity of natural resources and improved livelihood. 

A variety of beneficial bacteria colonize the roots and other parts of rice. Interest in beneficial 

rhizobacteria associated with rice has increased recently due to their potential use as biofertilizer 

(Bashan et al, 1995). The beneficial effects of plant growth promoting rhizobacteria (PGPR) have 

been attributed to biological nitrogen fixation and production of phytohormones that promote root 

development and proliferation resulting in more efficient uptake of water and nutrients. Inoculation 

of indigenous strain of PGPR often showed better crop yield than inoculation with type strains 

(Murthy and Ladha,1988; Fulchieri and Frioni,1994). Over the last decade, asymbiotic nitrogen 

fixation has received much attention. Various associations between rice roots and nitrogen fixing 

bacteria have been described eg. rice with Azospirillum brasilense, Enterobacter spp. and 

Pseudomonas spp. 

Recently, plant growth-promoting rhizobacteria (PGPR)-mediated Induced Systemic Resistance 

(ISR) has received considerable attention which provides a highly effective defense response that 
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is able to resist potential attack by microbial pathogens. Several mechanisms involved in the 

induction of systemic resistance include production of siderophores, salicylic acid, antibiotics and 

induction of pathogenesis related proteins (PR’s).The production of enzymes related to 

pathogenesis (PR-proteins) such as chitinases and glucanases by strains of Rhizobacteria can lyse 

the fungal cell wall and are considered an important trait for antagonism (Saikia et al 2004). Apart 

from PR-proteins, the plants also produce other defense enzymes, including peroxidases. 

Metabolic changes involved in the defense mechanism of plants are correlated with changes in 

activity of key enzymes in primary and secondary metabolism. Peroxidase catalyses the formation 

of lignin (Figueiredo et al 2010). In addition to the pathogensis-related (PR-proteins), the plants 

produce other enzymes of the defense, including peroxidases, phenylalanine ammonia-lyase 

(PAL), and polyphenoloxidase (PPO). 

Recent studies indicate that microorganisms can also help crops to cope up with abiotic stresses. 

A variety of mechanisms have been proposed behind microbial elicited stress tolerance in plants. 

Production of indole acetic acid, gibberellins and some unknown determinants by PGPR, result in 

increased root length, root surface area and number of root tips, leading to enhanced uptake of 

nutrients thereby improving plant health under stress conditions (Egamberdieva and Kucharova, 

2009). Recent study reports the potential of PGPR strains in alleviating drought stress and salinity 

stress by lowering the activity of antioxidant enzymes in plants as compared to uninoculated plants 

(Sandhya et al., 2010; Omar et al., 2009).  In the last decade, bacteria belonging to different genera 

including Rhizobium, Bacillus, Pseudomonas, Pantoea, Paenibacillus, Burkholderia, 

Achromobacter, Azospirillum, Microbacterium, Methylobacterium, Variovorax, Enterobacter, 

etc. have been reported to provide tolerance to host plants under different abiotic stress 

environments. Use of these microorganisms per se can alleviate stresses in agriculture thus opening 

a new and emerging application of microorganisms has been reviewed (Venkateswarlu et al., 2008; 

Yang et al., 2009). 
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Thus, information on effect of bacterial PGPR on agronomic and plant physiological attributes of 

rice is generally lacking. With such research gaps existing and Keeping all these points in view 

present study “Influence of Plant Growth Promoting Rhizobacteria (PGPR) on Growth Promotion 

in Rice (Oryza sativa L.) was carried out with the following objectives: 

 To characterize selected plant growth promoting endophytic rhizobacteria 

physiologically (temperature, pH, salt tolerance, antibiotic resistance). 

 To characterize selected plant growth promoting endophytic rhizobacteria 

biochemically (IAA, siderophore production, solubilization of P, Zn, K). 

 To study the effect of endophytic bacterial inoculation on germination of rice under 

laboratory condition. 

 To study the impact of inoculation of endophytic bacterial strains alone as well as in 

combination on different plant growth parameter in rice. 
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                 REVIEW OF LITERATURE

 

Plant growth is influenced by many abiotic and biotic factors. The thin layer of soil immediately 

surrounding plant roots extremely important and active area for root activity and metabolism. The 

rhizosphere concept was first introduced by Hiltner in the year 1904 to describe the narrow zone 

of soil surrounding the roots where microbe populations are stimulated by root activities (Hiltner, 

1904). A large number of microorganisms such as bacteria, fungi, protozoa and algae 

coexist in the rhizosphere. Bacteria are the most abundant microorganisms in the rhizosphere, it is 

highly possible that they influence the plants physiology to a greater extent, especially considering 

their competitiveness in root colonization. Plants select those bacteria contributing most to their 

fitness by releasing organic compounds through exudates creating a very selective environment 

where diversity is low (Garcia et al. 2001). 

Microorganisms that colonize the rhizosphere can be classified according to their effects on plants 

and the way they interact with roots, some being pathogens whereas other cause beneficial effects. 

The bacteria inhabiting the rhizosphere and have beneficial effect to plant via direct or in direct 

machenism are termed Plant growth-promoting rhizobacteria (Kloepper et al. 1980). Various 

bacteria like Pseudomonas, Azospirillum, Azotobacter, Klebsiella, Enterobacter, 

Alcaligenes, Arthrobacte, Burkholderia, Bacillus and Serratia have been reported to enhance the 

plant growth (Glick, 1995). There are several PGPR inoculants currently commercialized that 

seem to promote growth through at least one mechanism either by suppression of plant disease 

(Bioprotectants), improved nutrient acquisition (Biofertilizers) and phytohormone production 

(Biostimulants). The use of PGPR offers an attractive way to supliment chemical fertilizer and 

pesticides. 

The pertinent literature available is reviewed under the following heads: 

2.1 Plant growth promoting rhizobacteria (PGPR): 

       The rhizosphere is the volume of soil surrounding and under the influence of plant roots, and 

the rhizoplane is the plant root surfaces and strongly adhering soil particles (Kennedy, 2005). 

Chapter II 
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Pinton et al., (2001) reviewed that often, studies of the microbial ecology of the rhizosphere also 

include the rhizoplane. In the rhizosphere, very important and intensive biochemical interactions 

and exchanges of signal molecules takes place between the plant, soil, microorganisms and soil 

micro fauna. 

Antoun and Kloepper, (2001) reported that rhizobacteria are rhizosphere competent bacteria that 

aggressively colonize plant roots; they are able to multiply and colonize all the ecological niches 

found on the roots at all stages of plant growth, in the presence of a competing microflora. About 

2 to 5% of rhizobacteria, when reintroduced by plant inoculation in a soil containing competitive 

microflora, exert a beneficial effect on plant growth and are termed plant growth promoting 

rhizobacteria (PGPR). PGPR are free-living bacteria and some of them invade the tissues of living 

plants and cause unapparent and asymptomatic infections. 

Kloepper et al., (1989); Glick, (1995) reported various species of bacteria like Pseudomonas, 

Azospirillum, Azotobacter, Klebsiella, Enterobacter, Alcaligenes, Arthrobacter, Burkholderia, 

Bacillus and Serratia that enhances the plant growth. In their association with their host plant 

PGPR may differently colonize their host plant. They may colonize the rhizosphere, the root 

surface or the intercellular spaces of the host plant. 

Martinez-Viveros et al., (2010) classified PGPRs based on their degree of association with the 

plant root cells. PGPRs can be classified into extracellular plant growth promoting rhizobacteria 

(ePGPR) and intracellular plant growth promoting rhizobacteria (iPGPR). iPGPRs can enter plant 

cells and are able to produce specialized structures, the so-called nodules. ePGPRs, on the other 

hand, are found in the rhizosphere, or within the apoplast of the root cortex, but not inside the cells. 

According to their proximity to the plant root, ePGPRs can be divided into three classes: those 

living near, but not in contact with the roots; those colonizing the root surface; and those living in 

the spaces between cells of the root cortex (Herbaspirillum seropedicae colonize root intercellular 

space, arenchyma and cortical cells, with a few penetrating stele to enter the vascular tissue). 

Holguin et al., (1999) described that PGPR may induce plant growth promotion by direct or 

indirect modes of action. Direct mechanisms includes i) nitrogen fixation ii) solubilization of 

phosphorus iii) sequestering of iron by production of siderophores iv) production of 

phytohormones such as auxins, cytokinins, gibberellins and v) lowering of ethylene concentration, 
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thus improve the plant nutrient status and stimulate the disease-resistance mechanisms. Indirect 

effects originate for example when PGPR act like biocontrol agents reducing diseases, when they 

stimulate other beneficial symbioses, or when they protect the plant by degrading xenobiotics in 

inhibitory contaminated soils. 

Somers et al., (2004) classified PGPR as biofertilizers (increasing the availability of nutrients to 

plant), phytostimulators (plant growth promoting, usually by the production of phytohormones), 

rhizoremediators (degrading organic pollutants) and biopesticides (controlling diseases, mainly by 

the production of antibiotics and antifungal metabolites). 

2.2 PGPR as endophytes 

The plant roots are the interface between a multicellular eukaryote, soil and one of the richest 

microbial ecosystems on earth. Soil bacteria are able to multiply inside roots as endophytes and 

modulate plant growth and development, with implications ranging from enhanced crop 

productivity to phytoremediation. 

Researcher have found bacterial endophytes in potato (Garbeva et al. 2001), maize (Fisher et al. 

1992), rice (Stoltzfus et al. 1997), cotton (McInroy & Kloepper, 1995) and cucumber (Mahafee & 

Kloepper, 1997). 

Bell et al., (1995) studied that endophytes entered the plant tissue primarily through the roots, 

however, aerial portions of plants such as flowers, stems, and cotyledons, are also used for their 

entry. 

Aravind et al. (2009) reported Indigenous endophytic bacteria from black pepper (Piper nigrum 

L.)belonging to genera like Pseudomonas, Bacillus, Herbaspirillum, Serratia, Streptomyces etc. 

Their use for biocontrol purpose would eliminate the need to select bacterial types with high 

rhizosphere competence that are often considered necessary for successful seed or root 

bacterization before or at planting. 

Sun et al., (2008) analyzed endophytic bacterial diversity in the roots of rice (Oryza sativa L.) by 

16S rDNA cloning, amplified ribosomal DNA restriction analysis (ARDRA) and sequence 

homology comparison. Sequence analysis revealed diverse phyla of bacteria which consisted of 

alpha (Methylobacterium spp., Rhizobium spp.), beta (Burkholderia spp., Nitrosomonas spp., 
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Azoarcus spp.), gamma (Pseudomonas spp.), delta (Desulfobacter spp.), and epsilon 

(Campylobacter spp.) subclasses of the Proteobacteria. 

Procopio et al., (2009) isolated Seventy six endophytic bacterial strains from Eucalyptus sp. and 

were characterized by RAPD and amplified rDNA restriction analysis (ARDRA). The isolates 

were identified by 16S rDNA sequencing as Pantoea (45%), Agrobacterium spp. (21%), 

Curtobacterium spp. (9%), Brevibacillus spp. (8%), Pseudomonas spp. (8%), Acinetobacter spp. 

(4%), Burkholderia cepacia (2.6%), and Lactococcus lactis (2.6%). 

Luo et al. (2011) isolated Serratia spp. an endophytic bacterium of Solanum nigrum L. showed 

cadmium and zinc hyper accumulation in vitro as well as in vivo. 

2.3 The mechanisms PGPRs use to promote plant growth 

2.3.1 Biological Nitrogen Fixation 

Nitrogen (N) is one of the major plant nutrients, hence the ability of some microorganisms to make 

atmospheric nitrogen available for plants by biological nitrogen fixation is of great importance. 

Advances in agricultural sustainability will require an increase in the utilization of BNF as a major 

source of nitrogen for plants. 80% of total biological nitrogen fixation comes from symbiotic 

associations of Allorhizobium, Azorhizobium, Bradyrhizobium, Mesorhizobium, Rhizobium, and 

Sinorhizobium, the obligate symbionts of leguminous plants. Non-symbiotic BNF carried out by 

free living diazotrophic bacteria belonging to genera Azoarcus, Azospirillum, Burkholderias, 

Gluconacetobacter and Pseudomonas that can stimulate non-legume plants growth (Antoun et al 

1998). 

Antoun et al. (1998) studied the effect Bradyrhizobium and Rhizobium as plant growth promoting 

rhizobacteria in non-leguminous crop (Raphanus sativus L.). Bradyrizobium japonicum enhanced 

the N-availability and responsible for about 60% increase in radish dry matter yield. 

 

Kanimozhi et al. (2010) reported application of root associated N2 fixing (diazotrophic) bacteria 

from rice leads to significant increases in the shoot length (up to 60%), shoot dry weight (up to 

33%) and the grain yield (up to 26%) of rice. Similarly, a positive co-relation of N2 fixing 

efficiency of Azospirillum strain and the grain yield of paddy was also there. 

9



Review of literature 

 

 

Mehnaz et al. (2001) estimated Nitrogen-fixing ability of Enterobacter and Azospirillum 

brasilense isolated from rice by ARA-based MPN (acetylene reduction assay-based most probable 

number) in roots and shoots. Nitrogen fixation with the inoculants Azospirillum and Enterobacter 

was nearly 46% and 41% of the nitrogen derived from atmosphere respectively. 

 

Mia et al. (2007) studied the effect of combined application of PGPR strain and N-fertilizers on 

growth of banana plantlets. They demonstrated that PGPR inoculation with 20 mg/kg minimal N-

fertilizer (13% of total plant N) produced a synergistic effect on N2 fixation with higher amounts 

of N2 fixed (11.0 mg/plant; 12.5 % Ndfa), while higher doses of N-fertilizers inhibits the N2 

fixation. 

 

2.3.2 Phosphate Solubilization 

Phosphorus (P) is an essential plant nutrient with low availability in many agricultural soils. much 

of this P is in mineral forms and is only slowly available to plants. The ability of rhizospheric and 

endophytic bacteria to solubilize insoluble P minerals has been attributed to their capacity to 

reduce pH by the excretion of organic acids (e.g., gluconate, citrate, lactate and succionate) and 

protons (during the assimilation of NH4
+) (Gyaneshwar et al., 1999). These bacteria have been 

characterized as members of the Bacillus, Burkholderia, Enterobacter, Klebsiella, Kluyvera, 

Streptomyces, Pantoea and Pseudomonas genera. 

 

Dave and Patel (1999) reported in vitro P-solubilization by psuedomonads isolates in different 

media namely bone meal, rock phosphate, diacalcium phosphate, TCP, ferrous phosphate and 

aluminum phosphate. The highest P solubilizatoin for TCP (163mg P2O5), rock phosphate (21mg 

P2O5), diacalcium phosphate (99mg P2O5) ferrous phosphate (24.8mg P2O5) and aluminum 

phosphate (5.3mg P2O5) was recorded. Bone meal was considered as most readily soluble form of 

phosphate. 

 

Afzal and Asghari (2008) studied the effect of a Rhizobial strain and a P-solubilizer strain in 

single and in dual combination with and without P2O5 on wheat. It was concluded that single and 

dual inoculation along with P fertilizer is 30-40% better than only P fertilizer for improving grain 
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yield of wheat and dual inoculation without fertilizer (P) improved grain yield up to 20% as 

compared to P application. 

 

Kumar et al. (2012) analysed P-solubilizers associated with French bean rhizoshere. Quantitative 

estimation of tri-calcium phosphate solublization was found between 15 to 60 ng/ml. The 

phosphate solublization zones was determined ranging from 4 mm to 20 mm on solid media. 

 

Parani and Saha (2012) reported a Pseudomonas fluorescens strain solubilized tricalcium 

phosphate to substantial amount (968.5 mgl-1) in Pikovskaya’s (PVK) broth.  

 

Srivastava et al. (2007) showed that out of 30 culture of bacteria and fungi, 26 isolates solubilized 

eight varying amount of phosphorus, some of the isolates showed positive antifungal activities as 

well and were identified as Pseudomonas spp., Pseudomonas striata continue to perform best in 

phosphate solubilization even under field conditions. 

 

2.3.3 Indole-3-Acetic Acid (IAA) Production 

The production of phytohormones by PGPR is now considered to be one of the most important 

mechanisms by which many rhizobacteria promote plant growth. Phytohormones are signal 

molecules acting as chemical messengers and play a fundamental role as growth and development 

regulators in the plants. The PGPR can stimulate plant growth through the production of auxins 

(indole acetic acid), gibberellines, and cytokinins or by regulating the high levels of endogenous 

ethylene in the plant. At present, auxin synthesizing rhizobacteria are the most well-studied 

phytohormone producers (Spaepen et al., 2007). However, the effect of IAA on plants depends 

on the plant sensitivity to IAA and the amount of IAA produced from plant associated bacteria and 

induction of other phytohormones. 

 

Joseph et al. (2007) reported 150 PGPR isolates belonging to Bacillus, Pseudomonas, Azotobacter 

and Rhizobium isolated from different rhizospheric soil of chick pea for production of indoleacetic 

acid (IAA). All the isolates of Bacillus, Pseudomonas and Azotobacter produced IAA, whereas 

only 85.7% of Rhizobium was able to produce IAA. 
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Ashrafuzzaman et al. (2009) isolated and characterized six indole acetic acid (IAA) producing 

PGPR isolates from the rhizosphere soil of rice. Significant increase in plant height, root length, 

and dry matter production of shoot and root of rice seedlings observed after application of selected 

isolates. 

 

Ashraf et al. (2011) isolated ten bacterial strains from roots and rhizosphere of sugarcane showed 

IAA production in growth medium containing tryptophane. IAA production ranged from 1.1-

4.49mg/L. Inoculation with selected isolates lead to maximum root area (37.40 mm2) and root 

length (288.47 mm). 

 

Wahyudi et al. (2011) recorded a significant increase in the root length, shoot length and number 

of lateral root of soybean treated with IAA producing Bacillus species. 

 

Rani et al. (2012) characterized sixty isolates for the indole acetic acid (IAA) production and other 

PGPR traits. PGPR isolates remarkably enhanced seed germination, shoot length, root length, dry 

matter production of shoot, nodule number and nodule mass of pigeon pea. 

 

Etesami et al. (2015) isolated ten isolates from berseem clover plants which had been screened to 

detect isolates with good potential as rice growth-promoting agents indicated that seven out of ten 

endophytes, inoculated on five rice cultivars, were able to colonize within roots and promote plant 

growth. According to the results obtained, 7 isolates tested behaved as potentially good PGP and 

colonizing agents. Seedlings inoculated with IAA producing isolates yielded more shoot biomass 

(stem plus leaves), root length and colonization than the control plants inoculated with IAA non-

producing strains and plants inoculated with PGPR producing other PGP traits. 

 

2.3.4 Siderophore production 

Siderophores are low molecular weight, extracellular compounds with a high affinity for ferric 

iron, that are secreted by microorganisms to take up iron from the environment (Hofte, 1993). 

These compounds are produced by various types of bacteria in response to iron deficiency which 

normally occurs in neutral to alkaline pH soils, due to low iron solubility at elevated pH (Sharma 

and Johri, 2003). Fe acquisition through siderophore production plays an essential role in 
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determining the competitive fitness of bacteria to colonize plant roots and to compete for iron with 

other microorganisms in the rhizosphere (Crowley and Gries, 1994; Crowley, 2006). 

 

Arora et al. (2001) isolated root-nodulating bacterial strains of Rhizobium meliloti from the 

medicinal plant Mucuna pruriens capable to produce siderophores. Application of selected strains 

resulted in marked enhancement in percentage seed germination, seedling biomass, nodule number 

and nodule fresh weight of M. phaseolina compared to uninoculated and uninfected controls. 

 

Meera and Balabaskar, (2012) reported Pseudomonas fluorescens isolates from rice rhizosphere. 

Significant diseases reduction and other prominent PGPR traits were recorded for all isolates. 

 

Mishra and Kumar (2012) in vitro studied production of siderophore on different carbon sources 

by two PGPR strains. Application of selected isolates, significantly increased the growth of rice 

(Pusa sugandha III). Strains were identified with the help of 16S rRNA gene sequencing as 

Bacillus amyloliquefaciens and Bacillus subtilis. Bacillus subtilis was found to be more efficient 

as compared to Bacillus amyloliquefaciens in terms of its capability to produce siderophore. 

 

 Shrivastava and Kumar (2011) isolated 74 rhizobacterial strains from rice rhizosphere. Out of 

74 isolates, only 29 (39.2%) diazotrophic rhizobacterial isolates showed siderophore production. 

The amount of siderophore produced by these isolates ranged between 1.45 to 22.22 µg/mg dry 

weights. 15 (51.7%) isolates were catecholate and 14 (48.3%) were hydroxamate type. TLC 

analysis of catecholate type siderophores revealed that only 13.8% was exactly similar to 2, 3-

dihydroxybenzoic acid (DHBA) whereas 86.2 % showed more than one type of siderophores or 

other catecholate siderophore with varying molecular weights. 

2.4 Rice-microbes interaction 

Dewan and Subba Rao (1979) have found that root biomass of rice seedlings increased when 

inoculated with Azospirillum brasilense and Azotobacter chroococcum singly or in combination. 

They also observed that this increase in the biomass of roots was more in unsterilized soil than in 

sterilized one with or without inorganic nitrogen in the form of urea. 
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Stoltzfus et al. (1997) indicated in their study that a large diversity of apparently diazotrophic and 

non-diazotrophic endophytic bacteria can be isolated from rice tissues, some of which are capable 

of re-colonizing their host when re-inoculated onto sterile rice seedlings. 

Yanni et al. (1997) have examined that the clover symbiont, Rhizobium leguminosarum bv. trifolii 

colonizes rice roots endophytically in fields where these crops were rotated. Their result indicated 

that Rhizobium leguminosarum bv. trifolii significantly increased shoot and root growth of rice in 

growth chamber experiments, and grain yield plus agronomic fertilizer N-use efficiency of hybrid 

rice in a field inoculation experiment. 

 

Ladha et al. (1997) investigated that nitrogen-fixing putative endophytic populations in the root 

and culm on field-grown rice plants grown in the absence of nitrogen fertilizer were significantly 

higher near heading stage. 

El-Khawas and Adachi (1999) have observed that Azospirillum brasilense and Klebsiella 

pneumoniae in culture media supplemented with tryptophan produced high quantities of 

extracellular IAA. They investigated the effect of different concentrations of filter-sterilized 

culture supernatants of both strains on the development of rice roots grown in hydroponic culture 

medium and observed increased root elongation, root surface area, root dry matter and 

development of lateral roots and root hairs under optimum concentrations (6–8%) of bacterial 

supernatants compared to untreated roots. They also observed that high concentrations of the 

supernatant (more than 10%) strongly inhibited root elongation. 

Biswas et al. (2000) have inoculated rice seedlings with different rhizobia in soil supplemented 

with varied amounts of mineral nitrogen. The results indicated that Rhizobium leguminosarum bv. 

Trifolii, Rhizobium sp. and Bradyrhizobium sp. increased rice grain and straw yields differently at 

different nitrogen rates. 

Nandakumar et al., (2001) have shown in their results that PGPR treatment significantly increase 

plant growth as measured by the number of tillers, plant height and yield both in glasshouse and 

in the field experiments. They observed enhanced plant growth in treatments, which received a 

mixture of strains rather than a single strain. The increased plant growth ultimately resulted in 

significant increase in yield. 
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Mehnaz et al., (2001) have isolated PGPR from rice and observed their beneficial effect  on two 

Basmati rice varieties. Their result showed that Enterobacter S1and Azospirillum maximally 

increase root area and plant biomass in rice variety Basmati 385, whereas in the rice variety Super 

Basmati, Enterobacter R3 maximally increase of root area and plant biomass as well as observed 

that these bacteria also increase the nitrogen content in plants. 

 

Verma et al. (2001) studied on the diversity of endophytic bacteria present in seeds of a deepwater 

rice variety on the basis of the presence of seven types of BOX-PCR fingerprints. For studying the 

endophytic colonization P. agglomerans strain was genetically tagged with the reporter gene, 

gusA. Histochemical analysis of the seedling grown in hydroponics showed that the tagged strain 

colonized the root surface, root hairs, root cap, points of lateral root emergence, root cortex and 

the stelar region and found that short thickened lateral roots showed better colonization by P. 

agglomerans. 

 

Rediers et al., (2003) have isolated Pseudomonas stutzeri a nitrogen-fixing bacterium from rice 

plants and found that it colonize and infect rice roots and thus provide rice plants fixed nitrogen 

and enhance plants growth. They also focused their study on the identification of P. stutzeri genes 

that are switched on during rice root colonization and are switched off during free-living growth 

on synthetic medium. 

 

Minamisawa et al. (2004) reported the existence of anaerobic nitrogen-fixing consortia 

(ANFICOs) consisting of N2-fixing clostridia and diverse non-diazotrophic bacteria in non 

leguminous plants (gramineous plants) and found that these bacteria are widespread in wild rice. 

Their results indicated that clostridia are naturally occurring endophytes in gramineous plants and 

that clostridial N2 fixation arises in association with non diazotrophic endophytes. 

 

Mirza et al. (2006) have treated two rice varieties Super Basmati and Basmati 385 with nitrogen 

fixing PGPR (Azospirillum brasilense, Azospirillum lipoferum, Zoogloea and Pseudomonas sp.) 

as single-strain inoculants and observed increased shoot biomass and/or grain yield over that  

of non inoculated control plants in each inoculated treatment. 
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Ahanthem and Jha (2007) has observed that Glomus sp. and Azotobacter chroococcum, either 

alone or in combination with different levels of soil nitrogen application, positively affected crop 

growth over the treatments that received nitrogen only. This indicates that inoculation of rice plants 

with Glomus sp. and, the dual inoculation of Glomus sp. and Azotobacter chroococcum enhanced 

the plant growth when urea was incorporated up to the recommended dose. 

 

Peng et al. (2009) have isolated twelve facultative anaerobic, endophytic diazotrophs from 

surface-sterilized roots of the wild rice species Oryza latifolia and characterized by phenotypic 

and molecular methods. The study indicated that Enterobacter oryzae isolated as a novel nitrogen 

fixing strain. 

 

Prakamhang et al., (2009) explored the community of diazotrophic bacteria from the leaf, stem, 

and root parts of the rice. They observed that the expression level of the nifH gene in all roots from 

plants grown in N-fertilized soil was the lowest among the treatments studied. Their results 

confirmed the complexity of the endophytic diazotrophic bacterial community, and indicate that 

the type of plant tissue seems to influence the community structure. 

 

Jha et al., (2009) have isolated a diversity of N2-fixing (diazotrophic) bacteria from two traditional 

rice cultivars of North Bihar, India, where low levels of nitrogen fertilizers were applied. 

Burkholderia cenocepacia, Pseudomonas sp. and three diazotrophic PGPR reference strains were 

used as inoculation for growth promoting potential of rice. Significant increases in the shoot 

length, shoot dry weight and the grain yield per plant were observed in non-axenic pot and field 

trials with sustainable colonization of inoculated bacteria. 

 

Panhwar et al., (2011) have shown in their study that Phosphate solubilizing Bacillus strains 

exhibited capability of producing organic acids from soil and plant roots and increased yield of 

aerobic rice under glasshouse conditions. They also observed high leaf chlorophyll content, 

photosynthesis rate and root development 

 

Bhattacharjee et al., (2011), have focused their study on chemotaxis, colonization and rice growth 

promoting ability of indole acetic acid (IAA) and 1-aminocyclopropane-1-carboxylic acid (ACC) 
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deaminase-producing rhizobacteria Rhizobium leguminosarum bv. trifolii, previously isolated 

from root nodules of Trifolium alexandrium L. and found that this bacteria promote the growth of 

four different rice varieties grown in India in terms of biomass, root branching and N content as 

well as successfully colonize the root surface of the rice variety. 

 

Salamone et al. (2012) have reported that Pseudomonas fluorescens and Azospirillum brasilense 

has significant potential when applied to rice as a commercial formulation under field condition. 

 

Hasan et al. (2014) isolated PGPR from sterilized roots of rice (Oryza sativa L.) Two of the PGPR 

isolates were found belonging to Enterobacter spp. while the other two isolates were Azosprillium 

spp. The two rice cultivars Basmati and Super Basmati were inoculated with bacterial isolates 

alone and in combination with Rhizobium and Azosprillium respectively and their growth 

responses were examined. Their results confirmed the beneficial effects of co-inoculation with 

sufficient increase in root length, shoot length and fresh and dry weight of plants, when compared 

to single inoculation or uninoculation. 
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gathering material with which to build.” 

                                                                      -Gene Luen Yang 



 

 

                     MATERIALS AND METHODS

 

The present study was carried out at the PGPR Laboratory Department of Genetics and 

Plant Breeding, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi (UP). 

3.1 Bacterial strains used and their cultivation 

       Four plant growth promoting rhizobacterial endophytic strains used in this study were 

obtained from Prof. R. K. Singh (Sr. Microbiologist) Department of Genetics and Plant Breeding, 

Institute of Agricultural Sciences, Banaras Hindu University (BHU), Varanasi, India. These 

isolates were routinely maintained in Yeast Extract Mannitol (YEM) medium (Vincent, 1970) 

(Appendix-I) at 28±20C. These strains were designated as RRE3, RRE6, BHU3, BHU8. 

 

Table 3.1: Details of endophytic bacteria used in inoculation test 

 

Strains Details 

               RRE3 

             

Burkholderia cepacia 

               RRE6 

            

Rhizobium leguminosarum bv. phaseoli 

              BHU3 Pseudomonas aeruginosa 

              BHU8 Pseudomonas saponiphila 

 

 

3.2 Plant material used 

       Seeds of the rice cultivar HUR 105 used in this study were provided by Prof. R. P. Singh 

(Plant breeder), Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, 

Banaras Hindu University (BHU), Varanasi. 

 

 

Chapter III 
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3.3 Growth Media 

3.3.1 Media used for cultivation of bacteria 

         Strains of α-rhizobial strains were grown and maintained in Yeast Extract Mannitol (YEM) 

medium and β-rhizobial strains were maintained in BAz and BAc medium (Perin et al. 2006a) 

[Appendix II]. 1.5% (w/v) agar-agar was used to solidify media when required. Bacterial strains 

were incubated at 28±2°C. 

 

3.3.2 Media used for plant growth study 

         For plant growth study on rice, nitrogen free Thornton’s medium (Thornton, 1930) with 1.5% 

agar (appendix-III) was used. 

 

3.4 Glassware  

       Glassware used in this study were manufactured by Borosil (India) and Schott Duran 

(Germany). Thorough washing of glassware was done by several times with tap water followed 

by rinsing with double distilled water. Finally, the glasswares were dried in hot-air oven before 

use. Petridishes, clean culture tubes and Erlenmeyer flasks were used for culturing purpose. 

Gibson’s tubes were used for invitro plant growth experiment. Culture tubes and flasks were 

plugged with non-absorbent cotton wool. 

 

3.5 Chemicals 

       Most of the chemicals were obtained from E. Merck (Germany), Sigma-Aldrich (St. Louis, 

Missouri, USA), and Hi-Media (India). Double distilled water was used throughout the experiment 

for preparation of stock solution, media and reagents etc.  

 

3.6 Sterilization 

       Sterilization of different growth media and glasswares were done by steam sterilisation in an 

autoclave at 15psi and 121°C for 15 min. The heat labile chemicals (aminoacids) were sterilized 

by filter sterilization using 0.22μm size Millipore filters. Seed material used for this study was 
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sterilized by using chemicals mercuric chloride and alcohol. All the inoculations and bacterial 

culture transfers were performed under sterile conditions of laminar air flow hood. 

 

3.7 Physiological and Biochemical characterization 

3.7.1 Detection of temperature tolerance 

        To determine the bacterial growth at different temperature, YEM agar plates were inoculated 

with 10 µl of culture (± 109 CFU ml-1) and incubated at four temperatures 150C, 250C, 350C, 450C. 

The same procedure was performed in YEM broth and optical density was recorded at 420 nm 

after two and four days of incubation. 

 

3.7.2 Detection of pH tolerance 

         The ability of endophytic bacterial strains to tolerate a high pH was tested on YEM solid 

medium. YEM agar plate with six different level of pH 5, 6, 7, 8, 9, 10, 11 and 12 were maintained 

by using sodium hydroxide (NaOH). 10 µl of culture (± 109 CFU ml-1) of each bacterial strain 

were dropped onto the plates of varying degree of pH. These were incubated at 28-300C for 5 days. 

The same experiment was performed in YEM broth and optical density was measured at 420 nm 

after two and four days of incubation. 

 

3.7.3 Detection of salt tolerance 

         The tolerance towards higher concentration of salt (Sodium chloride) of the plant endophytic 

bacterial strains was tested on YEM agar solid medium. YEM agar medium was prepared 

supplemented with serial increase of 0.1, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 % of NaCl for salt tolerance. 

10 µl of culture (± 109 CFU ml-1) of each bacterial strain were dropped onto the plates of varying 

degree of salt concentration. The endophytic bacteria culture were incubated at 28-300C for 5 days. 

The same experiment was performed in YEM broth and optical density was measured at 420 nm 

after two and four days of incubation. 

 

3.7.4 Phosphate solubilization 

         Pikovskaya’s agar plates (Appendix IV) were spot inoculated with overnight grown bacterial 

cultures and incubated at 30 °C for 48 h. Formation of clear zone around the colonies 

indicate a positive test of phosphate solubilization (Pikovskaya, 1948). The radial area of clear 
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zone including colony was measured and phosphate solubilization activity was expressed in mm 

radial area solubilized per hour. The solubilization index was determined by following formula. 

 

S𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥(𝑆𝐼) =
𝑐𝑜𝑙𝑜𝑛𝑦 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟(𝑐𝑚)+ℎ𝑎𝑙𝑜 𝑧𝑜𝑛𝑒 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟(𝑐𝑚)

𝑐𝑜𝑙𝑜𝑛𝑦 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟(𝑐𝑚)
 

 

3.7.5 Zinc solubilisation 

         PGPR isolates were screened for their Zinc solubilizing activity on plate assay containing 

ZnO as an insoluble Zinc source. 10 µl of exponentially grown bacterial culture of each PGPR 

strain were spotted onto the plates (Appendix V). These plates were incubated at 280C for 7 days. 

The radial clear zone surrounding the bacterial colony indicates a positive test for Zinc 

solubilisation. The solubilized clear halo zone including bacterial colony was measured and Zinc 

solubilization activity was expressed in millimeter radial area solubilized.  

 

3.7.6 Pottasium solubilisation 

         Potash solubilization by the endophytic bacteria was screened over the Aleksandrov’s agar 

medium plates (Appendix-VI). Each plate was inoculated with a spot of 10µl bacterial suspension 

and spotted on the medium. The plates were incubated at 28°C for 48-96 hours. The zone showing 

clearance around the colony indicated potash solubilizing ability of bacteria. 

 

3.7.7 Indole acetic acid (IAA) production 

         IAA was determined by the method of Gorden and Webber (1951) [Appendix VII]. Tubes 

having 10 ml nutrient broth with 100µg/ml tryptophan and without tryptophan were inoculated 

with actively growing bacterial cultures individually and incubated under shaking conditions at 

28±2 ⁰C for 48 h. After incubation, the cultures were centrifuged at 10,000 rpm for 10 min. Two 

ml of Salkovasky reagent was added to 1.0 ml of culture supernatant and the resulting mixture was 

incubated at 30 ⁰C for 25 min. Development of pink colour indicates IAA production by the test 

bacteria. Absorbance was recorded at 530 nm using UV/VIS spectrophotometer. 
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3.7.7.1 Quantification of IAA 

Reagents 

1. Stock solution of indole acetic acid (100 µg/ml) 

2. Salkovasky reagent: 1.0 ml FeCl3 (0.5 M) mixed with 50 ml HClO4 (35%). 

 

3.7.7.2 Standard curve 

            Different volumes (50-500µl) from the stock solution of IAA were taken in the tubes in 

duplicate. Final volume was made to 1.0 ml with distilled water (DW), to which 2 ml Salkovasky 

reagent was added and the mixture was incubated at 30⁰C for 25 min. Distilled water was taken as 

control. Absorbance was recorded at 530 nm. Graph was plotted using IAA concentrations verses 

absorbance.  

 

3.7.8 Siderophore Production 

         Overnight grown bacterial cultures were spot inoculated on CAS (Chrome Azurol S) plates                               

(Schwyn and Neilands, 1987) [Appendix IX]. Plates were incubated at 30°C for 48 

hours. Appearance of orange halo around the bacterial colonies against a dark blue background 

indicates siderophore production. 

 

3.7.9 Intrinsic Antibiotic tolerance 

The intrinsic level of resistance for the bacterial isolates was tested with nine antibiotics 

(Tetracycline, Rifampicin, Streptomycin, Neomycin, Nalidixic acid, Kanamycin, 

Chloramphenicol, Ampicillin, Ciprofloxacin) disc which showed different concentration using NA 

media. Each bacterial isolate was mixed with NA media and pour plated. Antibiotics disc were 

placed on each plate and incubated at 300C for 48 h and checked for the inhibition zones. 
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 3.8 Plant growth experiment under laboratory condition 

     To study the effect of inoculation with different endophytic rhizobacterial strains on 

germination and other plant growth parameter of rice plant, plant infection test was carried out in 

Gibson’s tubes (38 X 200 mm) having agar slants. 

 

 3.8.1 Collection of seeds 

          For conducting the experiment seeds of rice cultivar HUR 105 was obtained from Prof. R. 

P. Singh (Rice breeder), Department of Genetics and Plant Breeding, Institute of Agricultural 

Sciences, Banaras Hindu University (BHU), Varanasi. 

 

3.8.2 Treatment details 

          The four PGPR strains, i.e., Burkholderia cepacia RRE3, Rhizobium leguminosarum bv. 

phaseoli RRE6, Pseudomonas aeruginosa BHU3 and Pseudomonas saponiphila BHU8 were 

selected for this study based on the earlier reports of these strain’s  plant growth promoting 

characteristics. Rhizobial strains were used alone as well as in co-inoculation with each other in 

all combinations separately. Four different consortium of rhizobacterial strains i.e., Burkholderia 

cepacia RRE3 and Pseudomonas aeruginosa BHU3 (a 1:1 ratio by volume of RRE3 and BHU3); 

Burkholderia cepacia RRE3 and Pseudomonas saponiphila BHU8 (a 1:1 ratio by volume of RRE3 

and BHU8); Rhizobium leguminosarum bv. phaseoli RRE6 and Pseudomonas aeruginosa BHU3 

(a 1:1 ratio by volume of RRE6 and BHU3); Rhizobium leguminosarum bv. phaseoli RRE6 and 

Pseudomonas saponiphila BHU8 (a 1:1 ratio by volume of RRE6 and BHU8) were used for 

comparing the effect of growth promotion by rhizobacterial co-inoculation. Along with these 

uninoculated control treatment consisted of water-treated seeds (without bacterial inoculation) was 

included for comparing the effectiveness of the treatments. 

 

3.8.3 Experiment details 

         Experiment was laid out in a completely randomized design (CRD) with three replications 

of each nine treatments including control for the rice variety. 
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Materials and methods 

 

 

3.8.4 Preparation of bacterial inoculum 

         Each bacterial strain was grown in 150 ml Erlenmeyer flask containing 50 ml of 

Nutrient broth, incubated in incubator shaker (120 rpm) at 30°C. Bacterial cultures were 

grown up to a period to obtain 108 to 109
 CFU ml-1. 

 

Table 3.2: Bacterial strains and their combinations used for inoculation 

 

                         Bacterial Strain             Designation 

1 Burkholderia cepacia                 RRE3 

2 Rhizobium leguminosarum bv. phaseoli                 RRE6 

3 Pseudomonas aeruginosa                  BHU3 

4 Pseudomonas saponiphila                 BHU8 

5 Burkholderia cepacia and Pseudomonas aeruginosa           RRE3 + BHU3 

6 Burkholderia cepacia and Pseudomonas saponiphila           RRE3 + BHU8 

7 Rhizobium leguminosarum bv. phaseoli and 

Pseudomonas aeruginosa 

          RRE6 + BHU3 

8 Rhizobium leguminosarum bv. phaseoli and 

Pseudomonas saponiphila 

          RRE6 + BHU8 

 

3.8.5 Seed sterilization 

         Dehulled healthy and bold rice seeds were surface sterilized by immersion in 95% ethanol 

(for 5 minutes) and 0.1% acidified HgCl2 (for 2 minutes). Treated seeds were washed five times 

with sterile distilled water. 

 

3.8.6 Seed inoculation and Sowing 

         Just after sterilization seeds were soaked in exponentially grown bacterial cultures for one 

hour. The inoculated seeds were transferred to culture tubes having agar slants. One seed was 

planted in each tube and 1 ml of bacterial suspension was used for inoculation of each tube. Un-

inoculated seeds (soaked in sterile water only) were served as control. 
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Materials and methods 

 

 

3.8.7 Growth conditions 

         Inoculated seeds were transferred in plant growth chamber programmed with 14 h light and 

10 h dark period, 280C/230C day/night cycle of temperature and 70% relative humidity. 

 

3.8.8 Harvesting 

         Plants were grown for 15 days. Watering was done regularly with distilled water. Plants were 

harvested 15 days after inoculation and the roots were carefully rinsed with water to remove agar 

adhering to it. 

         Data were recorded on individual plant growing in each plant infection tube and average 

value was taken for each treatment. 

 

3.8.9 Plant Parameter 

3.8.9.1 Germination 

            Rate of germination, time taken to germinate after inoculation was recorded. 

 

3.8.9.2 Shoot length 

            Shoot length was measured from stem base of the emerging root to the tip of fully expanded 

leaf and values were recorded in cm. 

 

3.8.9.3 Root length 

            Root length was measured from the base of the stem to the end of root tip. 

          

3.9 Screening of selected PGPR strains for growth promotion of rice under poly 

house condition 

       A pot experiment was conducted in the poly house of Institute of Agricultural Sciences, 

Banaras Hindu University, Varanasi to evaluate the effects of rhizobaterial inoculation on different 

growth parameters of rice plants. 

Collection of seeds, preparation of bacterial inoculum and treatment details followed same process 

as mentioned in plant growth experiment under laboratory condition. 
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Materials and methods 

 

 

3.9.1 Experiment details 

         The experiment was conducted in completely randomized design fashion with three 

replications of each nine treatments for rice variety HUR 105. 

 

3.9.2 Soil collection and preparation of pot   

         Soil was collected from the upper 0-15 cm soil layer from agriculture farm of Institute of 

Agricultural Sciences, BHU, Varanasi. Soil was air dried and sieved with <5 mm mesh. Soil was 

steam sterilized in autoclave. After sterilization, soil was filled into the pots of 5 kg capacity. 

The pots were irrigated with sterilized water and left for 1-2 days for equilibration. 

 

3.9.6 Seed sterilization 

        Same process was followed as mentioned in section 3.8.5 

 

3.9.7 Seed inoculation and Sowing 

         Sterilized seeds were soaked in exponentially grown bacterial cultures for one hour. Five 

seeds for each treatment were taken for sowing in single pot. One ml of prepared bacterial culture 

was given to each pot by making hole in soil and seed was placed in the hole. Seeds were placed 

at the same depth (approximately 2 cm below the soil surface) in all inoculated pots. Un-inoculated 

seeds (soaked in sterile water only) were served as control. 

 

3.9.8 Growth conditions 

         Experiment was carried out in a poly house under following growth conditions: Temperature: 

28 ±20C, Photo period: 16/8 hour day/night cycle, Light intensity: 400 Em-2 s-1 (400-700 nm), 

Relative humidity: 60%. After two weeks three equally germinated seedlings were maintained in 

each pot. All the pots were irrigated with sterilized water. After three weeks of sowing 20 ml of 

nitrogen free nutrient solution Thornton’s medium (Thornton, 1930) [Appendix III] were given 

weekly to the each pot. 
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Materials and methods 

 

 

3.9.9 Sample collection and analysis 

         Plants were uprooted from the soil very carefully without disturbing the root system after 60 

days of sowing and washed thoroughly with tap water to remove the soil particle adhering to the 

root system. After initial air drying, root/shoot fresh weight, height were recorded. 

 

3.9.10 Plant growth parameter 

3.9.10.1 Leaf Chlorophyll content 

              Chlorophyll content (Chlorophyll Content Index reading) of the upper two fully 

expanded leaves was measured by a CCI meter. 

 

3.9.10.2 Shoot length 

              Plant height was measured from the soil base to the tip of fully expanded leaf and 

values were recorded in cm. 

 

3.9.10.3 Root length 

              Root length was measured from the base of the stem to the end of root tip. 

 

3.9.10.4 Root and shoot fresh weight 

              Immediately after harvesting plants were cut from stem base. Shoot and the root of the 

plant was weighed separately using weighing balance ± .001 gm. 

 

3.9.10.5 Root and shoot dry weight 

Plant samples were dried in an oven at 60 ˚C for two to three days to get a constant weight. 

Dry matter of root/shoot of the plants was recorded and values were expressed in grams. 

 

3.10 Data analysis 

Complete Randomized Design (CRD) was used for laboratory and poly house plant growth 

experiments. Data were analyzed by using analysis of variance (ANOVA) with SPSS (Version 

10.0) software. Treatment means were compared at 95% and 99% probability level (P=0.05 and 

0.01) and the same set of data was further analyzed to calculate the least significant difference 

(LSD) at P=0.05 and 0.01 respectively. 
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Experimental 

Findings 

“Research is to see what everybody else has seen, and 

to think what nobody else has thought.” 

                                                     -Albert Szent-Gyorgyi 



           

              EXPERIMENTAL FINDINGS

 
The objective of present study is to find out the growth promotion activity of potent plant growth 

promoting rhizobacteria on rice. Rice variety HUR105 (Malviya Sugandhit Dhan 105) used in this 

study is a new, high-yielding, scented, drought tolerant rice variety recommended for cultivation 

in eastern India. 

4.1  Physiological characters: 

4.1.1 Temperature tolerance 

               The growth of all the four endophytic bacterial colonies at different temperature was 

studied. Among these best growth of all these strains were found at 25°C whereas above (35°C) 

and below this temperature (15°C) retardation in colony growth was observed. However, the 

bacterial colony can also thrive at 45°C (Fig. 4.1). 

    4.1.2 pH tolerance 

             The bacterial growth was studied at a varying range of pH from 5 to 12. At pH 7 the best 

growth of colonies was observed. By increasing acidity or alkalinity of medium, a decrease in the 

growth of colonies was recorded (Fig. 4.2). 

 

4.1.3 Salt tolerance 

        At different levels of NaCl concentration ranging from 0.1% to 10%, the growth of 

endophytic bacterial colonies was studied. It was observed that the best growth of colonies 

developed at 0.1% NaCl. With the increase in salt concentration in media a gradual decrease 

in the growth rate was observed (Fig. 4.3). 

 4.1.4 Intrinsic antibiotic resistance 

          It was evident that all the endophytic bacteria have a very high level of (600µg/ml)        

intrinsic antibiotic resistance (IAR). Among the antibiotic tested ciprofloxacin and kanamycin 

Chapter IV 
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have an inhibitory effect on RRE3 and caused maximum lethality. However, streptomycin has a 

more toxic effect on the growth of BHU3, BHU8 and RRE6 (Fig 4.4 to 4.12). 

4.2 Biochemical characters 

4.2.1 Indole 3-Acetic Acid (IAA) production  

          All endophytic rhizobacteria were grown in YEM broth supplemented with 100 µg/ml of 

tryptophan for IAA production. Variable response was shown by isolates in terms of IAA 

production. (Table 4.1). After 3 DAI, IAA production ranged from 4.58 to 14.15 µg/ml. Highest 

concentration was recorded in BHU8 (14.15 µg/ml) followed by RRE3 (12.36 µg/ml). Minimum 

IAA production was recorded in RRE6 (4.58 µg/ml) [Plate 4.3]. 

Table 4.1: Biochemical test of endophytic bacteria 

Bacterial endophyte IAA production (µg/ml) 

                 3 DAI 

Siderophore production 

 

Control ND - 

RRE3 12.36 ++ 

RRE6 4.58 + 

BHU3 9.67 +++ 

BHU8 14.15 ++ 

 Note: DAI= Days after inoculation                                                                                                                                                                                 

            + = low, ++ = medium, +++ = good 

      

4.2.2 Siderophore production 

             All endophytic rhizobacterial strains used in this experiment were capable of producing 

siderophores. All isolates produced yellow-orange color zone on CAS agar plate hence considered 

as siderophore producers. A qualitative assessment of siderophore production test was carried out 

that is described in table. Based on the size of yellow colour zone they were categorized as low 

(+), medium (++) and good (+++) siderophore producer (Table 4.1). Maximum siderophore 

production was observed in BHU3 followed by RRE3 and BHU8 (Plate 4.4). 

29



4.2.3 Phosphate solubilisation by endophytes under invitro condition 

         To determine the phosphate solubilisation activity, all the bacterial strains were grown in 

Pikovskaya’s agar media. 6 days after inoculation diameter of bacterial colonies and solubilized 

zone (hallow area) was measured in millimeter. Phosphate solubilisation ability was indicated in 

terms of mm solubilized area per hour. All the four bacterial strains showed phosphate 

solubilisation ability (Plate 4.5). Maximum phosphate solubilisation was observed in BHU8 (0.37 

mm/hr) followed by RRE6 (0.29 mm/hr), BHU3 (0.24 mm/hr) and RRE3 (0.16 mm/hr) [Table 

4.2]. 

Table 4.2: Solubilization test of endophytic bacteria 

Bacterial 

endophyte 

Phosphate 

solubilisation (mm hr-1) 

Zinc solubilisation 

(mm hr-1) 

Pottasium 

solubilisation (mm hr-1) 

Control ND ND ND 

RRE3 0.16 0.18 0.13 

RRE6 0.29 0.07 ND 

BHU3 0.24 0.11 0.07 

BHU8 0.37 0.08 0.06 

Note: ND- Not Detected 

4.2.4 Zinc solubilisation by endophytes under invitro condition 

         To assess the potential zinc solubilizers ZnO used in media as source of insoluble zinc. 

Hallow zone surrounding the Bacterial colony was measured 6 days after inoculation (Plate 4.6). 

Highest zinc solubilisation activity was shown by RRE3 (0.18 mm/hr) and RRE6 (0.07 mm/hr) 

was recorded as minimum [Table 4.2]. 

4.2.5 Pottasium solubilisation by endophytes under invitro condition 

        All the bacterial strains were grown in Alexandrov’s agar medium to screen the potassium 

solubilisation ability, where mica was used as insoluble potassium. Except RRE6 all the three 

bacterial strains showed clear zone of solubilisation (Plate 4.7). Maximum ability to solubilize 

potassium was shown by RRE3 [Table 4.2]. 
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Fig 4.1: Growth of endophytic bacteria at different temperature in YEM medium 

 

 

Fig 4.2: Growth of endophytic bacteria at different pH in YEM medium 

 



 

Fig 4.3: Growth of endophytic bacteria at different percentage of NaCl in YEM medium 

 

 

Fig 4.4: Growth of endophytic bacteria at different Ampicilin concentration. 

 



 

Fig 4.5: Growth of endophytic bacteria at different Chloramphenicol concentration. 

 

 

Fig 4.6: Growth of endophytic bacteria at different Ciprofloxacin concentration. 

 



 

Fig 4.7: Growth of endophytic bacteria at different Kanamycin concentration. 

 

 

Fig 4.8: Growth of endophytic bacteria at different Nalidixic acid concentration. 

 



 

Fig 4.9: Growth of endophytic bacteria at different Neomycin concentration. 

 

 

 

Fig 4.10: Growth of endophytic bacteria at different Rifampicin concentration. 



 

Fig 4.11: Growth of endophytic bacteria at different Streptomycin concentration. 

 

 

Fig 4.12: Growth of endophytic bacteria at different Tetracycline concentration. 



 

    

 

Plate 4.1: Growth of endophytic bacterial colony in YEM medium.  

 

 

 

 



 

 

Plate 4.2: Strain BHU3 and BHU8 showing fluroscence under UV light 



 
 

Plate 4.3: IAA production (pink colour development) by endophytic bacteria in test tube. 

 

Plate 4.4: Siderophore production by endophytic bacteria on CAS medium.  



 

Plate 4.5:Phosphate solubilization (clear zone) of endophytic bacteria. 

 

 

   

 Plate 4.6: Zinc solubilization Plate 4.7: Potash solubilization 

 



4.3 Effect of selected bacterial strains on the growth promotion of rice under 

laboratory condition 

4.3.1 Germination 

         To study the effect of endophytic bacteria on germination of rice regular observation was 

taken. It showed that seeds inoculated with RRE6 took minimum time to germinate whereas BHU8 

inoculated seeds took maximum time to germinate. The growth of root and shoot was also observed 

daily after germination. Regular observation revealed maximum growth rate in shoot elongation 

was with RRE3+BHU3 inoculated seedlings whereas that of minimum was recorded in seedlings 

inoculated with BHU8 (after control). Similarly for growth rate of root, maximum effect was 

shown by seedlings inoculated with RRE3+BHU8 and Minimum was recorded for RRE6 (Table 

4.3). 

4.3.2 Shoot length 

         Significant increase in average shoot length of the plants inoculated with endophytic bacterial 

strains was observed as compared to control (uninoculated). Maximum increase was recorded in 

coinoculation treatment of RRE3+BHU3 (58.77% increase over control) whereas RRE3 (35.09% 

increase) showed the best result among the treatments inoculated with single strain. Minimum 

increment was recorded in BHU8 (21.93% increase over control) [Table 4.3] (Plate 4.8). 

4.3.3 Root length 

         Just like shoot length, average root length also showed significant improvement over control 

under laboratory condition. RRE3+BHU8 showed maximum improvement (77.18% increase over 

control) whereas minimum improvement was observed in case of BHU8 (35.56% increase) [Table 

4.3] (Plate 4.8). 
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Table 4.3: Effect of inoculation of endophytic bacteria on plant growth promotion of rice (cv. 

HUR 105) under laboratory condition 

  

Bacterial Strains Shoot length (cm) Root length (cm) 

Control 

(Uninoculated) 

14.33  7.77  

RRE3 20.53 (35.09)* 11.93 (53.58)* 

RRE6 18.77 (23.46)* 10.80 (39)* 

BHU3 20.17 (32.68)* 11.47 (47.58)* 

BHU8 18.53 (21.93)* 10.53 (35.56)* 

RRE3+BHU3 24.13 (58.77)* 13.53 (74.17)* 

RRE3+BHU8 23.60 (55.26)* 13.77 (77.18)* 

RRE6+BHU3 21.90 (44.08) 12.50 (60.88)* 

RRE6+BHU8 22.47 (47.81)* 11.63 (49.72)* 

CD at 1% 3.16 
 

2.02 
 

CD at 5% 2.76 
 

1.76 
 

SEM± 0.78 
 

0.50 
 

      Parenthesis – Percent increase over control 

     * Significant at P= 0.01 
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Fig 4.13: Effect of different endophytic bacterial strains on shoot 

length of rice under laboratory condition 

                                                                        

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.14: Effect of different endophytic bacterial strains on root length 

of rice under laboratory condition 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

Sh
o

o
t 

le
n

gt
h

 (
in

 c
m

)

Treatments

Shoot length

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

Le
n

gt
h

 (
in

 c
m

)

Treatments

Root length



4.4 Effect of selected bacterial isolates on the growth promotion of rice under 

poly-house condition 

4.4.1 Effect of bacterial inoculation on leaf chlorophyll content 

         Effect of bacterial inoculation on plant leaf chlorophyll content was studied using 

Chlorophyll Content Index (CCI) meter. CCI value was recorded 35 days after sowing. 

Chlorophyll content has been increased in all the treatments when compared with the control plant. 

Average chlorophyll content for plant inoculated with RRE3 was of CCI value 4.80 (106.70% 

higher over control) whereas in control treatment it was 2.32. The CCI values of the other 

treatments are as follows- RRE6- 5.40 (132.54% higher over control), BHU3- 4.67 (100.96% 

higher over control), BHU8- 4.10 (76.56% higher over control), RRE3+BHU3- 6.09 (162.20%), 

RRE3+BHU8- 5.88 (153.11%), RRE6+BHU3- 6.49 (179.43%), RRE6+BHU8- 5.79 (149.28%). 

So best response was found in coinoculation of RRE6+BHU3 (179.43%) whereas minimum 

increase over control was seen in BHU8 (76.56% higher over control) [Table 4.4] (Plate 4.14). 

 

4.4.2 Effect on number of functional leaves 

         Number of functional leaves that was counted on 35 DAS showed significant difference in 

all the rhizobial treated treatments over the control. Maximum increase in functional leaf no was 

seen in RRE6+BHU8- 21.78 that is 67.52% higher than control (13.00) followed by RRE6- 19.89 

(52.99% higher). Least increase over control was shown by BHU8- 16.67 (28.21% higher) [Table 

4.4]. 

 

4.4.3 Effect on Shoot length 

         Significant increase in shoot length was observed in all rhizobial treatments individually as 

well as in co-inoculation. However, RRE3+BHU8 (59.39 % increase over control) gave the best 

inoculation response in interaction with rice cultivar HUR105 followed by the RRE3+BHU3 

(51.29 %), RRE6+BHU3 (48.13 %), RRE6+BHU8 (44.31 %), RRE6 (42.71 %), RRE3 (42.13 %),  
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Table 4.4: Effect of inoculation of endophytic bacteria on plant growth promotion of rice (cv. 

HUR 105) under poly house condition 

Bacterial 

Strains 

Chlorophyll 

Content 

Index 

(CCI) 

No of 

functional 

leaves 

plant-1 

Shoot 

length 

(cm) 

Root 

length 

(cm) 

Fresh Weight 

plant-1(gm) 

Dry weight  

plant-1(gm) 

Shoot Root Shoot Root 

Control 

(Uninoculated) 

2.32 13.00 

 

27.03 22.10 0.98 

 

0.77 0.48 0.34 

RRE3 4.80 

(106.70)* 

17.22 

(32.48) 

38.42 

(42.13) 

30.21 

(36.70) 

1.45 

(48.38) 

1.15 

(49.55) 

0.65 

(37.08) 

0.50 

(47.59) 

RRE6 5.40 

(132.54) 

19.89 

(52.99) 

38.58 

(42.71) 

32.50 

(47.07) 

1.33 

(36.06) 

1.19 

(54.59) 

0.61 

(28.09) 

0.53 

(56.79) 

BHU3 4.67 

(100.96) 

19.11 

(47.01) 

37.28 

(37.90) 

31.75 

(43.68) 

1.34 

(37.28) 

1.21 

(57.18) 

0.62 

(29.20) 

0.54 

(60.23) 

BHU8 4.10  

(76.56) 

16.67 

(28.21) 

38.22 

(41.39) 

29.02 

(31.31) 

1.42 

(44.56) 

1.17 

(51.02) 

0.63 

(31.95) 

0.50 

(49.61) 

RRE3+BHU3 6.09 

(162.20) 

19.67 

(51.28) 

40.90 

(51.29) 

35.57 

(60.94) 

1.67 

(70.82) 

1.41 

(82.15) 

0.74 

(54.42) 

0.62 

(84.86) 

RRE3+BHU8 5.88 

(153.11) 

18.67 

(43.59) 

43.09 

(59.39) 

37.46 

(69.49) 

1.80 

(84.06) 

1.59 

(106.61) 

0.82 

(71.64) 

0.70 

(109.36) 

RRE6+BHU3 6.49 

(179.43) 

18.33 

(41.03) 

40.04 

(48.13) 

35.10 

(58.84) 

1.66 

(69.77) 

1.43 

(85.64) 

0.73 

(52.39) 

0.67 

(98.31) 

RRE6+BHU8 5.79 

(149.28) 

21.78 

(67.52) 

39.01 

(44.31) 

33.26 

(50.48) 

1.54 

(57.60) 

1.35 

(75.60) 

0.70 

(47.82) 

0.60 

(77.94) 

CD at 5% 1.02 1.62 6.77 5.64 0.29 0.27 0.11 0.09 

SEM± 0.34 0.54 2.26 1.88 0.10 0.09 0.04 0.03 

* Parenthesis – Percent increase over control 
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BHU8 (41.39 %), BHU3 (37.90 %). BHU8 gave minimum increase over control [Table 4.4] (Plate 

4.13). 

 

4.4.4 Effect on root length 

Root length of rice plants were also increased significantly when inoculated with endophytic 

rhizobacterial strains and almost same trend of different treatments were found in increasing root 

length. Effect of RRE3+BHU8 (37.46 cm) was most effective on HUR105 whereas minimum 

increment over control was recorded in BHU8 (29.02 cm) [Table 4.4] (Plate 4.12). 

 

4.4.5 Effect on shoot fresh weight 

Average shoot fresh weight of all the treatment over the replications was compared with control. 

Inoculation with bacterial strains was found effective in increasing shoot fresh weight over control. 

Average shoot fresh weight observed for plants inoculated with RRE3+BHU8 was 1.80 gm which 

was 84.06 % higher over control and it was recorded as maximum improvement in shoot fresh 

weight over control. RRE6 inoculated plants with average fresh weight 1.33gm (36.06 % higher 

over control) was minimum among all the inoculation treatments [Table 4.4]. 

 

4.4.6 Effect on shoot dry weight 

A significant increase in shoot dry weight was observed in HUR105 with all four endophytic 

bacterial isolates and in co-inoculation. Highest increase in shoot dry weight was observed in 

plants inoculated with RRE3+BHU8 (0.82 gm) whereas minimum increment over control was 

recorded in RRE6 (0.61 gm) [Table 4.4]. 

 

4.4.7 Effect on root fresh weight 

There was significant effect of inoculation of rhizobial strains on rice cultivar over control with 

respect to root fresh weight. Highest increase in root fresh weight was recorded in plants inoculated 
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with RRE3+BHU8 (106.61 % increase over control) followed by RRE6+RRE3 (85.64 %) and 

RRE3+RRE3 (82.15%). Minimum increase was with RRE3 (49.55%) [Table 4.4]. 

 

4.4.8 Effect on root dry weight 

Rhizobial inoculation elicited a same trend of response on root dry weight of inoculated plant. 

Inoculation with coinoculation of two rhizobacterial strains RRE6+RRE3 exhibited highest root 

dry weight (109.36 % increase over control). Whereas, minimum increase was recorded in RRE3 

(47.59 %) [Table 4.4]. 
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Fig 4.15: Effect of different endophytic bacterial strains on 

chlorophyll content of rice under poly house condition. 

                                                                  

 

                                                   

 

 

 

 

 

 

 

 

 

 

Fig 4.16: Effect of different endophytic bacterial strains on number of 

functional leaves of rice under poly house condition 
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Fig 4.17: Effect of different endophytic bacterial strains on shoot 

length of rice under poly house condition 

                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.18: Effect of different endophytic bacterial strains on root length 

of rice under poly house condition 
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Fig 4.19: Effect of different endophytic bacterial strains on shoot 

biomass of rice under poly house condition 

 

                                                                                                                                                                                                    

                        

 

 

 

 

 

 

 

 

 

 

Fig 4.20: Effect of different endophytic bacterial strains on root 

biomass of rice under poly house condition 
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Plate 4.8: Effect of endophytic bacteria on rice seedlings growth after 15 days    

of inoculation under laboratory condition.                                       



                                                                                                                                                                                                          

 

 

 

 

 

 

 

 

 

 

 

 

              Plate 4.9: Rice plant grown under poly-house condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         Plate 4.10: Effect of endophytic bacteria on growth of rice plant                                                                                                                                                                             



 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                              

 Serial No 1 2 3 4 5 6 7 8 9 

Treatment CONTROL BHU3 BHU8 RRE3 RRE6 RRE6+
BHU8 

RRE6+ 
BHU3 

RRE3+ 
BHU3 

RRE3+ 
BHU8 

Plate 4.11: Effect of endophytic bacteria on growth of rice 30 days after 

sowing.                                                                                                                                                                                                                                  

 

 

 

 

 

 

 

 

 

 

 

 

Plate 4.12: Effect of different endophytic bacteria on root growth of rice 



 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Plate 4.13: Effect of endophytic bacteria on growth of rice 60 days after 

sowing.         



                                                                                                                                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

     Plate 4.14: Chlorophyll content measurement of rice plant using CCI meter 



 

            Discussion 

 “The aim of argument, or of discussion should not be 

victory, but progress.”  

                                                                  -Joseph Joubert 



                                    DISCUSSION

 

Plant rhizosphere has been shown to be a preferred ecological niche for different types of soil 

microorganisms due to rich nutrient availability and is thus considered as a dynamic and versatile 

ecological environment of distinct microbes–plant interactions for harnessing essential micro- and 

macro-nutrients from a limited nutrient pool. To be an efficient PGPR, bacteria must be able to 

colonize roots because bacteria need to establish itself in the rhizosphere at population densities 

sufficient to produce beneficial effects. The exact mechanism by which PGPR stimulate plant 

growth is not clearly established, although several hypotheses such as production of 

phytohormones, suppression of deleterious organisms, activation of phosphate solubilization and 

promotion of mineral nutrient uptake are believed to be involved. 

 

In the present investigation, some endophytic PGPR viz. Pseudomonas spp., Burkholderia spp., 

and Rhizobium spp. were enumerated under different temperature treatments. Maximum growth 

was observed at 250C. Kachhap et al., (2015) have reported greater numbers of PGPR in elevated 

temperature than ambient temperature. Their results attributed to the fact that with an increase in 

temperature, as has been predicted under future climate conditions, root exudation of organic C 

also increases. Zogg et al. (1997) found that microbial respiration increased dramatically with soil 

warming due to an apparent increase in the pool size of C metabolized by soil microbes at higher 

temperatures. 

All the PGPRs in this experiment were screened in seven different pH. All these strains showed 

better growth between pH 6 to 8 and maximum growth was recorded at pH 7. The results are also 

in line with experimental studies of Sadi & Masoud (2012). They recorded most effective seed 

invigoration and improved seedling growth of sunflower inoculated with Pseudomonas 

fluorescens UTPF61 at pH 7. 

Effect of different salt concentration on growth of PGPR strains was also studied in our 

experiment. The best growth of PGPR was observed at 0.1% salt concentration. With the 

increasing concentration of NaCl, a gradual decrease in growth rate was observed but they showed 

growth upto 10% salt concentration. In higher salt concentration Pseudomonas saponiphila BHU8 
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exhibited better growth than other PGPR strain. The result obtained from the study of Deshwal 

and Kumar (2013) indicated that all Pseudomonas aeruginosa and P. fluorescens strains showed 

growth in medium containing 1.5% NaCl. Above 1.75% NaCl concentration in medium, the 

survival number of Pseudomonas gradually reduced. No strains of P. cepaciacan tolerate 2.5% 

NaCl. All Pseudomonas strains produced normal PGPR activity of IAA, HCN, siderophore and P-

solubilization up to 0.75, 1, and 1.25% NaCl respectively.  

The solubilization of P in the rhizosphere is the most common mode of action implicated in PGPR 

to increase nutrient availability to host plants. In present study all four bacterial strains (BHU3, 

BHU8, RRE3, RRE6) showed clear phosphate solubilisation zones 0.24, 0.37, 0.16, 0.29 mm/h 

respectively. Singh et al., (2014) screened rhizobial isolates from root nodules of chickpea, pigeon 

pea, sweet pea, masoor and lobia. Out of 100 rhizobial isolates 70% showed phosphate solubilizing 

index in a range of 2.2 to 4.1 on Pikovskaya’s agar media. Isolate RASH6 showed maximum 

solubilization index.  

Similar to phosphate solubilisation, in the present investigation all the bacterial strains showed a 

fair amount of zinc solubilisation. Burkholderia cepacia RRE3 showed maximum Zn 

solubilisation (0.18 mm/h) whereas Rhizobium leguminosarum bv. phaseoli RRE6 solubilized 

minimum (0.07 mm/h). In case of potassium solubilisation except RRE6 all other endophytic 

bacteria solubilized potassium in Alexandrov’s agar medium plate assay. Burkholderia cepacia 

RRE3 solubilized maximum K (0.13 mm/h) than others. Saravanan et al., (2004) assessed Zinc 

solubilizing ability of Bacillus sp. and Pseudomonas sp. using zinc oxide, zinc sulphide 

(sphalerite) and zinc carbonate in both plate and broth assays. ZSB-O-1 (Bacillus sp.) showed 

highest dissolution in the zinc sulphide (Sphalerite ore), with 2.80 cm of dissolution zone and 

14.50 cm2 of area in the plate assay. The ZSB-S-2 (Pseudomonas sp.) showed more solubilizing 

ability in the zinc oxide, with 3.30 cm clearing zone and 20.43 cm2 area in the plate assay. The 

isolate ZSB-S-4 (Pseudomonas sp.) has highest solubilizing potential in zinc carbonate with 6.20 

cm of dissolution zone and 13.40 cm2 area in the plate assay. Thus, the solubilization potential 

varies among different cultures. The solubilization might be due to production of acids by the 

culture using zinc oxide, zinc sulphide (sphalerite) and zinc carbonate in both plate and broth 

assays. ZSB-O-1 (Bacillus sp.) showed highest dissolution in the zinc sulphide (Sphalerite ore), 

with 2.80 cm of dissolution zone and 14.50 cm2 of area in the plate assay. The ZSB-S-2 
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(Pseudomonas sp.) showed more solubilizing ability in the zinc oxide, with 3.30 cm clearing zone 

and 20.43 cm2 area in the plate assay. The isolate ZSB-S-4 (Pseudomonas sp.) has highest 

solubilizing potential in zinc carbonate with 6.20 cm of dissolution zone and 13.40 cm2 area in the 

plate assay. Thus, the solubilization potential varies among different cultures. The solubilization 

might be due to production of acids by the culture, since the pH of the culture broth has been 

shifted form 7.0-7.3 to 4.8-6.5 after 15 days of inoculation. 

PGPRs promote plant growth by secreting phytohormones. IAA is a phytohormone which is 

considered to be the most important native auxin, important signal molecule in regulation of plant 

development. All the four endophytic strains produced indole-3-acetic acid, the amount ranged 

from 4.58 µg/ml to 14.15 µg/ml after 72 h of incubation. Pseudomonas saponiphila BHU8 

produced maximum amount of IAA (14.15 µg/ml). The rhizospheric bacterial isolates, in general, 

produced more amount of auxin than endophytes. Further, the results are corroborated with the 

findings of Sharma et al. (2012) where the production of IAA ranges from 10.0 to 30.0 mg/l. 

The selected bacterial strains used in the present experiment were able to grow on CAS medium, 

showing their ability to produce siderophore. The maximum bright zone with yellowish colour 

was observed in case of Pseudomonas aeruginosa BHU3. The findings are in line with those of 

El-Azeem et al. (2007), who assayed siderophore production by rhizospheric microorganism using 

chrome azurol S (CAS) agar medium. Out of the 81 bacterial isolates, 73 strains gave positive 

reactions with the CAS plate assay and produced low molecular weight high affinity iron (III) 

chelating substances that transplant iron into bacterial cell called siderophores. Noori and Saud 

(2012) reported twenty rhizospheric isolates screened positive on chrome azurol S (CAS) agar 

medium. 

In present study all bacterial endophytes showed high level (600 µg/ml) of intrinsic antibiotic 

resistance (IAR). Streptomycin was more toxic to RRE6, BHU3 and BHU8 as compared to other 

antibiotics whereas RRE6 showed sensitivity to kanamycin and ciprofloxacin. This finding is not 

in line with the results obtained by Mehnaz and Lazarovits (2006). They studied IAR pattern of 

Pseudomonas putida using antibiotics ampicillin, cyclohexamide, kanamycin, rifampicin, 

gentamycin, tetracycline streptomycin, spectinomycin. Pseudomonas showed sensitivity to 

tetracycline and kanamycin at 25 µg/ml and resistance to ampicillin, cycloheximide, 

spectinomycin upto 100 µg/ml. 
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The present study showed the effect of selected bacterial endophytes in single and co-inoculation 

on germination, shoot and root length, biomass production of rice cv. HUR105 when applied 

through seed inoculation. 

Plant infection test carried out under controlled laboratory condition showed maximum 

improvement in rate of germination over control in case of seeds inoculated with RRE6. Seeds 

inoculated with RRE3+BHU3 exhibited higher shoot growth rate and RRE3+BHU8 exhibited 

higher root growth rate over other treatments. RRE3 in combination with BHU3 gave the best 

interaction response for shoot length of seedling (58.77% increase over control) whereas 

RRE3+BHU8 gave best result for root length (77.18% increase over control) over uninoculated 

control. The results are supported by de Souza et al., (2013) studied the bioinoculant potential on 

rice. They found that Rice inoculated with the bacterial isolates AC32 (Herbaspirillum sp.), CA1 

(Burkholderia sp.), CA6 (Burkholderia sp.) and CA56 (Rhizobium sp.) presented significantly 

higher results for shoot length, dry shoot biomass, and dry root weight when compared with the 

uninoculated control plants under gnotobiotic conditions. These isolates also significantly 

enhanced the nutrient uptake of the rice plants. 

Effect of endophytic PGPR strains individually and in coinoculation on plant growth parameters 

like shoot length, root length, chlorophyll content, shoot and root fresh weight, dry weight was 

tested under poly house condition also. Results from this study showed significant increase of these 

parameters over control. Maximum increase in chlorophyll content of rice was recorded in plants 

treated with consortium of RRE6+BHU3 (179.43% increase over control) over control. For 

number of functional leaves, plants coiniculated with RRE6+BHU8 (67.52%) gave maximum 

improvement. RRE3+BHU8 combination showed significantly increased value over uninoculated 

control for parameters shoot length (59.39%), root length (69.49%), shoot fresh weight (84.06%), 

root fresh weight (106.61%), shoot dry weight (71.64%), root dry weight (109.36%). Chen et al., 

(2017) obtained similar results in Sedum alfredii inoculated with endophytic bacterium 

Pseudomonas fluorescens Sasm05. They found Sasm05 had a positive effect on the content of 

chlorophyll which was increased by 24–44% with Sasm05 treatment. Hasan et al., (2014) studied 

the effects of PGPR isolates Azospirillum and Enterobacter with rhizobial co-inoculation on 

growth of rice plants. They found both Basmati and Superbasmati rice varieties inoculated with 

PGPR had greater plant height, stem width, root length and interestingly, the magnitude of 
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stimulation for root length, shoot length, biomass was greater in co-inoculated treatments was 

increased more in double inoculation as compared to single treatment. 

From the study of Çakmakçı et al., (2007) it has been shown that inoculation of wheat plants with 

rhizobia resulted in increase in root elongation up to 20%, root dry weight up to 13%, shoot 

elongation 38% and SDW 36%. Similar rate of increase in wheat due to the application of PGPR 

is also reported. Therefore, our results are in agreement with these results and it can be concluded 

that the effect of PGPR alone or co-inoculation is not limited to rice plant but it shows their 

influence on other crops. 
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Summary  

      and       

Conclusion 

   “Reasoning draws a conclusion, but does not make 

the conclusion certain, unless the mind discovers it 

by the path of experience.” 

                                                             - Roger Bacon 

 



 

              SUMMARY AND CONCLUSION

 

Rice (Oryza sativa L.) is the main staple food in Asia, and the lowland rice makes a major 

contribution to global rice supply and rice-rice and rice-wheat system are often cited as examples 

of sustainable production system. The main reason for sustainable maintenance of soil fertility in 

the lowland rice paddies is the conservation and accumulation of organic matter (organic carbon 

and nitrogen) under prolonged submerged soil conditions. On the other hand, the rapid 

decomposition of organic matter in the presence of oxygen (O2) under upland crop or lowland rice 

upland cropping systems, leads to a significant decline in the soil organic carbon. Native and 

applied plant growth promoting rhizobactria (PGPR) play an important role in better crop growth, 

yield, nutrient uptake and maintenance of soil chemical and biological parameters in irrigated rice 

system. 

With this background, Present study was planned to screen and characterize the potent plant 

growth promoting bacteria and to access their potential for growth promotion in rice. The finding 

of the study are summarized as followed. 

 Four endophytic bacterial strains Burkholderia cepacia RRE3, Rhizobium leguminosarum 

bv. phaseoli RRE6, Pseudomonas aeruginosa BHU3, Pseudomonas saponiphila BHU8 

were obtained from PGPR laboratory of Prof. R.K. Singh, Dept of Genetics and Plant 

Breeding, IAS, BHU. These bacterial strains were characterized for their plant growth 

promoting and biochemical properties. 

 The bacterial strains were initially characterized for physiological characters like 

temperature tolerance, pH tolerance, salt tolerance and antibiotic resistance. All the 

bacterial strains showed luxuriant growth at 250C and in a pH range of 6 to 8. Though they 

survived in a wide range of temperature and pH, above 350C and below 150C there was 

decline in bacterial growth. For the growth test with different concentration of salt, the best 

growth was obtained at 0.1% NaCl. With gradual increase in salt concentration there was 

a sharp retardation in colony growth. All the four PGPR strains exhibited a high range of 
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intrinsic antibiotic resistance to ampicillin, streptomycin, neomycin, kanamycin, 

ciprofloxacin, chloramphenicol, nalidixic acid, tetracyclin and rifampicin. 

 The bacterial strains were also screened for biochemical characters. Maximum IAA 

production was recorded in RRE3 whereas BHU3 is the highest siderophore producer 

followed by RRE3 and BHU8 respectively. 

 The endophytes gave positive results for P, Zn and K solubilisation. Highest phosphate 

solubilisation activity was found in BHU8 followed by RRE6, BHU3 and RRE3. RRE3 

was highest zinc solubilizer. Except RRE6, all other strains solubilized potash. 

 Four PGPRs, Burkholderia strain RRE3, Rhizobium strain RRE6, Pseudomonas strain 

BHU3 and BHU8 and combination of these strains with each other were used for 

germination and plant growth promotion test in rice cv. HUR105 under laboratory 

condition. Seeds inoculated with RRE6 took minimum time to germinate. A combination 

of RRE3 strain with BHU3 resulted maximum shoot growth rate and seeds inoculated with 

combination of strains RRE3 and BHU8 resulted maximum root growth rate. Maximum 

seedling shoot length was observed in RRE3+BHU3 (58.77% increased over control) and 

that of root length was recorded in RRE3+BHU8 (77.18% increased over control) over 

untreated control. Minimum improvement over control was shown by BHU8 for both shoot 

and root length. 

 A similar plant growth promotion test using these four isolates and their combinations was 

conducted on rice under polyhouse condition. All the four PGPR strains and their 

combinations when applied through seed inoculation along with soil application were 

capable of significantly increasing root and shoot length, fresh and dry biomass of rice 

plants. Maximum chlorophyll content was recorded in RRE6+BHU3 (179.43%) treated 

plants whereas minimum improvement over control was recorded in BHU8 (76.56%). 

RRE6+BHU8 (67.52%) gave best result in improving number of functional leaves over 

control. In case of both shoot length and root length RRE3+BHU8 (59.39% and 69.49% 

increase over control respectively) showed maximum improvement over control. BHU3 

(37.90%) and BHU8 (31.31%) showed minimum improvement over control for shoot and 

root length respectively. Best result for shoot and root fresh weight was exhibited by 

RRE3+BHU8 (84.06% and 106.61% increase over control respectively). A similar trend 

was followed for shoot and root dry weight also. Maximum biomass for shoot and root was 
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recorded in RRE6+BHU3 (71.64% and 109.36% increase over control respectively) treated 

plants over uninoculated control. In terms of shoot biomass RRE6 (28.09%) and root 

biomass BHU8 (49.61%) resulted minimum increment though they are significantly higher 

than control. 

It is quite clear from the present investigations that plant growth promoting endophytic 

bacteria either alone or in combination resulted significant improvement over control. This 

increase in plant growth following inoculation is possibly attributed to the stimulatory 

effect of microbes that produce or induced plant growth regulators. Further results indicate 

that coinoculation of rice gave better result than plants inoculated with single strain. So in 

consortium they must exhibit synergistic, more stimulating effects when compared to 

growth responses following inoculation with either of the strain alone. The best 

combination of PGPR isolates among those tested was identified as Burkholderia cepacia 

strain RRE3 (β proteobacteria) plus Pseudomonas saponiphila strain BHU8 (γ 

proteobacteria). These results indicate that the strains isolated from rice field appear more 

promising for potential biofertilizers in crop fields and can be used for enhanced growth of 

plants in future. 

However, the findings of present investigations i.e. inoculation of rice with endophytic 

bacterial strains needs to be re-examined with different cultivars of rice as many bacterial 

strains are host genotype specific and in different agro-climatic zones before arriving to a 

concrete conclusion. 
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              Appendices 



I 
 

 

Appendix-I 

Yeast Extract Mannitol (YEM) Media (Vincent 1970) 

Sl.No Constituent g/l 

1. Yeast Extract 1.0 

2. Mannitol 10.0 

3. K2HPO4 0.5 

4. MgSO4.7H2O 0.2 

5. NaCl 0.1 

6. CaSO4 3.0 

7. pH 6.8 

 15gm/L agar was added to make plate 

 

 

 

 

 

 

 

 

 

 



II 
 

Appendix-II 

BAz media  

Constituents gL-1 

Azelaic acid 2.0 

K2HPO4 0.4 

KH2PO4 0.4 

MgSO4. 7H2O 0.2 

CaCl2.2H2O 0.02 

Na2MoO4.H2O 0.002 

FeCl3 0.01 

Bromothymol blue 0.075 

Agar -agar 2.3 

pH 5.7 

BAc media  

Constituents gL-1 

Azelaic acid  2.0 

L-citrulline 0.2 

K2HPO4 0.4 

KH2PO4 0.4 

MgSO4.7H2O  0.2 

pH  5.7 



III 
 

 

Appendix-III 

Thornton’s Plant Growth Medium (Thorton, 1930) 

Constituents gL-1 

Ca3(PO4)2 2.0 

K2HPO4 0.5 

MgSO4 0.2 

NaCl 0.1 

FePO4 1.0 

FeCl3 0.01 

Micronutrients 1 ml/L of stock solution 

pH 6.6 

 

Micronutrient stock solution 

Constituents gL-1 

H3BO3 2.86 

MnCl2 2.08 

ZnSO4 0.22 

Na2MoO4 0.11 

CuSO4 0.08 
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Appendix-IV 

Pikovskaya’s Medium (Pikovskaya, 1948) 

Sl.No. Constituent g/l 

1. Yeast Extract 0.50 

2. Dextrose 10.0 

3. Calcium Phosphate 5.0 

4. Ammonium sulphate 0.50 

5. Potassium chloride 0.20 

6. Magnesium sulphate 0.10 

7. Manganese Sulphate 0.0001 

8. Ferrous sulphate 0.0001 

9. Agar-Agar 20 
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Appendix-V 

Media for zinc solubilization  

Sl.No Constituent g/l 

1. Dextrose 1.0 

2. Ammonium sulphate 0.1 

3. Potassium chloride 0.02 

4. Di-potassium phosphate  0.01 

5. Magnesium sulphate 0.02 

6. Zinc oxide 0.1 

7. pH 6.8 
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Appendix-VI 

Aleksandrov’s agar medium  

Sl.No. Constituent g/l 

1. Magnesium sulphate                                    0.50 

2. Calcium carbonate                                       0.10 

3. Potassium alumino silicate                          2.00 

4. Glucose    5.00 

5. Ferric chloride                                             0.005 

6. Calcium phosphate                                     2.00 

7. Agar-Agar 20.00 

8. pH 7.2 
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Appendix-VII 

IAA production medium 

Sl.No. Constituent Amount 

1. Tryptophane 100 µg mL-1 

2. FeCl3 1.0mL 

3. Perchloric acid 50.0mL 

4. YEM Broth 25.0mL 

5. pH 6.8 
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Appendix-VIII 

King’s B agar media 

Sl.No. Constituent Amount 

1. Proteose peptone No.3 20.0 

2. Dipotassium hydrogen phosphate 1.50 

3. Magnesium sulphate heptahydrate 1 1.50 

4. Agar 20.0 

5. pH 7.2±0.2 
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Appendix-IX 

CAS agar media 

 

Sl.No. Constituent g/l 

1. Chrome Azurol S 60.5mg/50ml d.w. 

2. Hexadecyltrimethyl 

ammonium bromide 

72.9mg/40ml d.w. 

3. Kings Medium B base 42.23 

4. Distilled water 900ml 

5. pH 6.8±0.2 

 

*Mix Chrome Azurol S solution and Hexadecyltrimethyl ammonium bromide solution and then 

add it to 10 ml of 1mM FeCl3.6H2O solution prepared in 10 mM HCl. Add the final solution to 

900 ml of Kings Medium B base. 

 

 

 

 

 

 

 

 

 

 

 


